Organicka chemie v

archeologii, ochrane

Kulturniho dedictvi a
muzeologil



Materialy

Biopolymery
Nizkomolekularni latky

Metabolity a biomarkery

Prirodni materialy
Syntetické materialy

Modifikované pFirodni materialy




BIOPOLYMERY BILKOVINY NUKLEOVE KYSELINY POLYSACHARIDY
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Metabolismus zivych organismu

Stacionarni stav High quality

o , (low entropy)
Dynamicka rovnovaha energy

Physiological
Waste products processes

and energy

YAS 30



Postmortalni zmeny

Biostratinomie
= obdobi mezi smrti organismu a depozici 0 &

v sedimentu.
Tafonomie R
= obdobi mezi depozici v sedimentu a Biostratinomy
exkavaci, resp. obdobi mezi smrti organismu a |
exkavaci.
. l:)ssil Di-agenesis
Diageneze

g

= soubor procesu probihajicich po uloZeni
sedimentu (mechanické a chemicke)




A - schranka v sedimentu

B - dutina schranky vyplnéna okolnim
sedimentem

C - puvodni hmota schranky je nahrazena
druhotnou fosilizacni hmotou

D - schranka vylouzena, dutina schranky
druhotné nezaplnéna (otisk)

E - plvodni hmota schranky vylouZena
(volné jadro)

F — dutina schranky vyplnéna nerostem
nebo horninou jadro

G - prazdny prostor druhotné vyplnén
nerostem (odlitek s proti-otiskem)

H - dutina po vylouzené schrance
druhotné vyplnéna nerostem (vylitek)
CH - okolni sediment pritlacen na
neztvrdlé jadro (skulpturni jadro)

I - volné jadro s vylitkem

J - volny odlitek




Concentration

Kinetika rozkladu

A

Nejvhodnéjsim matematickym
-da/dt = k.(a-x) modelem je exponencialni kfivka.

In(a/(a-x)) = k.t

Radioaktivni rozpad
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Chemicka kinetika

studuje rychlost chemickych reakci

vratna A

o

A

boéna A — B

\ C c

naslednda A — B— C




Zavislost rychlostni konstanty na teplote
Arrheniova rovnice: k = A exp(-EA/RT)

A je tzv. frekvencéni faktor, R plynova konstanta, T termodynamicka (absolutni)
teplota, EA tzv. Arrheniova aktivacni energie (je charakteristicka pro kazdou
reakci, pro malé rozmezi teplot je na teploté nezavisla).

Z rovnice vyplyva, ze se stoupajici terplotou se zmensuje hodnota vyrazu
EA/RT a tudiz roste hodnota rychlostni konstanty. Hodnota EA se urCi ze
zlogaritmované rovnice

log k =- (EA/(2,303R))1/T + log A

Hodnoty logaritmu rychlostni konstanty k se vynaseji proti hodnotam 1/T,
hodnota EA se vypocita ze smérnice ziskané pfimky.

Z diferencialniho tvaru Arrheniovy rovnice

dink/dT = EA/RT2

Ize ziskat vztah mezi rychlostnimi konstantami reakce pfi dvou riznych
teplotach:

log(k2/k1) = EA(T2-T1)/2,303RT1T2



Analyticke metody




Ugel diagnostiky organickych material(i

« Identifikace a specifikace materialu

« Charakterizace stavu degradace a datovani

= oboji je dulezité pro volbu konzervacniho zasahu



Metody studia organickych Makroskopickd

materialu @
Metody fyzikalni
Mikroskopicka
Metody chemicke
Metody biochemicke
Molekularni

Kvalitativni
Semikvantitativni

Kvantitativni Submolekularni



Faktory ovlivnujici slozeni materialu

Metabolismus (typ tkané, vék, druh organismu)
Priprava materialu (technologie)

Aplikace materialu

Degradace materialu (archeologizace, diageneze)

Stabilizace a konzervace materialu



Interpretace vysledku (degradacni procesy)

Induktivni pristup: vytvareni obecného zaveru na zaklade
pozorovani (srov. ,statisticka indukce®)

Deduktivni pristup: interpretace vysledku pomoci jiz
znameho modelu.

K. R. Popper: deduktivni pristup je jediny spravny!!!

verifikace vs. falzifikace

VSsechny matematické modely jsou nespravne,
ale nékteré z nich jsou uziteCné.
(G. E. P. Box)
A nekteré velmi nebezpecne ...
(N. N. Taleb)



Proteiny



Struktura proteinu

Primarni
Sekundarni
Terciarni

Kvartéerni

Primary protein structure
i% sequence of a chain of aming acids

Pleated sheet Alpha helix

Secondary protein structure
‘ occurs whan the saguence of amino acids

ara linked by hydrogen bonds

Pleated sheeat

Tertiary protein structure

occurs whan cartain attractions are prassnt
between alpha helicas and pleatad shaats

Quaternary protein structure
-] Fﬂ}19l|‘| cnnslshng of more than ona
Bminga aoid chain




Peptidova vazba

peptidové vazby
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|zoelektricky bod

Disociaéni konstanty nékteryeh aminokyselin Tabulka 1
Aminokyselina pK, pkK, pPK,
(+) 1 (=)
NH;CHCO0 +
, . + Glycin 2,34 9,60
+) e _ +
(T Wb oo :
|+ Cystein 1.96 8.18 10,28
i, - T - coot™ - I —COOH —NH; —SH
| | Kyseling asparagova 1.88 36s 9.60
.|l|||||l| —COOH(z) —COOH(f) —NH ]
Lysin 2,18 8,95 19,53
—COOH —NH} {a) —NH/ &)
E Fenylalanin 1.83 9.13
+ —COOH —NH/;
+
- 1 Histidin 1,77 6,10 8,17
ik _ o e
COOH imidazoi WH,
a - spds sminokyselin nanesend ne chro- aminokyseliny po rozdslens
matograficky papir elekiroforesou
Obr. 20.2 Dilenf aminokyselin elektroforescu
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Abb.11.2 Titrationskurve der a-Aminosaure Glycin. (Als Zeichenhille wurden auch die pK + 1-Werte bai 0.1 und

1 05
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a3 1
mot NaQH —

0.5 mol Lauge oder Saure eingezeichnet)

V&l

V oblasti izoelektrického bodu je protein nejstabilnéjsi.




Sekundarni struktura proteinu

Sroubovice Skladany list

a) b)

Obr. 315. DvE formy kruhovych systémi
vodikovych vazeb v helixu polypeptidického

fetézce
a — levotolivy; b — pravotodivy

Obr. 3{7. B-konformace polypeptidického Fetézce

Obr. 3j6. Stoubovicova konformace a-helixu P



Tabulka 2-1. Typy nekovalentnich interakci uplatiiujicich se pfi formovani a stabilizaci molekul

bilkovin
Vazebna energie
Typ interakce Ptiklad ~ £
- kJ mot™’
. | .

disperzni sily alifatické atomy C -—-Glj—H H—(Ijm 0,1
.elektrostatické interakce” mezi ionty COO e INH o 21

mezi dlpély \5"':50-” 5_—_*(2;/ 132
vodikové vazby led —O—H...O/ 17

AN
pblypeptid_ové pétef >N——H.;. ()=c/ 12

hydrofobni interakce postranni fetézce 107
' ~ fenylalaninu TN\ @ /7T

" PH vypottu elektrostatické energie byla uZita pro relativni permitivitu hodnota 4.
) Zména volné energie transferu voda — ethanol.



Denaturace proteinu

Nadmolekularni strukturu proteint Ize narusit fyzikalnimi (teplo, UV, RTG,
mechanicky) a chemickymi (kyseliny, zasady, org. rozpoustédla, detergenty,
soli téZzkych kovu, mocovina, aj.) vlivy = denaturace: jsou narusSovany
vodikové mustky, uvolnéna struktura je pfistupnéjsi dalsim atakum.

Denatured protein

Active (functional) protein

Copyright £ 2004 Pearson Edusation, Ina,, publishing as Bergamin Cummings,



strands interfock
into pleated B-sheets




Klasifikace proteinu

Table 7.2 Amino acid compositions of some

Globularni structural proteins
— Kasein Amino acid Collagen Keratin  Keratin Fibroin
. (wool)  ([feather) (silk)
— Albumin .
) , ) Glycine 26.0 6.0 7.2 42.8
— Glykoproteiny krevnich skupin Alanine 10.3 3.9 5.4 335
e ) Valine 2.5 5.5 8.8 3.3
— Vajecné proteiny Leucine 3.7 7.9 8.0 0.9
) Isoleucine 1.9 38 6.0 1.1
— Myoglobin Proline 14.4 6.7 100 1.5
. Phenylalanine 2.3 3.7 5.3 1.3
— Hemoglobin Tyrosine 1.0 5.2 22 119
Tryptophan 0.0 1.9 0.7 0.9
Serine 4.3 8.4 14.0 16.3
Threonine 2.3 6. 4.8 1.4
Cystine 0.0 12.8 8.2 0.0
T Methionine 0.9 0.6 0.5 0.0
Fibrilarni Arginine 8.2 9.9 7.5 1.0
Histidine 0.7 3.0 0.7 0.4
— Kolagen Lysine 4.0 0.9 1.7 0.6
. Aspartic acid 6.9 6.9 7.5 2.2
— Elastin Glutamic acid  11.2 14,5 9.7 0.9
. Ammonia (1.6 0.0 0.0 0.0
— Keratin Hydroxyproline 12.8 0,0 0.0 0.0
Hydroxylysine 1.2 0.2 0.0 0.0

— Fibroin a sericin
— Nekolagenni proteiny kosti

Reesults are taken from Ward and Lundgren!!, Boews et al3!
and Lucas et al.’? and converted to weight per cent of total.



Mlecne proteiny

Table 7.4 Amino acid composition of milk

proteins
Aming actd lactal- [-Lacto- Caserns
bumin  globulin f 3

Glvcine 2.9 3.1 25 22 1.4
Alanine 1.9 1.8 33 1.5 21
Valine 4.2 4.1 57 9.0 95
lLeucine 100.4 9.2 7.1 102 10,8
Isoleucine 6.1 6.4 58 49 4.0
Proline 1.4 1.6 7.4 141 153
Phenylalanine 4.0 4.8 42 51 52
Tyrosine 4.8 4.5 7.3 28 33
Tryptophan 6.3 6.0 1.4 06 1.1
Serine 4.3 4.1 57 6.0 5.0
Threonine 5.0 4.9 44 45 40
Cystine 5.8 5.7 0.4 00 00
Methtonine (.9 0.8 23 3.0 37
Arginine 1.0 1.4 39 3.0 17
Histidine 2.6 3.0 26 27 33
Lysine 10.4 9.6 8.0 57 356
Aspartic 16.8 17.1 7.6 43 3.6
Gluramic acid 11.6 11.4 20,3 20.4 20.6

Results are taken from Gordon and Ziegler®®, Block and
Weiss®®, Gordon et al.>” and Gordon et al.%® and are converted
to weight per cent of total,



Kasein a kaseinaty

Vysoky obsah fosforu (cca 1 %; fosfore€na kyselina esterifikuje hydroxylové
skupiny serinu a ¢asteCné téz glutamoveé kyseliny)

Casein Micelle Casein Submicelle

hydrophobic core

— CMP "hairy"
‘-]':“‘ layer

¥ - casein -
enriched surfface

& Cug{PDﬁg 4 cluster




Pouziti kaseinu

Pojivo pigmentu pro fresky (kaseinat vapenaty)

Lepidlo (pfeména kaseinatu na gel + sitovani diky
reakci s Ca)

Kaseinova tempera

Galalit (uméla rohovina, kasein + formaldehyd)

Zahratim mléka dochazi k inaktivaci enzymu (ireverzibilni zmény konformace),
kasein se CasteCné defosforyluje.

Dukaz a-kaseinu (tepelné degradovaného a defosforylovaného) v keramickych
stfepech muze slouzit i jako dikaz zpracovani mléka. Mléko obsahuje cca 1,4 %
(m/V) a-kaseinu



dukaz
konzumace

mléka

druhova
prislusnost

Mleka

(kravske vs.

kozi)

Dukaz kaseinu v keramice

Experimental  Ethnographic Cladh Hallan (Iron Age)
| | [ |
700 |-
— 600
o
g 500 -
£ 400
@ Easingwold
o Slhls (Iron Age)
S 2001 —
@
100 +
0 QQ 15508 C Q Q@ A&
255388 TS 333333A33A333096,
DRODRR 222 T T T T %
Qe BB e DN 0000000000000 0@ )
VD% %D, 6o weD AANNBOORL[ALREGRVY T
4 60%55% LY 594999093935%59%% 3°
ERRS B B LD ANAN LA T
S 5 s % & £
=

Figure 1 Amounts of bovine a-casein present in samples of pottery and soil, as determined by duplicate assay using digestion-and-
capture immunoassay with a monoclonal antibody raised against this protein. Error bars, one standard deviation. The assay is specific
only for cows’ milk and is able to detect as little as 100 ng protein per g of ceramic (0.1 p.p.m.). Experimental coarseware pots (ceramic
‘blank’) were used 1o boil either milk (milk pot) or beef (meat pot) repeatedly and were buried for 1 year in upland soil. Ethnographic pots
were obtained from Pakistan (HM) and India (EMP); each had been recently used to prepare dairy products. Cladh Hallan (CH) vessels
(inset) were collected from a single site (fill of house 112, South Uist, Outer Hebrides). Domestic cooking pots from Easingwold, North
Yorkshire (E), contained large amounts of well-preserved animal fats.



Krevni proteiny

* Plazma

albumin
a-2HS-glykoprotein (A2HS)

transferrin

« Cervené krvinky

proteiny krevnich skupin
hemoglobin




Hemoglobin

PrenasecC kysliku, obsazen v Cervenych
krvinkach (erythrocytech).

Structure of hemoglobin Hemoglobin Molecule

Hemaglobin

Red blood cell Hemoglobin
(erythrocyte) molecule



Recentni kultovni sosky z Mali

1004 Proteins Max
804
= o0 Min
g 60'_ Heme Max
= 40-
20- Min
0

TOF SIMS analysis of an African artifact, highlighting the
characteristic m/z616.2 peak of heme as well as the overlapping
spatial distribution of proteins (sum of amino acid fragments) and
heme (tripyrrole fragments) on the sample’s surface.




Hemoglob

PN Y

Fig. I. Residual blood fitm (a) on the surface
of an obsidian flake knife (b) (Photographed
with incident light and Nomsrski contrast
apparatus). This artifact (sample IgSk 7:34)
- was excavated from a site in northern British
Columbia. It is firmly associated with, and
probably, older than, a radiocarbon date of
2830 = 210 years,

Teichmann (hematinovy test)

Fenoftalein

Luminol

=

———
10 um

Fig. 3. Hemoglobin crystals of grizzly bear
{(Ursus arctos horribilis) grown from the blood
film on the flake knife illustrated in Fig. 1: (a)
photograph of a crystalline aggregate; (bj line
drawing of the crystalline aggregate; (c and d)
crystal forms grown from a modern control
blood smear by the same technigue (/6).

“Toam f
10 ym

Fig. 2. Hemoglobin crystals of caribou (Ran-
gifer farandus) grown from the blood film on
the flake knife illustrated in Fig. 1: (2) photo-
graph of a crystalline aggregate; (b) line draw-
ing of the crystalline aggregate; (c and d)
crystal forms grown from a modern control
blood smear by the same technique; (e and f)
crystal forms illustrated in Washino (/6).

Fig. 4. Red blood cells in a plaque of dried
blood removed from the surface of a flake
knife (sample IgSk 8:85) excavated from a site
in nerthern British Columbia (stained with o-
phthaldialdehyde and ilfuminated in transmit-
ted light with a quartz-halogen lamp and a
Schott blue-violet filter to increase contrast).




Srpkovita anemie

Geneticka choroba zpusobena zaménou glutamoveé
kyseliny za valin v v 3-fetézci hemoglobinu. Zpusobuje

srpkovity tvar erythrocytu.

U heterozygotu poskytuje selekéni vyhodu pfi
onemocnéni malarii (prvok Plasmodium falciparum),
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Tyrannosaurus rex thigh bone with soft . e —a
tissues found inside - including delicate Eﬁd_ bl.ooci_c.elg-_isfe b?_daesv EJ: T. rex bone.
blood vessels with what appear to be red IBERSEOME VIS OF T (05 Fiiorsia

3 Canal (above) and scaning electron
blood cells and bone forming osteocytes.

micrograph of these red blood cell-like
bodies (below).




Urobilin

OUTLINE - BILE PIGMENT PRODUCTION PATHWAY IN HEALTH
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Proteiny krevnich skupin

Antropologie: urCovani pribuzenstvi mezi jedinci u zivych jedincu i na pohfebistich

Kriminalistika: identifikace osob

Gmup A Gmup A Gmup A8

Gmup 0O
Aed blooc # # #
oall typa
Antiboding BN ¢ AL A AL
pramant -f \_ .-f \"" __{ ‘...- __f\..-
Antigans L t 9
prasant A antigan H antigan Aand A

Mo antigans

n.ntIHnnl




Glykoproteiny krevnich skupin

1dtkn A: N-acetylgelaktosamin gal N-acetylglukosamin }——
| | |
fukosa
lédtka B3 gal gal N-acetylglukosamin ——
1
fukosa
CH, OH H CH,0H
, : ™ 0 H D ‘ 0
U krevni skupiny O tyto T o o Shon Ko n
sacharidy chybi. " "
H OH GH H H H
D-Galgktose L-fucose D-Mannose
K odstépeni sacharidu z ChyOH
lykoproteind miiZe dojit i e
gy P , ,J , CH,OH GH,0H H_E—OH
vlivem saprofytnich plisni — 0 0 (0
v s s . WA A H_/H \E/DH
falesna pritomnost skupiny O. Ko w2t NG N1 N
H COCH, N NHCOCH, CQ_E:, K H
N-AcetykD-Geiakfosarmin N~-Acetyl-0-Glukosamin : N-Acetyl - Neuraminsiure

Abb.69. Die wesentlichen Zuckerbausteine von Blutgruppensubstanzen



Albumin

|ldentifikace druhové prislusnosti kosti (napf. ovce vs. koza)
a krevnich skvrn.

»Molekularni paleontologie”
- sledovani rozdilu v imunologicke

. . > ~ Mammoth [~ Elephant{E) [ Sea Cow(S) T Human(H)
podobnosti mezi druhy g
'
= 10} oF - oF - S + H
] .
2 ;
Indian elephant § 0.1} S H = T S
Mammoth S
African elephant g I
= 0011 — L J I !
Manatee L— MUSCLE — = ALBUMIN !
EXTRACT
o Fig. 4. Extract of mammoth muscle reacts with antisera to albumin
o like elephant albumin, not like sea cow (manatee) or human albu-
Human - min. The sea cow is believed to be a very distant relative of the
[ | ! 1 | ] | 1 | Clepha“.l
80 60 40 20 4]

Time (Myr ago)

Nelze ho detekovat ve spalenych kostech (teplota nad 300 C)



Myoglobin

Vyskytuje se vyhradné v pficné pruhované a srdecni svalové tkani.

Sval Obsah myoglobinu
(mg/g Cerstveé
tkang)

M. temporalis 18,5

M. pectoralis maior 33,1

M. rectus abdominis 54,1

Branice 29,4

M biceps brachii 31,5

Svaly jazyka 15,3




Myoglobin

Pritomnost lidského myoglobinu v koprolitech (subfosilnich exkrementech) a
keramice prokazala kanibalismus u historickych Anasaziu.

Anasazi (Pueblané, JZ USA)




shell

egg white chalaza

Vajeéné prOteiny \\/

. Zloutek: proteiny + tuky (nevysychavy olej) + / \
lecithin (fosfatidyl cholin, = ionogenni \/
emulgator) + cholesterol (ochranny koloid) + = \\
lutein (zluté barvivo) S e

Table 7.3 Amino acid compesitions of égg
white proteins.

vitellogenin

Apine acid Ovalbumin  Conalbumin Lysogyme

Glycine 2.9 5.0 5.3

, , ., , Alapine 4.5 3.8 6.3

« Bilek: vysoky obsah vody, zadny tuk Valine 06 7l 41
eucine . . .

[soleucine 6.6 4.3 4.6

Proline 3.2 4.3 1.4

. - .o Phenylalanine 7.0 5.0 2.9
ovalbumin (cca 60% vSech proteinu) Tyrosine 33 40 32
ryptophan . 2. .

Serine 7.6 5.5 7.4

Threonine 3.8 5.1 5.6

1/2 cystine 1.7 1.7 5.7

Methionine 4.8 1.8 1.8

Arginine 5.3 6.6 10.2

Histidine 2.2 2.2 0.9

Lysine 5.9 8.8 5.2

Aspartic 8.6 11.6 17.2

Glutamic acid 15.4 10.4 4.3

Ammonia 1.1 1.1 1.8

Results are taken from Haurowitz®® and Jolles**, and converted
to weight per cent of total.



Vajecné proteiny

« Zloutek

— Pojiva temperovych barev (nékdy cela
vejce) — vysychani vody (neméni se
molekularni struktura)

* Bilek

— Pojivo barev pro iluminované rukopisy
(kfehkost)

Tempera se pfipravuje rozmichanim barviva s vajeCnym Zloutkem. Pouzivala se na
nasténnych malbach v Egypté, Babylonii i Recku. Pouzivala se v renesancni lItalii, zde
postupné ustoupila olejovym barvam.



Albuminova fotografie

Papir napustény vajeCnym bilkem s NaCl se potira dusiChanem stfibrnym.
Zbarveni fotografii byva cCervenohnédé. Pfitomnost bilku zpusobuje postupné
Zloutnuti fotografii. Nejvice se pouzivala cca v letech 1855 - 1895

TRELE : COMPARISON OF AMIHO ACIDS EETWEEH ALEUMINS [qA1009 OF PROTEIH)

AMIHO ACIOS OVALEUMIH LACTALEUMIH BSH
L'fSIHE : E.G 15 12.8
HISTIDIME : 2.3 2.4 4.0
ARGIMIME : ta 12 ta
ASPARTIC ACID - 34 187 0.4
THREOHINE : 4% R 5.8
SERINE : a1 4.8 4.2
GLUTAMIC ACID : 1E1 124 16.5
FROLIME : 36 15 4.8
GLYCIME : 3.2 bR 18
ALAHIME : 5.3 2.1 £.3

HALF CYSTIME : 24 E.4 ES
ALIHE : 1 4.7 54
METHIOHIHE : 4.3 14 n.a
ISOLEUCIHE : Al E.& ZE
LEUCIHE : 101 1ne 12.3
TYROSIHE : R S N |
FHEH'Y'LALAHIME : K| 4.5 E.G

TRYFTOPHAH : 12 5.3 0.&




Rostlinné proteiny

Zejm. lusténiny a obiloviny. Pouziti jako adheziva a pasty.

Albuminy

Globuliny
prolaminy a gluteliny

« Zein (kukufice)

* Hordein (jeCmen)

* Gliadin (pSenice)

* Legumin (€ocCka)

» Edestin (semeno konopi)
 Amandin (mandle)

GLUTENIN

&=

GLUTEN (GLIADIN + GLUTENIN)

I GLIADIN




(e) Collagen molecules
({triple helices)

(b) Collagen
fibrils

Kolagen

(d) er-chains

Denaturaci kolagenu vznika
zelatina a klih

Gal-Glu
Typ Il
Gal-Glu  Gal-Glu Gal Gal-Glu Gal-Glu
o
a
oy
Gal Gal-Glu Gal-Glu al-Glu
Typ IIL
oy
Qy
al

Gal-Glu

Obr. 1. Schéma t#i typh kolagenu. Je patrné rozdilné zastmiPenf jednotlivych typli polypeptidovych fetézcli a ritzny stupei glykosylace.
Disulfidové sifovanf je naznadeno jen u typu 11 (pfevzato z cit.™ s laskavym svolenim Wiley & Sons, Inc., Copyright 1987)



Tab. 2. Charakteristika jednotlivich typi kolagenu

Typ kolagenu

SloZeni Fetézch

Délka molekuly,
prostorové uspofddani

. Distribuce v tkanich

I (trimer)
I

III

v

VI

YiI

VIII

IX

XI

()2 T)]
[oa(T):]
[oe(I1),]

[o(I1T)s]

[TV )eu(1V)]
Lo (V)era(V)exs(V)]

[ VDo V)iV I)]

1 (VI

[2:(VIII),] ?
[ X2 (IX )or o(1X)]

[adX)s]

[ (X Do X D)o X 1)

300 nm, periodicita 67 nm

300 num, pericdicita 67 nm

- 300 nm, periodicita 67 nm

300 nm, periodicita 67 nm

390 nm, netvo¥i vlikna

300 nm, petvoti vldkna

105 nm, tvofi dimery

430 nm, antiparalelni dimery
%

200 nm

150 nm, globuldrai peptid
na C-konei

Ay
-

vétsina tkani, hlavnég kost, slacha, kiZe, cévy
v malém mnoZstvi piitomen v typu [
chrupavka, meziobratlovd ploténka, sklivec

ve fétdlnich tkdnich, keiZi, plicich, artériich (totozny
s retikulinem)

bazilni membrany

placenta, kiiZe, vétiina matrix

krevni cévy, déloha, licamenta, kize, plice
membriny ammia, kiiZe, jicen

endotelové buitky

chrupavka, sklivee, meziobratlova ploténka

chrupavka

chru pavka




Klih

Vyrabi se z kosti a kuzi,
pouziva se jako adhezivum

30

¢, %hm

Obr. 11 Zavislost kinematické viskozity 1 vodného roztoku klihu na koncentraci ¢*. 1 - koZnl

»0 ' I ! klih, 2 - kostni klih.
AY
mm-’s” 0O
60° 50 + :
Ya
30+ 70° . mm's
80°
30
B 90° ]
10 |
10
0 1 L ry
0 1 |
° ! 8 30 40 50 60
t, hod T,°C

i i i i H . \ Obr. 12 Zavislost kinematické viskozity 7 vodnych roztokd klihu na teploté T* . 1-17,75 % roztok
Obr. 13 Zavislost kinematické viskozity # na dob& zahtivani 1 pfi rdznych teplotich vodného roz- kozniho Kiihu, 2-15 % ro mk"k'lmmyk“hu’ 3_17‘15; rozltegknkommo ity 4—150%

toku koZniho klihu *. roztok kostntho klihu.



THE ISRAEL MUSELIM

Nejstarsi znamy klih z jeskyné Nahal Hemar v Izraeli

(8310-8110 BP podle 14C)



Zelatina

Zelatina je velmi &isty a jemny klih, ktery se ziskava
vyvafenim $lach, kuzi, kosti a jinych jate€nich odpadu
bohatych na kolagen. Varenim se kolagen preménuje na
glutin, coz je latka, ktera ma rosolovaci schopnost a je
nejpodstatnéjsi slozkou zelatiny (rozruSeni Sroubovicové
struktury). Zelatina se pouziva pfedevsim v potravinarstvi
a k vyrobé tobolek na léCiva, dfive téz fotografickych
emulzi.

Bow & Loug heed




Zelatina

Collagen Grelatin

OO0 ’ , Sol
— Heat Denaturation
‘ ( Gelatn Extraction \5\)1 d
Tero Collagen Helix Teto
Feglds ( Triple Helix Structure j  FePlde
] 0.3 re— Chall " Heat
SRR .
Amino Acid Composition 0.001 5um | h.
Gly-Pro -Met-Gly-Pro-Ser-G1y-Pro-Arg- Triple Helix

Gly-Len-Hyp-Gly-Pro-Hyp -Gl y-Ala-Nyp-
Gly-Pro -Gln-Gly-Phe-G1n-G1 y-Pro -Hyp-
Gly-Glu-Ryp-Gly-Glu-Hyp -Gl y-Ala-Ser-
Ely-Pro-Met-Gly-Pro-firg-G1 y-Pro-Hyp-

Gly-Pro-Asp-------------




KuUze a usen

EPIDERMIS _
s ) o~
(__J,-— '}“‘-u
EXTERMAL ROOT ‘) . SEBACEOUS
SHEATH——/ /i —7— GLAND
INTERNAL ROOT A
T Tt TTT SHEATH
Ero:!ot’pllr
“ stratum corneum
pokozka Maddila I )
. . stratum granulosum Cottex: / Longiudinal Section
(epidermis)
stratum mucosum / HAIR BULB
Cross Section
X 14 DERMAL Artery ; —
Kosa zamsa :papllarna vrstva PARLR
(corium) retikuldrna vrstva
Magduila ‘
- . Cartex . |-1|-
podkozné ottt Bt T el
o INMER ROCT SHEATH : ]
vazivo EXTERMAL ROOT SHEA
(subcutis) e
STRUCTURE OF THE HAIR FOLLICLE R
Hair
Dermal papillae - Epidermis
KO I ag e n Cald receptor
. - Dermis
E I astl n Heat receptor %

Retikulin

Elaod wessel

Connective bissue |

F Subcutareous layver
Merwe

Fat labules
| arrectar pili muscle
Sehaceaus gland

Sweat gland



Vyroba usne

1. konzervovani surové kuze suSsenim nebo solenim: ochrana pfed mikrobialnim napadenim.

2. maceni (namok): rehydratace kolagenovych vlaken, odstranéni rozpustnych soli a
globularnich proteinu z prostor mezi kolagenovymi viakny.

3. louzeni ve vapenném miléce: vytvafi podminky pro uvolnéni chlupld. Vysoka alkalita
vyvolava také botnani kize a Stépeni svazku kolagenovych vldken (to umozniuje lepSi
prostup Cinicich latek strukturou kolagenu); zaroven probiha dalSi vymyvani rozpustnych
bilkovinnych latek a hydrolyza tuku.

4. mechanické odstranéni chlupl a podkozniho vaziva (mizdfeni).




Mizdfeni a odstrafiovani chlupu

< Letanneur. Der fobaerber. The tanner.

A
Sl

"'Eygentliche Beschreibung aller Stande auff Erden ... !
J. Amman a H. Sachs /Frankfurt am Main / 1568 / S. Amerika (Odzibwejové) prelom 19. A 20. stoleti



Vyroba usnée

5. Odvapnéni = neutralizace pfebytku vapna pusobenim kyselin a amonnych soli.
Neutralizaci se snizi botnani kize, uvolni se kolagenova vlakna, struktura se stava mékkou
a propustnou pro vodu a vzduch.

6. Mofeni = rozpusténi koagulovanych mezivlaknitych bilkovin (enzymy — holubi a psi
trus)

7. Prani ve vodé — vznika ,holina“

8. Cinéni = reakce aminoskupin kolagenu s &inicimi latkami (formaldehyd, tfisloviny,
soli kovu)

9. Mazani — pfidavani tukd a oleju pro udrzeni resp. zvyseni ohebnosti a pevnosti.
Vy€inéna a vysusena usen (cca 50% vlhkosti) smési oleju a tuku (treskovy, ricinovy, olivovy,
paznehtovy olej), lanolin a;.

Mokra usen po Cinéni (likrovani): emulze oleju ve vodé, jako emulgaéni Cinidlo bylo
pouzito mydla a zloutku.

10. Mékceni a suseni



O formaldehyd
Uzeni I

do usné pronika formaldehyd z koure, ktery muze H H
interagovat s volnymi aminoskupinami proteinu (vznik
Schiffovych bazi).

.
S |
e W i

S URGE, CHIPPE R ADIANS
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Pergamen

Pergamen je nevydélana pfi napéti susena a hlazena zvireci kuze. Pouziva se
kuze riznych domacich zvirat, napf. oslu, vepru, koz, ovci nebo hovéziho dobytka,
zpravidla mladSich jedincu, jejichz kuze je jemnéjsi.

Ve evropskych druzich pergamenu rozliSujeme tfi zakladni typy:
« Jihoevropsky (italsky) je jemné&ji zpracovan jen po masové strané, na kterou se
piSe, druha zlustava hrubsi a Zluta;
» Stredoevropsky je zpracovan oboustranné stejné (méné jemné) a piSe se na obé
strany.
« Byzantsky se navic potira bilkem a vice se vylesti.




Vyroba pergamenu

PocCateCni faze stejna jako u usné: maceni,
louzeni ve vapenném miéce, odchlupeni a nékdy
moreni.

Ziskana holina neni odvapnovana ani ¢inéna; ve
vihkém stavu je napnuta na ram kde postupné
vysycha a jeji tloustka a povrch se skrabe, povrch
je brousen, bélen, pfipadné i barven, jsou do néj
vtirana plniva (kfida, vapno, mastek), je mazan a
hlazen.

Jelikoz nebylo provedeno odvapnéni, zustalo v pergamenu vazano na karboxylové
skupiny molekul kolagenu mnozstvi vapenatych iontd. To uruje odolnost
pergamenu VvUCi kyselému prostredi (alkalicka rezerva brani i rUstu plisni) x
makromolekuly zesitované Ca ionty ztraci pohyblivost a to vede ke tvrdnuti a
kfehnuti, ve vlhkém prostfedi muze vyvolavat hydrolyzu kolagenu a zejm. tuku
(zloutnuti pergamenu).



Kalcifikované tkané

Kosti a zuby
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Nekolagenni proteiny kosti

Nekolagenni proteiny kosti: osteokalcin, osteonektin, proteoglykany, sialoproteiny.

Jsou to proteiny kyselé povahy s vysokou afinitou ke kostnimu mineralu. Jsou tak ve
srovnani s kolagenem odolngjsi vucéi degradaci a vymyvani z kosti a mohou
perzistovat mnohem delSi dobu.

$

NH
]

) A - .
O-QH Cﬁa‘CHz"c\o | %H o
Dk S N ' ] C=0
| é ' €9 - Ca~cH,~cr] \@
ga-cn -cnz-c\ | % .
| | sbytky J~karboxygluteméty -
$ v oateol?:lcinu e a.nétu

zhytky glutanétu v kola-
genu a jingch protelnech.



Osteokalcin a

Thylacine

Wallaby

Mouse

Rat
Molekularni paleontologie tacine
Wallaby
Mouse

Zdroj uhiku pro 4C Homan

Thylacine
Wallaby
Mouse

Rat

Human

Thylacine
Wallaby
Mouse

Rat

Human

Thylacine
Wallaby
Mouse

Rat

Human

b

100

100

100

Sanidar, 75 000 BP

Thylacine

Wallaby

Human

Mouse

Rat



Voda

Voda je reakéni prostfedi pro fadu chemickych i biochemickych reakci. Kuze

obsahuje velmi malé mnozstvi vody (extrémni dehydratace), vétSina neni vazana
(neni soucasti struktury tkane).

Volna voda muize interagovat s prostfedim, jeji obsah se vyrazné méni vlivem
vnejsich podminek.

Vazana voda je vazana fyzikalné (sorpce, kapilarni sily) a/nebo chemicky.

V suchém prostredi dochazi k dehydrataci kolagenu. Molekuly vody ulozené mezi
molekulami kolagenu maji ,zmékcujici ucCinek”, umoznuji vétsi pohyblivost
kolagenovych vilaken. Ztrata vody vyvolava ulozeni vlaken ve svazcich do

kompaktnéjSi, méné pohyblivé struktury. Kuze tvrdnou a kfehnou, jsou malo
odolné vuci mechanickému namahani (viz napf mumie).




Voda a vihkost

Termicka analyza kze (pokozka + $kara), mumie Otzi a recent (pitevni material)

Typ vody noha hyzdeé
(% celk.
hm.)

Otzi Recent Otzi Recent
Volna 16,50 52,70 13,59 48,07
Chemicky 1,43 18,56 2,34 16,00
vazana
Celkova 17,93 71,26 15,93 64,07

NizSi obsah vody v tkanich ve srovnani s pitevnim materialem



Prirozena mumifikace

Chinchorro
(Chile)

Palermo
(kapucinska

,Ginger” (Egypt)




Prirozena mumifikace

A\

Mamuti mladé
Lyuba
(Sibir)

Clen Franklinovy
expedice
(King William Island)

Qilakitsoq (Grénsko)




Balzamovani

- m.j. vyuzivano suseni pomoci natronu (pfirodni soda), na zakladé
osmotického jevu. Podobné funguje konzervace potravin nasolenim

(1|
Um o
X I
|

- ||
it

& |
bk




Keratin

Tabufka 12.1. Aminokyselinové zloZenie (%) keratinu pokoZky, ludskych viasov, hovidzej rohoviny,

VI asy, Ch I u py, VI n a slepacicho peria a bravéovych Stetin (Bowesovd a Elliot, 1957)
Aminokyselina Pokozka Vlasy Rohovina Perie Stetiny
., % % % % %
Pe rl Glycin 10,36 4,1—4,2 9,6 7,2
Alanin 4,32 2,8 2,5 54
Valin 3,34 59 5.5 5,8 5.9
RO h OVI na Leucin 8,33 64—83 . 83 7.4-—8,0 8,3
Izoleucin . 3,31 4,7—4.8 4,8 5,3—6,0 4,7
Fenylalanin 3,99 2436 4,0 4,7—5.3 . 2,7
Tyrozin 4,7 2,2—3,0 5,6 2,022 35
A% . Tryptofan 0,95 0,4—1,3 0,7 0,7
Ze|VOV| na Serin 11,51 7,6—10,6 6,1 4,4—-4,8
Treonin 4,33 7,0—8,5 6,1 4,4—4.8 6,3
Cystin 1,54 16,6—18,0 15,7 6,8—8,2 14,4
Metionin 1,64 0,7—1,0 2,2 0,4—0,5 0,5
Prolin 2,73 4,3—9,6 8,2 8,8—10,0 9,6
Rachis or Shaft ..o Arginin 5,65 8,9—10,8 10,7 6,5—7,5 10,9
. ; e Histidin 1,62 0,6—1,2 1,1 0,7 1,1
A7 Lyzin 52 1,9—3,1 1,6 1,7 3,8
LEHTEEL TR =T Kyselina asparfgovd 9,49 3,9—7,7 79 5,8—7.5 8,9
T2 =0 i S Kyselina glutdimova 15,3 13,6—14,2 13,8 9,7 17,9
S Amidovy N 0.9 1,17 1,14 1,09
U B Celkovy N 19,6 15,5—16,9 16,9 16,2
ERORE Celkova sira 0,77 3,040 52 3,9
. ,'I. = /.r : ‘\-—-'— Barb
Calamus aafq] - :
or Quill ~Hamulli

T ile T
Anterior barbules Posterior barbules
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Struktura keratinu N
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1. Hydrogen bridges between peptide groups (polar bond)

2. Cystine bridge (covalent bond)

3. Salt bridge between an asparagine and lysine side chain (ionic bond)
4 . Hydrophobic bond between a rest of valine and isolyeine (non-polar

bond) The broken ellipse shows the part where the water is displaced.



Keratinova viakna

* VIna ovCi

* Mohér (srst kozy angorskeé)

« Kasmir (srst kozy kasSmirske)
* Velbloudi srst

« Srstlamy a alpaky

« Srstjaka



proten moilecule possidly compnsing
————— three polypeptide cha:ns (a-neliCes)
I I a twisted togetner
;..

helicai arrangement of
prote:n molecules

nuclear remnant

microtibril
paracoriex

macrofibril

cortical cell /e Jz3 ) onhocortex

culicular scale

Fig. |. Schematic drawing of a wool fibre,

a b c d
Obr. 2-27. Struktiira viny

2 — vitikno viny, b — tibrila, ¢ — mikrofibrila, d — prierez mikrofibrilou (2 +9 protofibril) ; 1 — bunka kortexn, 2 —- ortokortex,
3 — parakortex, 4 — tri-a-zdvitnica, 5 — protofibrila



HN
A

{Arg) /C—HN—[CH;I, i + CH,0H (Ser)
n HoN
e ratl l l tLys) H N—ICH,), + --—CliH—OH [Thr}
CH,
SN —C—CHz o
thisl Cb | + CHz@OH (yr)
HN — CH
fAsp}  HOOC —CH, — +CHySH {CySH)
Tabufka 12.2. Aminokysclinové zloZenic keratinu viny podla réznych literdmych ddajov (%, resp. -
- CH—

zvySky aminokyseliny/100 aminokyselin) CH—t (Cy, S,
1 CHp—

(Glu)  HOOC — CHp~CHz —

Aminokyselina % (1) % (2) % (3) zvysok/100 AK (4) CheCH_S—CH. (Met)

4~ CHy—CH,—S —CH, [Met
Alanin a4 3,8 3,7 4,4—5,6 [€ySCaH)  HO35—CHz {-CH—CONH,  tAsp)
Amidov§ N 1,4 1.1 1,4 9,0—11,1
Arginin 10,4 9,2 10,5 6,0—6.9 L CH~CH,—CONH,  {Glu!)
Kyselina aspardgova 1.3 6.4 6,7 5,5—6,2 :
Cystin 13,1 11,0 11,3 10,4—13,0 A ) - ]

Obr. 2-25. Reakti bodnych refazcov aminokyselin v k vin

Kyselina glutdmova 16,0 13,1 15,0 10,1—124 aleivne micsta fetamev kyselin v keratine viay
Glycin 6.5 5,3 5,2 7,8—9.9
Histidin 0,7 1,0 0,9 0,5—0,8
OH-lyzin 0,2
Izoleucin 3,8 3,1 2,739 , . ,
Leucin 77 7.6 6,6—7.8 Vysoky obsah sirnych
Lyzin 33 3,1 2,8 . 2,226 H H .
Metionin Py o5 0 0405 aminokyselin v keratinu
Fenylalanin 4.0 3.4 34 2,3—2,8 Vi Y
Prolin 7.2 6,4 7.3 5,2—8,0 Vede prl Jeho pyr0|yze
Serin 9.5 72 %0 7.8—10.2 ke vzniku zapachajicich
Treonin 6,6 6,6 6.6 6,3—6,4 . . . .
Tryptotin 18 2.1 1,0~1,1 sloucCenin na bazi
Tyrozin 6,1 4,0 6.4 2,5—41 °
Valin 5,5 59 5,0 4,857 merkaptanu
(1) Speakman (1949) (3) Simmonds (1955)

(2) Ward a kol, (1955) (4) Ward a Lundgren (1954)



Hedvabi

- Hedvabnik (bourec morusovy, Bombyx mori)
- kokony (zamotky)
- odklizena vlakna (zbavena sericinu)

%




Hedvabi

vychozi surovina pro atlasové, brokatové
a vlasoveé typy tkanin (samet, koberce)

THE SILK ROAD

. 0 2000 0
PES o =] ‘!_';'_.'_-:: ':1.'_._::_"_:: ‘. a 2000 mi t"\-\




Struktura hedvabi

Tabulka 11.1. Aminokyselinové zloZenie (%) fibroinu niektorych drubov prirodného hodvsbu (Hearle

1966, Keil 2 Sormovd 1959)

Aminokyselina Bombyx Tussah Tussah II Anaphe Chrysopha
SEF?I':IN mort Caligula flava
L - "'T'f':\ ¥ i Giycin 43,58 236 . 139 a17 235
/o BUNCITS 15 N | FILAMENT Alanin 296 39,4 47,2 52,1 50,2
OF FIBRIL | g . o Serin 11,67 10,47 14,80 40,7
I5 CALLED |~ -J-;. ’L‘-\ i S s Kyselina aspardgovd 1,35 4,2 7.5 3,0
FIBROIN / % = i Kyselina glutdimové 1,46
- = Tyrozin 4,79 4,35 10,6
¥ Jﬁiﬁ _ & Histidin 0.44 2,23 1,55
. ;-j-,f_,ﬁ;ﬁ | e ' Arginin 1,73 9,23 541 2,1 1.8
;_Eif}*f’:ﬁ’ y " FIBROIN & projin 0,39 028 0,43
5" '_ﬁ,.;f{ﬁ \ ' Tryptotin 0,38 1,99 2,74
A o Lyzin ‘ 0,17
f \ Leucin a izoleucin ' 1.27
1 FIBRIL | Fenylalanin 1,06
Treonin 0,2

Proteiny hedvabi

- fibroin (76%) - z 15 rlznych
aminokyselinovych fetézcu spojenych do
formy skladanych listd. V krystalinnich
segmentech hedvabi se tyto listy objevuji v
pravidelném trojrozmérném usporadani.

- sericin (22%) — glycin,alanin,tyrosin,leucin.

Fringed micelles



ZFicena pagoda chramu Famen nedaleko Xianu (Shaanxi , SZ Cina)

Dynastie Tang (ad 618-907)
Rtg difrakce

i v . 3 :Tm R fiber axis fiber axis
. & t
LY
!
. ¥
*
8-1a “worse” = 8-1b “better”

1-1 degraded material

Degradované zbytky obsahovaly vySsi podil krystalinni struktury



Vazba proteinu na montmorillonit

Proteiny fixované na jilovité mineraly vykazuji vyssi stabilitu vicéi saprofytnim
mikroorganismum

STRUCTURE OF

' c

60 —

Sor -
E’ 20— N
£
&
é Jar- -
3 .

20~ -

EXCHANGEABLE CATIONS
n Hzo /01—
v z «14 é ‘Is 10

Time in Days

MG, 1 Decomposition of gelatin by soil microorganisms:
4, gelatin-bentonite complex; R, gelatin-bentonite mixture;

&,
MODIFIED FROM GRIM (1962) C, gelatin alone,




Dekompozice mekkych tkani

Biogenni rozklad, limitujici faktory:

1) mnozstvi kysliku (O,)
2) pritomnost vody
3) pfitomnost mikroorganismu (bakterie, plisné)

Faze rozkladu:
Fermentativni autolyza
Emfyzem (bakterie)
Ztrata tekutin
Suchy rozklad (plisne)
Skeletizace



Mikrobialni rozklad téla

Ztrata tekutin Skeletizace

Fermentativni autolyza



Experimentalni tafonomie

Toxikolog M. Orfila srovnaval rychlost rozkladu lidského
stehna v rdznych typech pad (rdzného slozeni)

TREAITE

EXHUMATIONS

FURIBIFUES,

1853)




,Body farm"”

Knoxville, Tennessee

University of Tennessee Anthropological
Research Facility




Rozklad v rakvi a bez rakve

H20 02z

Py

C02 H2S
NHs CHs

{

1111 compacted

¥

___r______________

skeleton Leld together Ly ligameuts

body decomposition products

v , W V2 iV ¥ V2 W
— e T—...a - - —— ——  —— =——  bioclenical residue

skelaton in full collapse

burrowing invertebrates and m

loose fill

Reductive gas concentrate in coffin

[—

Body, Shroud, Coffin

liquid decomposition preducts trapped in base of coffium

Insect activity limited to larvae that hatck from eggs laid before
burial

As coffinr breaks down there is limited gas exchange

Liquid decomposition products trapped in coffin



Disartikulace kloubnich spojeni

bez rakve v rakvi




“effet de parois”

Pavlov Horni pole (KZP) Rebesovice (UK)



Proteiny

Mikrobialni rozklad:

Hydrolyza proteini: peptidy, peptony, aminokyseliny
Deaminace aminokyselin: amoniak + organickeé kyseliny (VFA)

Ptomainy: kadaverin, putrescin, histamin

\ N NH-»
2
Skatol, indol gj/\/

H
\ CHs\ H2N\/\/\NH2



» 18:- +18

. 18l _L
w ’ D2 16+ T16
Tekave LI Frs
. ’ ° 121 T12
organicke 2ol Fro
. {‘ 8—‘- --8
Kyseliny £ 41 Is
£ 4f 1
£ 2_& % A S _7_2
O = S T S RN ﬁTIO

0O 150 300 450 600 750 900 1050 1200
Accumulated Degree Days (C)

Mikrobialni rozklad a
deaminace proteinu

FIG. 1—Ratios of volatile farty acids, over time, in soil solution underneath a decormposing corpse.
Propionic (——), iso-butvric (— — —), n-butyric (--+-), iso-valeric (— - —), n-valeric (- — -*)
Results are best fit regression models.

ug/g izomaselna valerova izovalerova
Duz 412 159 -

Knin - - 11,5
Knin 9,3 - 7,3

HFbitov v Duzu (Kosovo) a hromadny hrob v Kninu (Chorvatsko).



Pusobeni plisni

- zmeény histologické struktury (kratery, tunely) — plisné i bakterie
- Cervenofialové zmeny na kostech (moznost zamény za krev Ci barvivo)
- rekrystalizace kostniho mineralu v dusledku zmény pH

- fluorescence kosti v UV svétle (metabolické produkty plisni —
tetracykliny maji vysokou afinitu ke kosti — vznik komplexut a chelata)

Tetracykliny se pouzivaji jako léCiva a ke
sledovani rustu kostni tkané. Pfi dlouhodobéjSim
uzivani zanechavaiji typické zabarveni zubu.




Tetracykliny

Antibiotika (od konce 40. let)

Produkty metabolismu plisni a
mycet (napr. Streptomycety) Fluorescence v UV svétle

Fig. | (A Cl Ad) fluorescing and nunﬂuures:mg os{eons, Fre
Note the fluorescing lact . In (B}, a sclerotic ring is visible in he

ppe ght po; n (CJ F h d ncomp] tely mineral l ed bon.

The feshered port not




Transformace kostniho mineralu

V kyselém prostredi:

hydroxyapatit (Ca,,(PO,),(OH), ) = brushit (CaHPO, .2 H,0)

pH: 7, 0 — 7,5 (fyziologicke) pH: 4,5-6,0




Kyjov

Hrob H 1034

pohreb je narusen v mistech,
kde se nachazely hlavy a trupy
pohrbenych jedinct

dolni koncetiny jsou v obou
pripadech sekundarnim
zasahem prakticky
neporusené




ppm
L]
®
@
O

|:| Horni hrana
I:I Dolni hrana
- Hrot kopi
\: Kost
Fosfat

X100

1,837 -
2,305 -
2,847 -
3,236 -

4,180 -

2,304
2,846
3,235
4,179

5,114




Rozklad distribuce na
gaussovské slozky
metodou maximalni
vérohodnosti

Density

0.002 0.004 0.006 0.008 0.010 0.012

0.000

Kyjov, H 1034

.
.

.
200

M IR

300 400

koncentrace P205 (ug/g)

|I
200







Rozklad kosternich
ozustatku

Inorganic Phosphate(V) Species




Totalni rozklad skeletu

Mechanismem rozkladu je preména hydroxyapatit — brushit, rekrystalizace vede k
mechanickému rozruseni kostniho mineralu a nadslednému vzniku ,,siluety®, ¢i totalnimu
rozkladu skeletu (k dokumentaci siln€ nebo zcela rozloZzenych skeleti je vhodné vyuzit

fotografii v UV oblasti). Pfeména mizZe byt indukovana:
1. nizkym pH pudy (< 7; kyselé pidy, vysoky obsah huminovych kyselin)

2. kyselymi metabolity saprofytnich mikroorganismii (napt. kys. citronova,
Stavelova, aj.), napadajicich bud’ télo (zeym. plisn€, v mensi mife bakterie), nebo
material rakve (dfevokazné houby). Uplatiiuje se napi. v hrobech v alkalickych ptdach
a v kryptach. Charakteristickym projevem biogenniho rozkladu je vyznamny rozdil v

zachovalosti jednotlivych Casti skeletu.



Praha — Miskovice

A 0 0,05 0,1 mg R0/ 1g plidy
I =7 P
= ;

o §va
PSRV RN || X 1h
i‘@.z,al“ ““'\sm & % %é
A \ \ 2% %
" 4% £
3
5 : ;
H

6

. S 1%
H tm 2 \j
N hroby, v nichZ se rozloZila mrtvola .
e % 0 Ko —
N / i s 2l E
o: 1 / - = F —
a v | =
0,13 10,008 - 3% L
g 7/ n =30 vzorkd H — ?‘ ! 754
1 2 — f Rl ~
0,1 - R .
/A 0.08 105 = -
0,07 i [ -
- 0.050 10,002 M -
n=87 vzorkd 1
pozodi a hroby beze stop rozkladu 1
b | m | 1
0- ' ) H
Obr. 6.16. Praha 9-Miskovice, vyzkum M. Ernée (Archaia Praha). Hroby tnétické kultury. A: Kfivka hodnot H
v hrobé, kde doslo k rozkladu téla. B: Hrob s pohiby H41 (bez fosfatové anomalie) a H42 (s fosfatovou U1,5m

anomalif). C: Hrob bez fosfatové anomalie (k rozkladu téla doslo jinde). D: Vyhodnoceni hodnot obsahu

fosforu pomoci statistické metody nejmengich &tvercii (viz text). M&Fil A. Majer. - Obr. 5. Praha 9 — Miskovice. Vysledky fosfatové analyzy v hrobech 28 (A — nahofe) a 32 (B — dole). Kfizky

jsou oznacena mista odbé&ru vzorkd.



Pohansko u Breclavi
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Postdepoziénim zmény proteinu

'~ matrix proteins

)
5 hydrolysis
1
v
loss to protein fragments
environment !
meme- - ! hydrolysis
I
v
peptides and
exogenous free amino acids
components

]
]
:
L reactions
v

residual amino
acid component

Maillard-like
recombination

Figure 3. A model showing the diagenesis of the proteins and their constituent amino acids in the fossil matrix. As peptide bond
hydrolysis takes place (left), the released amino acids can diffuse out of the matrix and are lost to the environment over geological
time. Exogenous components can enter the fossil matrix and may react with remnant endogenous amino acids to form geo-
polymeric material similar to humic acids. The original L-amino acids present in the specimen undergo racemization (right),
following a defined pattern of racemization rates (D:L. Asp>D:L Ala>D:L Val}. Racemization should be complete in <1-5
million years in most environments on the Earth. The addition of contaminants would lower and distort the expected extent and

pattern of racemization for the various amino acids.
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[ Inner Rock
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Amino-acid
Fig. 2. Amino-acid per 5 g fossil or rock sample



Hydrolyza

Voda
Kyseliny
Baze
Enzymy

N (mmol na 100 g kolagenu)

i
Ry LH
H0
o ' g
Ry R2 Zavislost koncentrace koncovych, dusik obsahujicich skupin N (indikujicich stupedi hy-

drolytické degradace) na pH usné uloZené v prosttedi o nizné pomérné vihkosti pfi teplo-
. . . t& 40 °C po dobu 8 tydni'’. @ 100 % pomérné vlhkosti, @ 85 % pomérné vlhkosti, @
Fig. 13. Hydrolysis of the peptide backbone. 75 % pomérné vlhkosti, © 40 % pomé&rné vihkosti, O 0 % pomérné vihkosti.



Vina

|zoelektricky bod pfi pH=4,9 => je stabilni v kyselém prostredi
Kyseliny.

Pouze koncentrované kyseliny, zfedéné se vazou na bazické skupiny.
S HNO, poskytuje xanthoproteinovou reakci (vznik Zlutého zbarveni).

r

(0] (0]
O5N
OH + HNOa 2 OH
NH, “H0 NH,
HO HO
Tyrosine dark yellow or orange color

BocCni fetézce jsou stalé, s vyjimkou Trp ktery se zcela rozklada. Nejprve se Stepi
amidické skupiny, pak nasleduje celkova hydrolyza peptidického fetézce. To se
projevi v mechanickych vlastnostech viakna. Citlivost vaci kyselé hydrolyze je
zvysSena je-li cystein zoxidovan na kyselinu cysteovou. Peptidova vazba
sousedici s kyselinou cysteovou je na kyselou hydrolyzu velmi citliva.

Alkalie:
rozkladaji vinu ve vetsi mire.



Hedvabi

v v

Kyseliny:
UcCinnéjsi, napadaiji cely fetézec, hydrolyza je pomérne rychia.

Zasady:.
Zejména pocatku napadaiji spiSe konce retézce. Odolngjsi nez
vina, hydrolyza spiSe za horka.

Enzymy:
ne, hlavni retézce v hedvabi jsou prilis blizko sebe.

Vrouci voda:
rozklad fibroinu



GLA (nmol g— ')

Hydrolyza

Mummy rib

(~2.900 yr)

nekolagennich

Bovine-8 h

. (o} . "
proteinu kosti e -

Mammoth bone
(~11 ]

,000-16,000 yr)

Bovine-96 h|]

Kyselina y-karboxyglutamova (Gla) je

specificka pro nekolagenni proteiny

1
400

|
800

GLA (nmol g=1)

1.200

Fig. 2 y-Carboxyglutamic acid (Gla) concentration in four
fossil bone samples. Shaded bars represent the means of dupli-
cate analyses of single fossil samples. Reference values from three
artificially leached bovine samples (Fig. 1) are included as open

1.000

. bars. Standard deviations are indicated by lines.

TABLE 2, OSTEQCALCIN DETECTION
Sample Organism Age DIBA* RIA Gla/Glu

e e )

* ' (Ma) (ng/ml)
. R1 Cow 0 ++++ >25 0.012
4i R2 Horse 0  ++++ >25 0.032
b R3 Alligator 0 ++++ >25 0.026
- R4 Chicken 0  ++++ >25 0.018
S F12.T9 Deer 1 +++ nd. 0.024
- : F13.T10 Bovid 1 +++ nd. 0.046
. F14.T8 Bovid 1 +++ nd. 0.002
. F18.56 Horse 35 + nd. nd.
: F30.52 Turtle 15 + >20 0.05
100+ . o F32.17 Titanothere 30 - 0 n.d.
. i F33.12 Ceratopsian 75?7 ++ 52 1.0
r F33.46 Ceratopsian 757 + 28 0.14
L o) | F34.CV Sauropod 150 + 92 074
F38.2 Hadrosaur 755 ++ 45 1.0
b F38.51 Hadrosaur 755 + >80 0
r o i F39.24 Ceratopsian 73.25 - 16 0
. | F41 Humic acids 0 - 0 0
i Merc.  Bivalve 1 -  nd. Of
20 N Pachy. Brachiopod 25 - nd. Of
= 3 . ~ Note: n.d. = not determined.
0 24 48 7= 96 *Reaction scoring: ++++ = very strong; +++ =
Leaching time (h) strong; ++ = moderate; + = weak; — = no reaction.

+ According to King (1978b).




Obsah dusiku v kostech

Absolutni chronololgie

Relativni chronologie

Vliv na obsah dusiku v kosti maji teplota, charakter a propustnost
prostfedi, pH pldy. + metoda stanoveni a pfiprava vzorku.

Obsah dusiku v kostech téhoz skeletu i v riznych ¢astech téze kosti se mohou
iSit az Ctyrnasobné. Je velmi dulezité zda se odebira kompaktni kost, nebo
spongioza — ta je citlivéjsi ke kontaminaci i vymyvani dusikatych latek. Varené
kosti vykazuji nizky obsah dusiku — vrouci voda vymyva org. Latky. Pisobenim
suchého tepla se kolagen $tépi, zustava vsak fixovan v kosti.

Vymyvani kosti muze byt uzce lokalni, zavisi na typu kosti.



Obsah dusiku v kostech

N (%) Pes Clovék A Clovek C
atlas 3,43
obratel 3,52
(neurc.)
metakarpus 4,14
Iron Age
Round House
pelvis 1,03
calcaneus 4,09
humerus 3,0
Obsah dusiku v neolitickych kostech radius 1,49 3,89
z komorové mohyly z Quanterness
(Orkneje). Neolitickeé stafi pozlstatku bylo fibula 148
potvrzeno 14C.




Obsah dusiku v kostech

S Anglie
2 hibitovy Aa LG

(vzdalenost cca 150km)

Jedné podzimni noci 30lety student opustil svou kolej a jiz se nevratil. O 14 let pozdé€ji byl na
soukromém pozemku cca 1 km od koleje nalezen volné lezici skelet, CasteCné prekryty
vegetaci. Kosterni pozustatky, beze stop po zranéni, patfily zmizelému studentovi. Obsah
dusiku ve vzorku femuru byl 1,1 g N/100 g kosti (obsah v Cerstvé kosti obvykle Cini4 — 5 g
N/100 g kosti).



Obsah dusiku v kostech

hydroxyproline = 7482.6 N, New Zealand AD 1250 to AD 1932
glutamic acid = 6227.5 N,

arginine = 5103.8 N,

. NH; 6LU GLY
@) O
B° %o
4 00
@) @)

2 “® Co
= ¢ o

2 —

9 @
I
1 | | | P 1 | | | I I | l
0 | 2 3 4 5 6 7 x10% 0 ! 2 3 4 5 8 7x10%

Amino ocid concentration in paris per million " Amino ocid concentration in parts per million
Figure 1. Glycine, glutamic acid and ammonia concentrations related to
nitrogen weight percentage in whole bone. Key: m, calvarium; O, cortical
bone (femur, fibula, mandible half, radius, tibia, ulna); @, rib; A, vertcbra.

Figure 2. Glycine, proline, hydroxyproline, alanine, glutamic acid, arginine,
aspartic acid and ammonia regression lines computed from data as given
in Figure I.



Obsah dusiku v kostech

A
a/h-.:
s L Viz kinetika 1. radu
1.0 + 3
./
0.5:1 ,/)y/
o ,0
O p
AR
o 4
1 !
|

HOURS

Fig. 1. The release of nitrogen from bone at 6 temperatures, The vertical coordinate represents the natural
logarithm of a ratio between the initial concentration of nitrogen in bone and that which remains at any given
time. The horizontal coordinate represents the number of hours each sample was heated. The temperature lines
indicate the rate at which nitrogen is lost from bone at a given temperature (in degrees. Centigrade). The dotted
horizontal line represents those points where a/a-x is equal to 2.718 and In a/a-x equals 1. )

1



Hydrolyza cystinu

Reakce s alkaliemi

Reakce s horkou vodou

| |
NH

NH
| |

CH—CH, -S—CH,—CH
| I
CO )

I |
CH—CH,—S—S—CH,—CH

l le(). | l

1 .
CH -—'CHZ—HS -+ HO-—-S —*CH2_CH sulfenova kyselina

| |
L ~ |
CH-CH,OH OHC—CH



Rozklad argininu v alkalickem prostredi

V alkalickém prostfedi dochazi k rozkladu argininu na ornithin (za vzniku mocoviny)
a/nebo, méné Casto, na citrulin (za vzniku amoniaku). Reakce je vyznamna hlavné
v pozdejSim stupni alkalické degradace kolagenu.

i
I—OLCH—(CHZ)B,—-NH—CO—NHz + NH,
|

NH, NH  COOH
l % -
CH——(CHz)s——NH——C\ citrulin
|
COOH NH,  NH,

| ——— CH—(CH,),—NH, + CO(NH,),

arginin |
COOH

ornitin

Reakce se uplatriuje m.j. i pfi louzeni usne.

Aminokyselina ornitin se bézné v proteinech nevyskytuje.



Horka-Ondrej

Existovaly pokusy o vyuziti premény argininu na ornitin k datovani kosti. Metoda
selhala pfi datovani lebky z paleolitické lokality Skalka u obce Horka-Ondrej na
Spisi. Vysoky obsah ornitinu indikoval paleolitické stari, radiokarbonové datovani
ukazalo, ze jde o novoveky material.

V roce 1988 v travertinu u Hérky-Ondreje nasla lidska lebka. Objev v§ak hned od poc¢atku
budil u mnoha archeologl podezieni, protoze Slo o lebku zcela moderniho typu. Jak se
nakonec ukazalo, pochyby byly zcela na misté — Slo o podvod. Roku 2003 se k nému v
televizi pfiznali dva brigadnici, v dobé vykopavek teprve patnactileti. Vedouci archeologické
brigady jim pry slibila, ze najdou-li néco ,velkého®, dostanou volno a navic i néjakou tu
korunu odmény. A tak se snazili. Na starém hrbitové ukradli lebku, Ctyfi dny ji maceli v
termalnim prameni, pak ji zakopali na lokalité a dalSi den opatrné ,objevili“.
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Defosforylace

Fosforylovany Thr a Ser zbytky se mohou spontanné hydrolyticky defosforylovat
za vzniku fady aduktu (napfiklad mustky lysinoalanin (LAL) a histidinoalanin
(HAL).

Obsah Ser(P) v dentinu
klesa s vékem, souc¢asné
pribyva Ala, LAL a HAL.

Ln(Mol % Ser(P))

Dentin Age (years)

Figure 2. Contents of Ser(P) in PP from human dentin in relation to
age. The amount of Ser(P) was normalized in relation to Leu. The
rate of Ser(P) decomposition was: 42.2 x 10~3 years~ ! . Normaliz-
ing the Ser(P) values in relation to proline or alanine give approxim-
ately the same results; 41.0 and 40.4 x 10~3 years_] , respectively.
The solid line represents the calculated linear regression line; broken
lines represent the 95% confidence bands.



Deamidace

PUsobenim alkalii na protein:

napr. pfi louzeni usné

Samovolné (starnuti
proteinu), mechanismus
souvisi s racemizaci.

Komplikuje datovani pomoci
racemizace Asp
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0.7 4 (o)

D.6 -

C, (mmol/g casein)

0.5 4

0.4

0.3 — Ty T ———
o 20 40 60 80 100 120

th)

Fig. 1 —Deamidation of caseins at 115°C. Solid lines represent model
curves. Experimental data points: (@) calcium caseinate; (C) sodium
caseinate; (V) CO,-casein.
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Deamidace

Table 4 —Deamidation activation energies (kJ/mol) of individual casein

amides
Ca-cas. Na-cas. CO,-cas.
Asn (85-100°C) 84.6 97.2 113
Asn (100-115°C) 25.1 52.0 43,9
GIn 268 199 120
-4
2.0 ]
5 4
254 . s -
<7
=3.0 4 -8 -
3 g o]
35 1
5 5 -10 4
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12
4.5 13 .
-14 ) T T T =T T
5.0 T T T T T 0.00255 0.00260 0.00265 0.00270 0.00275 0.00280 0.00285
0.00255 000260 000265 000270 000275 0.00280  0.00285 :
1T(K)
1TCK)

Fig. 3—Arrhenius plot for glutamine deamidation of casein. (@) cal-
Fig. 2—Arrhenius plot for asparagine deamidation of casein. (@) cal- cium caseinate; (O) sodium caseinate; (V) CO, -casein. *Data point for
cium caseinate; (O) sodium caseinate; (V) CO,-casein. calcium caseinate behind data point for sodium caseinate.



Alkalicka hydrolyza

Metoda rozkladu neboztiki pomoci alkalické hydrolyzy (green cremation,
biocremation) je oproti klasické kremaci méne naroCna na energii, a
nedochazi k uvolnovani rtuti a emisim uhliku. Proces vyuziva vodu,
hydroxid draselny, relativné nizkou teplotu (177 C), a snizeny tlak k
pfeméné téla na kostni fragmenty a kapalinu. Cely proces trva cca 10-12
hodin.

@ Bodylsplacedin TWAT
Resomator, whereitls =~ ™ AGITATOR
automatically weighed

by load cells )\_SILK COFFIN
@ Correctamounts of =

waterandalkaliare d
added and vessel /
is heated

to 150C STEAM COIL

@ After
:}hree_hours
ody is
rer?gced to (@) Soft caldum aushed
liquid and andreturned to

soft caldum




Pyrolyza

Tepelnou dehydrataci a-aminokyselin vznikaji heterocyklické ketony
(dialkylpiperaziny).

R! y o)
cH—C” R O
AN /
H,N OH
—Sno> H—N —H
HO /NH2 2o :
c—cfi /
Y . (0] R?
0] R?
2-aminokyseliny 2,5-di6xopiperazin

Zhruba od 150 C vznikaji hnédé zbarvené produkty a t€kaveé slozky (aldehydy,
alkylpyridiny a alkylpyraziny, karboxylové kyseliny, aromatické uhlovodiky, ...

Mechanismus reakci je nejasny (radikalové reakce).



- Bunheated
heated 5 h
40 Dheated 48 h
15 B heated 96 h L

i heated 196 h

8

N
o

AR AT AL O A A TR RN,

Mole Percent
[N
wn

-
(2]

10

[ B 'it A1, 2, 18 iz i
W \’e\) 9 P?’eoy\\:(b o® Pg? G\,\)‘x‘?‘,@ ??,0 £ ?\,\?« <«

Amino Acid

FIGURE 3—Relative abundance of amino acid (mole percent) from unheated bone and bones heated for 5, 48, 96, and 196 h in the dry
heating experiment.
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FIGURE 4—Relative abundance of amino acid (mole percent) from unheated bone and bones heated at 100°C for 10, 24, 60, 96 and 200 h
in the wet heating experiment.



Pyrolyza proteinu
kosti

Tepelna degradace kosti miaze byt
odhadnuta na zakladé poméru C/N,
koncentrace NH4 a poméru Gly/Glu.

Fig.1 The weight percentage of insoluble char
in an experimentally heated bone series. Bone
specimens were freezer-milled and decalcified
with 15% EDTA. Protein was solubilized and
removed by hydrolysis in 6 M HCI at 100° for
two days. The insoluble residue, consisting of
lipids (below 200°C) and char, was washed,
recovered, lyophilized and weighed. Carbon-
ized char is seen primarily in specimens heated
to 300-500 °C, and is responsible for observable
blackening.
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FIGURE 1—Yield of collagen (A) and non-collagenous proteins (NCP,
B) extracted from unheated bone and bones heated at 100°C for up
to 290 h in the wet and dry heating experiments.
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Pyrolyza proteinu kosti

koncentrace NH,
a
pomeér Gly/Glu
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Figure 1. Plot of relationship of amino acid nitrogen content (N %)
and ratio of glycine and glutamic acid (Gly/Glu) i total hydrolysate
of bones from Unit 8 at CA-LAn-43, the Encino Village site (laken
Irom Taylor et al., 1989).

Table 2. Application of Giy/Glu and NH, criteria to identify thermallv-altered bone from Mancos SMTUMR-2346

Visual Gly/Glu Analytical
Context* characterizationt ratio NH, (%) characterization
B7 unburned 3-63 2:40 unburned
B8a burned 2:20 20-49 ‘ burued
B8b burned 2:52 2311 burned
Béc burned 3-08 16-84 burned
BY unburned 396 342 unburned
FA2 burned 1-5] 12-91 burned
FS19 unburned 4-33 353 unburned
FS30 unburned 4-18 315 unburned

40+
|
0 Non-collagen-like
§ -
"o *
o ook ®
7 20
®
r .
»
10~ Collagen-like
" " icgo
| 1 1 | I 1 |x B I T
1 2 3 4
Gly/Glu

Figure 2. Plot of Gly/Glu and NH; values for burned and unburned
bones from SMTUMR-2346, Mancos Canyon, Colorado, taken
from Tables 1 and 2. Squares designate tibial fragments (1044);
circles indicate occipital fragments (1762). Solid symbols represent
known burned samnples; open symbols represent known unburned
samples (Table 1). Crosses indicate bone samples on which Gly/Glu
and NH, values were obtained to identify thermally-altered bone
(Table 2). ’

Tahle 1. GlyIGhi and N, values of wnburned and burned bone from

Mancos SMTUMR-2346

Acc, Thermally-effected Gly/Glu

number character* ratio NH, (%)

Tibial fragment

10444 unburned 423
1044b burned 1-26
Occipital fragment

762a unburned 438
1762b burned 1-32

*Site SMTUMR — 2346 context designations: B="burial"; FA="floor artefact™; FS="foor sample”.
tEvaluation based on visual characterization by TDW.

*Evaluation based on visual inspection by TDW,

447
3711

4-83
14-32



Analyza spalenych kosternich
pozustatku
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Horeni lidského téla

W=A+P+F+M

W je hmotnost téla

A je hmotnost vody

P je hmotnost proteint
F je hmotnost tuku

M je hmotnost mineralni slozky.

1. Odpareni vody (endotermni
reakce)

2. Spalovani tuku (exotermni
reakce)

3. Spalovani proteinli (exotermni
reakce)

4. Spalovani paliva (exotermni
reakce)

Experimenty se spalovanim kosti zbavenych mékkych tkani maji pro interpretaci Zarového ritu velmi

omezenou hodnotu !!



Obsah vody v téle
a teplotni gradient

Zpomalené hoteni tkani s vysokym
obsahem vody.

Tkarn Obsah vody (%)
kostra 22
tukova tkan 30
kaze 70
svalstvo 75
micha 70
bild hmota mozkova 70
Seda hmota mozkova 86
krev 80
jatra 70
ledviny 83
plice 79
srdce 79




a b

A forenzni ptipad

B pohiebisté Endingen, merovejske obdobi

Kratkodobé pusobeni vysoke teploty, shorely
pouze partie s nizkym obsahem vody. Patrné

dusledek poZzaru.

a5m

-4l =

1]



Exponované Casti skeletu z hlediska obsahu vody v mékkych tkanich.

Dorsal View Dorsal View

Palmer View Palmer View

DIRECTION OF BURN DIRECTION OF BURN
BN | e
First to Burn _>— Last to Burn M T First to Burn _>. Last to Burn

Site of Early fracture




Knotovy efekt

Béhem horeni knotu se sviCka se tavi a vznikla kapalina je kapilarnim jevem
nasavana do knotu, kde hofi. Lidské télo obsahuje velké mnozstvi tuku, ktery se
zacne tavit, je nasavan obleCenim, které tak funguje jako knot, a udrzuje horeni.

Na rozdil od predchoziho mechanismu jsou exponovany partie s vySSim obsahem
tuku. Tento mechanismus byva spojovan s jevem ,spontanniho uhoreni“ (SHC).

Distribution of Subcutaneous Fat in Males and Females



Smrt hrabénky von Gorlitz

1 13.6.1847 , Darmstadt: v komnatach nalezeno ohorelé télo

Plvodné podezieni na spontanni samovzniceni (SHC), pozdé&ji prokazan
kriminalni Cin (vrahem byl sluha Johann Stauff). Jako expert se na
vySetrovani podilel chemik prof. Justus Liebig.

Justus Liebig



Zbarveni kosti

Temperature (°C)

300
200400
600
800

Color Effects

Black color of cortical bone

Ultrastructural orientation of collagen fibers is well preserved

Gray color indicates a leaching out of the organic portion

White color of bone

Burnt Bone Colour Index

25'C

100°Cp2sC

300°C|a25’C 600°C|625°C

T00°C|725°C

BOO°C

B25'C

800°CH

2.5Y8n

2.5Y7I3 10¥YR7/G 10YR210 N2/0 10YR7/2 2.5Y5M N9/0 NS5/
Revised Temperature
Stage of Transformation Evidence Range (°C)
Dehydration Fracture patterns; weight loss 100-600
Decomposition Color change; weight loss; reduction in 300-800
mechanical strength; changes in porosity

Inversion Increase in crystal size 500-1100
Fusion Increase in mechanical strength; reduction in 700+

dimensions; increase in crystal size; changes
in porosity

N9.5/0



Transmittance

500

400
300

200

900

I ! I ' I
950 600 650

Wavenumber / cm™

70C

Absorbance

3900 3400

Temperature (°C)

300-500
600-700

=700

>800

<

--------- Calcined
— -+ Charred

——Unburned

«

Organics

2900 2400 1900 1400 900
Wavelength (cm-1)

Effect

H,O removed from nonmineralized portion.

Organic carbon burnt to CO, and eliminated from
bone.

H,O removed from apatite crystals; CO,
formation.

Physiological hydroxyapatite changes to
B-tricalcium phosphate;

Shrinking 30% due to recrystallization and crystal
fusion.

400
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Spalene kosti

Krava (hnéda kost) Krava (bila kost)

Burnt Bone Colour Index
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NO.50 NO.S0
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Stupen spaleni

Zbarveni

Dokladal 1999 Holck 1997
Krava (hnéda kost) Stupen 11 Stupen 1
(£ 300°C) (cca 300°C)
Krava (€erna kost) Stupen 11 Stupen 2
(£ 400°C) (cca 400°C)
Krava (bila kost), Stupen V Stupen 3 resp. 4
prase, ovce/koza (up to 750°C) (up to 800°C)

Munro et al. 2007

Walker et al. 2007

Krava (hnéda kost) 250 -300 °C cca 250 °C
Krava (¢erna Kkost) cca 350 °C 350 - 400 °C
Krava (bila kost), >700°C cca 900°C

prase, ovce/koza




Krava

Vliv vysoké teploty

Redukce OH pasu mezi 3600 -2600 cm™?

h¥

Redukce uhli¢itanového pasu (1459-1410 cm1)

pN Novy pas B-trikalcium fosfatu cca 1090 cm™

Novy pas B-trikalcium fosfatu cca 655 cm™

N

Pasy odpovidajici organické slozce kosti: C-H
(2920-2950 cm™?t) a C=0 (1700 cm™1), resp.
pasy N-H a O-H (3600 -2600 cm?) a C-O
(1459-1410 cm™%; superpozice s pasy
uhli¢itanu).
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Teploty

Krava:

Prase a ovce/koza:

infracervené

odhadnuté z
spektrometrie (FTIR) odpovidaji teplotam
odhadnutym ze zbarveni a stupné spaleni.

800-900 C
900 - 1000 C.

Absorbance (a. u.)

Absorbance (a.u.)

Absorbance (a.u.)

1042
3
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Oxidace

Chemicka oxidacni Cinidla (KMnO,, O,, H,0,)
Fotooxidace (UV zareni + O,) — volné radikaly
Radiooxidace (radioaktivni UV zaeni + O,) — volné radikaly

HaN OH
HzN COOH Hzﬂ COOH qu [LOOH HzN\ [COOH N Lo
CH cH
C CH

CHz CH; CH; CH; 2 oH
di-Tyr Phe O-Tyr

Fig. 6. Oxidation of Tyr to di-Tyr. Fig. 7. Oxidation of Phe to o-Tyr.

Oxidace Tyr na di-Tyr Pro vznik volnych OH radikalu je nezbytna pfitomnost vody !!!

Oxidace Phe na o-Tyr

Oxidacéni reakce mohou byt katalyzovany pfitomnosti kovu.
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Zloutnuti viny

Fotooxidace tryptofanu a tyrosinu
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Oxidace methioninu
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Figure 4 Infrared spectra of (1) an untreated wool
fibre and (2) a wool fibre showing oxidation of
disulphide bonds through the formation of cysteic
acid (-SO, ), cystine monoxide (-S(0)S-) and
S-sulphonate (-S-SO, ) after 99 days in the
water-copper system.

Koberce z muzejnich sbirek z Madarska
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Fig. 1. Oxidation
conditions.
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Fig. 2. Age estimation of wool based on methionine and tyrosine content.



Oxidace cysteinu a cystinu

—§—§— -» —SH-+HS— —> —S—S—

sulfhydrylové
skupiny
| " |
CH—CH,—S—S—CH,—CH disulfidicky mustek
| v |
—S0—-5— sulfoxidsulfid
|
—~S0-50-— disulfoxid
B
—S0—-S0,— sulfoxidsulfon -
|
—80,—S50,— disulfon

—SO,H HO,S— . sulfoskupina (cysteinova kysehna)



Fotooxidace
a datovani

Cysteic acid Cystine

]
&

14 —— Cysteic acid ~—+— Cystine —*— Cysteic acid/Cystine
3 Fig. 1. Age estimation of wool based on cysteic acid and cystine content.
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Koberce z muzejnich sbirek z Madarska



Hedvabi

The First Ladies Hall in the Arts and Industries
Building (Smithsonian Institution, Washington)

Tyrosine (pmol/ug)
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Fig. 6. The amounts of tyrosine and serine recovered
from the artificially aged modern habutae and the
naturally aged fabrics in the First Ladies Collection

Table 3 The ratios of glycine to several amino acids recovered from old kimono lining fabrics and artificially
aged silks: average (standard deviation)

Gly/Ala Gly/Ser Gly/Asx Gly/Glx Gly/Tyr
Control modern
silk 1-49 4-10 23-76 35-56 7-94

Naturally aged

Meiji 1-52 (0) 4-25 (0-03) 28-52 (0-62) 38-58 (0-32) 9-66 (0-31)
Taisho-Showa 1:53 (0-01) 4.23 (0:05) 27-47 (1-03) 37-23 (1-28) 9-43 (0-30)
Artificially aged*

Indoor sunlight 1-49 (0-02) 4-19 (0-09) 26-22 (1-30) 35-95 (1-06) 8-98 (0-85)
Outdoor sunlight 1-49 (0-01) 4-30 (0-21) 27-98 (2:97) 37-76 (1-56) 10-84 (3-08)

*Adapted from [12]; exposures ranged from 100-1000kJm 2.



. Habutae

i Jackson’s
.- Satin

Hayes
Satin

Degradace fibroinu

Nixon's
Satin

Picomoles
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Amino Acids
5 - ' ' T Fig. 5. Diagram showing amino acid profiles for
[ . ] three First Ladies fabrics compared to modem silk
- ’ habutae
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Degradace vlasu

o-Tyr a di-Tyr jsou parametry ataku volnymi OH radikaly, zdroj OH = voda
karboxymethyllysin (CML) parametr glykoxidace
Glu — parametr degradace proteinu ve vlasech

D/L nar(sta s ¢asem, vysoka hodnota u Otziho — dlisledek UV nebo

ionizujiciho zafeni (Ginger ma zhruba pfi stejné degradaci (Glu, CML) a stafi
zhruba polovi¢ni D/L). Pro racemizaci je nezbytna pfitomnost vody.

Recent Koptské hroby cca 1000 Mumie, Ginger Otzi
(n=10) BP (n=10) cca 3000 BP cca 5200 BP cca 5200 BP
(n=10)
4trans-Hyp D/L 0,037 + 0,012 0,190 + 0,063 0,310 + 0,052 0,32 0,59
di-Tyt/Tyr 0,43 £0,21 0,89 1,73
o-Tyr/Tyr 0,043 + 0,032 0,108 + 0,054 0,18 £ 0,072 0,22 0,59
CML/Lys 0,029 £ 0,013 0,12 £ 0,043 0,24 + 0,049 0,41 0,31
Glu 26,3+39 25,033 149+33 16 12




Tvorba mustku (,,crosslinks®)

Pricné vazby mezi fetézci proteinu.

Prirozené (stabilizace sekundarni struktury, patologické procesy)

Umeélé (zpracovani kize, mumifikace, vliv uloZzného prostredi)



Pricné mustky v
kolagenu

Kovalentni intermolekularni
mustky (cross-links) zajistuji
stabilitu a mechanickou pevnost
kolagenové matrice kosti.

ENZYME (LYSYL 0XIDASE) CROSS-LINKS

(a) SKIN COLLAGEN

Ye—onreurouon Lysylaidehyde
+ hydroxylysine
_mr“rm‘.ﬁ=n.-—.qu‘-£—u|.—m.—c( deH-HLNL
T T P’T_—’-——’ >c A
— + histidine
T I
I P
I )c—us—ﬂg—eu. —u—uﬁ,—t—m.—ac,—r{ HHL
N
]
g
(b) BONE COLLAGEN
}c-mpqmap Hydraxytyeyt ety
+ hydroxylysine
3“‘ Huw
. /
. N + hydroxylyeyl sidehyde + lysy! aldshyds
Jﬁ_ﬁ-_ ~H-
{ >=—w.—m. sonicf
—0H
P Y PN
WM Mumm

Fig. 4. Nature and proposed location of the enzyme mediated cross-links in (a) skin. Lysylaldehyde
forms the immature cross-link deH-HLNL, which then matures to HHL. (b) bone. Hydroxylysylalde-
hyde forms the immature cross-link HLKNL, which then matures to the pyridinolines and the pyrroles.
In skin collagen, the telopeptide lysines are not hydroxylated, whilst on bone collagen, they are about
50% hydroxylated, and in articular cartilage collagen they are 100% hydroxylated, leading to different
mature cross-links.



Nuraghi

Sardinie (1500-1200 BC), populace je nazyvana podle megalitickych monumentu -
pohfebist. Kosti byly velmi dobfe zachovalé. Mastky byly sledovany na fezu kosti a
zubu mikroskopii v polarizovatelném svétle a po dekalcifikaci a hydrolyze vzorku

byly kvantifikovany metodou HPLC.

Kosti Nuraghic Modern
(mol/mol kolagenu) (mol/mol kolagenu)
Redukovatelné dehydro-dihydroxylysinorleucin 0,07 £0,01 0,42 + 0,06
(deH-DHLNL)
dehydro-hydroxylysinorleucin 0,18 £ 0,04 0,30 £ 0,06
(deH-HLNL)
Stabilni Pyridinolin (Pyr) 0,05 + 0,02 0,25 +0,08
Deoxypyridinolin (d-Pyr) 0,025 £ 0,014 0,040 £ 0,015
Dentin Nuraghic Modern
(mol/mol kolagenu) (mol/mol kolagenu)
Redukovatelné dehydro-dihydroxylysinorleucin 0,16 + 0,05 0,72+ 0,16
(deH-DHLNL)
dehydro-hydroxylysinorleucin 0,13 £0,03 0,23 £ 0,06
(deH-HLNL)
Stabilni Pyridinolin (Pyr) 0,095 % 0,005 0,35+ 0,05
Deoxypyridinolin (d-Pyr) 0,002 £ 0,001 0,08 0,02
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Zatézkavané hedvabi“

pro zvyseni jeho hmotnosti po degumovani
(odklizeni = zbaveni sericinu)

w

Transmittance

C
4000 3500 3000 2500 2000 1500 1000 500
‘Wave Number cm

Fig. 5. Infrared spectra of unweighted and weighted silk fabrics. A: unweighted new; B:
tin weighted; 60 years old; C: chromium weighted, 80 years old




Mineralizace
textiinich viaken

Mineralizace vlaken vysrazenim
médnatych soli z koroznich produktu
ve strukture vlakna.

v

Tyto soli maji biocidni ucinky.

Pokud ionty katalyzuji rozklad viakna
(celuldza), vznikaji pseudomorfy.

Charakter krystalizace je ovlivhén
pH a Eh = Pourbaixovy diagramy

%Transmittance

;\I\ \ j /\\ [{\
S UARANTAVAN
1500 1400 1300 1200 1100 1000 900 800

Wavenumber {cm™]

Figure 7 Infrared spectra of (1) an untreated
cotton fibre, (2, 3) two areas from a highly mineral-
ized seventh-century B.C. fibre, and (4) malachite,
Cu,CO,(OH),. The archaeological sample clearly
shows the presence of both a cellulose component
and the copper mineral.



Natron obsahujici kyselinu boritou

HO, OH OH

B-0 f : I
/ N\ -H,0 OH _
o, BO0H «— B — B

B-0 / \ l
He Hoo YoH  HO gyOH

Fig. 1. Trigonal planar and tetrahedral structure of boric acid.

Comparison of sodium and borate content as well as alkatine phosphatase activity in bone samples of Pharaonic Egypt derived from different excavation

sites
Historical period Sample Excavation Sodium Borate Alkaline
site (pmol/g {pmol/g phosphatase ° ey , .
b o) wwwe  Tvorba esteru kys. borite, které protein
Contemporary autopsy 306 0 352.0+32.0 e .,
Pulensic pesiad . No. 17668 - s 58203 stabilizuji.
Old Kingdom w5241° Giza 335 0 0.7+0.03
w9257° Giza 1231 0.95+0.10 14.8+13
W9259" Giza 397 0 3.5+05
W9260° Giza 1120 0.2520.05 4.410.1
W9261° Giza 1498 1.15+0.05 54+02
W9307° Giza 354 0 0
W9323° Giza 468 : 0 0
$15803° Gebelein 227 0 0
Inv. No. 3052° Giza nd. 0 0
Inv. No. 3114° Unknown nd. 0 0
Inv. No, 14702° Unknown nd. 0 0

Glycoprotein Borate bridged alkaline phosphatase

Fig. 6. Proposed borate-bridged alkaline phospt oli;



Balzamovani

USA)

TORMALDEHYDE]

CBEAUTIFIRS INSIDE ®:OUT

20. a 21. stoleti
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Reakce s formaldehydem e

H” H

Reakci volné aminoskupiny proteinu s formaldehydem vznika Schiffova baze. Tato
reakce se uplathuje pfi konzervaci anatomickych preparatt formalinem (35-40 %
vodny roztok formaldehydu). Téz balzamace (USA)

NRoH + CHp(OH), ——>  RoN-CH,OH ——> R,N-CH;-NR;
0 0 0 0

I Il Il ]
RC - NRH + CH,(OH), ——>» RC-NR-CH,OH —> RC-NR-CH,-NR-CR

©
ANH, + CHy(OH) ——> RNH-CH,0H —23-» R-NH = CHO+ RSH

NOR-

M y
RNHCH,—O—CH,RNH 4 0% RNH - CH, - SR

NH, + CHy(OH); + O

T
—_—Z—0
mU——TumDo
moOr»xXZ—r

—_ NH—CHo—

1l
—_ — ) —
mO——T0mDo
moO>rrxXZ—1r



Galalit (uméla rohovina) byl objeven roku 1897 a v roce 1899 patentovan
Adolphem Spittelerem a Wilhelmem Krischem. Roku 1900 byl pfedveden na
pafizské svétové vystavé. Rika se, Ze na podatku vieho byla kocka zapomenuta
v laboratori, ktera prevrhla lahev s formalinem do své misky s milékem.
Pravdépodobnéjsi je pokus o vyuziti konzervaénich vlastnosti formalinu proti
degradaci kaseinové hmoty. Tento material znamenal prevrat v knoflikarskem
prumyslu moznosti riznych strukturalnich efektl a moznosti imitovat celou fadu
material(: rohovinu, Zelvovinu, slonovinu, dfevo, apod. Ve 30. letech byl rovnéz
pouzivan pfi vyrobé Sperku, per, drzadel destnikd, kuleénikovych kouli a klaves
(nahradil slonovinu), aj. Galalit je nehoflavy a da se snadno lestit. Svoji porozitou
je idealni pro barveni. Nelze ho tavit, vyrabi se ve formé& desek a trubek k
mechanickému opracovani.




Reakce s glutaraldehydem

Y (CHO CH = NR
' ¥ C(CH5)oCH ¥ +RNHy——>» C(CH,)»CH
- —In - —n

CHO CHO

l |
CHO(CH,)3CH % C(CH,),CH % C(CH,),CHO + NH2
e —n

CHO(CHy)3CH = CG(CH,),CH % C(CH,),CHO
—In
CH CH <
/4




N 14 A AL N1
,Lidé z bazin
Tvorna Schiffovych bazi s 5-KMA

Oy OH
o) @]

H R OH = OH R OH
HO

Fig. 6. 5-Keto-D-mannuronic acid (5 KMA) in its hemiketal (pyranose) ring
form and its highly-reactive keto- (furanose) ring form. In sphagnan, both
forms are glycosidically linked through positions 1 and 2, and some of the
pyranose units are additionally linked through position 5 (Painter, 1983a,
1998; Andresen et al., 1987).

Muz z Grauballe (Dansko)




Lidé z bazin®

Muz z Tollundu (Dansko)

Muz z Lindow (Velka Britanie)



Trisloviny

Hydrolyzovatelné: H-mustky

' OH
oo
COOH

kyselina galova

a) vodikova vazba

- o

|
HN---HO
R—CH

b) kovalentni vazba

Vazani tiislovin probiha hlavné interfibrilarné.

Kondenzované: kovalentni vazba

COo—0 OH
/ \_/
[\ /
HO O—O0C

kyselina elagovd

o9 z

oo @@

@@@.—\@

flavan-3,4-ol

HO OH
73
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hydroxystilbén



Datovani pergamenovych svitku

70 |'
DATING OF DEAD SEA
SCROLLS ON
ARCHAEOLOGICAL AND
PALAEOGRiAPHIC’GHOUNDS
sof L
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AGE IN YEARS

A: anglické pergameny (1193-1955 AD)

B: pergameny z jeskyni Vadi Murabba’at (2. zidovské povstani, 132-135 AD)
C: fragmenty pergamenu z jeskyné 4, Kumran

D: fragmenty egyptskoaramejského dopisu (5. stol. BC)

E: kozeny pasek k upevnéni sekerky, Egypt (1300 BC)



Maillardova reakce

= neenzymaticka glykace

Potravinarstvi
Medicina

,Molekularni paleontologie”

Nejvhodnejsi podminky:
Vyssi hodnota pH

Nizka vlhkost
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Obr. 46 Schéma Maillardovych reakei

A - p-aminokyselina; B — aldosa; C - dioxopiperaziny; D - dikarbonylové slouceniny;

E — 5-(hydroxymethyl)-2-furaldehyd; F —aminy; G — karbylaminy; H - Schiffova baze
5-(hydroxymethyl)-2-furaldehydu; I - aldosylaminokyselina; J - Schiffova baze; K — Streckerovo
odbourdvani; L- acetol a degradacni produkty cukra: M - enolformy acyklickych
aldosylaminokyselin; N - tautomer Schiffovy bize; O — alkylpyrrol; P— derivaty imidazolu;

0 — deoxyoxosaminokyselina; R - disubstituovana deoxvaminokyselina: S — derivity furanu:

T- N-(2-furoylmethyl}-aminokyselina; U - Streckerovy aldehydy; V- pyrrolové derivaty;

W - alkoholy; X - kyseliny; Y- aldol; Z - fruktosaminy; 44 - pyrazinove derivaty;

BB — melanoidiny aj. polykondenzaty



Maillardova
reakce

Kondenzace cukru s aminem

Amadoriho presmyk
(glykosylamin na ketosamin)

Dehydratace cukru
Fragmentace cukru
Streckerovo odbouravani
Aldolova kondenzace

Aldehyd-aminova kondenzace

Protein Amino Groups Sugar
HO. O

F>w o+ ] ).
_ _ ﬂ HO “‘\,\ Dicarbom
~.. Dicarbon
Schiff Bases -
. C : >N OH 4+ s il
\\ ’f Hzo , ) Eo
Y /l./‘ /’/‘-
. /
Amadori Products u 7 f,u-“

-
-
. '(f

o

|

——— (Dihydro)-imidazolones

e

o .
NH Q o
\L{/ d

AGEs < Cross-tinks CML, CEL
Pentosidine Other
Crossline AGEs
Imidazolium

Scheme 2. Pathways of non-enzymatic glycation. Physiological con-
centrations of monosaccharides can react with protein amino
groups. Some of the most prevalent products of these covalent
reactions is the formation of (dihydro) imidazolones by the reaction
of 3-deoxyglucosome or methylglyoxal with Arg, generation of
N-carboalkyl derivatives of Lys as N *-(carboxymethyb)lysine (CML),
N*(carboxyethyDiysine (CEL) and pentosidine, crossline and imi-
dazolium cross-links. They are formed via the so-called Maillard
reaction, where the e-amino group of Lys or the amino acid
terminus of a protein reacts with a reducing sugar. The formation
proceeds via oxidative cleavage of Schiff bases or Amadori products,
or from dicarbonyl compounds under non-oxidizing conditions.
Broken lines represent attachment of the residue to the peptide
backbone and large ellipses symbolize protein.



Pricné mustky ,crosslinks”

(a) LYSINE SIDE-CHAIN MODIFICATIONS

GLYCATION CROSS-LINKS O0H OOH H
I HC—CH, fye
A1 NH NH HOCH N.
I pooop B0
. .
AN
e ¢ N\ V. V4 ‘i"
R, N
g
Carboxymethyl- Carboxyethyl- Lactato- Pyrraline
lysine lysine lysine
(b) ARGININE SIDE-CHAIN MODIFICATIONS
_CH,OH .
(a) (b) _CHOH
CH,OH o*ﬂ}l} 0§ ~CH, 0‘§ (iﬂ,C]'loﬂ HC X CH,
He-oH +* + +
\?/ HC-OH mc’m’ J‘\ HNy, _-NH HNYNH HNy, ~NH I'INL N
w |4, 5 f :u -»- Y Y
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LN A ', LN IMIDAZOLONES
2x Lysine :(::U m L, Arginine Pentosidine
(
VAN s s
Glyoxal- Methylglyoxal- 3-deoxyglucose- Argpyrimidine
Amadort Product arginine argin nz y nrginineg LA

Fig. 7. Glycation-induced intermolecular cross-linking and suggested possible locations linking molecules
through the triple helical regions, in contrast to the telopeptide regions involved in enzymic cross-linking.
(a) Putative imidazolone cross-links derived from lysine and glyoxal (GOLD). (b) Pentosidine cross-link

from ribose, lysine and arginine.

Fig. 8. Reactions of glucose and its metabolites, glyoxal, methylglyoxal and 3-deoxyglucosone with (a)
lysine and (b) arginine in the formation of non-cross-linking AGEs. The consequent alteration of the
charge profile of the collagen and elastin molecules leads to changes in the cell-matrix interactions.



} Equation: y = 0.046x + 0.005 .|
54 r=2083p<0.001:n=18 -

Pentosidin

gmol Pentosidine/moi Lysine
[ ]

AGE ,advanced glycation endproducts®

0 . : . I —
0 20 40 60 80
Age (years)
Figure B. Age=depandent a lation of pentosidine in husan lens
proteins. - i .
Lysine
\ s
CARBOHYDRATE [021—> > )I\ I
+ 2
HN N N
Dicarbonyl Sugar [THah {Tﬂzh
Amadori Compound &H H
H=J¥ODH H,ABOH

PENTOSIDINE

FiG. 1. Generalized pathway for formation of pentosidine.
In addition to arginine and lysine, this scheme includes several
possible carbohydrate precursors of pentosidine identified in this
study. Oxygen is required for the formation of pentosidine from these
precursors.



| Amino acid modification
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Figure 3 Arginine and (hydroxy-)lysine content of articular cartilage
collagen decrease with age

Arginine (@) and (hydroxy-)lysine (O ; sum of hydroxylysine and lysine) content of cartilage
collagen as a function of age. Normal full-depth femoral condylar cartilage of 33 subjects in the
age range 2.5—-103 years was analysed; data are expressed as mol of residues/mol of collagen,

assuming 300 hydroxyproline residues per triple helix. Linear regression analysis was
performed on all data.
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Figure 1 AGEs in articular cartilage collagen increase markedly with age

(A) Levels of the initial glycation product FL in cartilage collagen; (B—D) levels of the AGES
CML, CEL and pentosidine in cartilage collagen as a function of age. Normal full-depth femoral
condylar cartilage of 33 subjects in the age range 2.5—103 years was analysed; data are
expressed as mmol of residues/mol of lysine. Linear regression analysis was performed on all
data for FL and on data > 20 years for CML, CEL and pentosidine.



Maillardova reakce
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Fig. 3. Compounds identified as intermediates in the Maillard reaction between D-glucose and glycine under mildly acidic conditions (Olssen et al., 1978).



Maillardova reakce

Fig. 1. Light microscope photographs of cross sections cut through the ancient propagules from Qasr
Ibrim, Hordeurn sp. (A) and Raphanus sativum (B), compared with those of their modern counterparts
(C and D). The shrinkage of the ancient specimens, most evident in (A), is the result of desiccation. The
darkening of the internal storage tissues provides visible evidence of biomolecular decay through the
Maillard or browning reaction. Evidence for this reaction occurring within the propagules comes from the
characteristic volatile compounds released upon crushing and shown in Fig. 2.
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Fig. 2. Partial desorption headspace GC-MS total ion chromatograms for the volatile compounds
trapped in the ancient propagules (A) radish (Raphanus sativum) and (B) barley (Hordeum sp.). The
structures of the alkyl pyrazines and alkyl polysulfides, characteristic of the Malillard reaction and referred
to in the text, are shown adjacent to the peaks on the chromatogram. The range of aliphatic carbon
compounds (annotated on the chromatograms with their chain length) refers to alkan-2-ones (&) and
n-alkanals (O) formed through lipid oxidation.



Racemizace aminokyselin
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Racemizace

Pocet chiralnich center
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Spontanni racemizace

In vivo (tkané s pomalym metabolickym obratem)

Post mortem

racemization

Protein Age

Fig. 3. Estimation of in vivo lifetimes of proteins based on the relationship between age and the extent
of aspartic acid racemization: Proteins with high turnover (dotted line) do not exhibit an accumulation
of modified D-aspartic acid residues with age. Proteins with longer half-life and low turnover (dashed
line) can exhibit an accumulation of D-aspartic acid that is not strictly age-dependent because of the
existing turnover. An equilibrium between accumulated D-aspartic acid residues and L-aspartic acid
residues of newly synthesized proteins may result in elevated D-aspartic acid concentrations at a constant
level. Only in permanent proteins without any turnover (solid line) the concentration of D-aspartic acid
increases with age in a predictable manner.

Jga= konstanta

RovnoviZny stav tekutiny ve vodn! nidr¥i miZeme vypolitat velmi
snadno. PHsluiné velitéiny a vztahy: Jpa — rychlost pitoku (zde je
konstantnf), Jap ~ tychlost odtoku, Vo - objem vody v nddrice,
k - konstanta odtoku.



Spontanni racemizace

d(L)
— —— = k(L) — kp(D
dt L( ) D( )
- .
L-aspartic acid = D-aspartic acid,
kasp
I + D/L | +D/L
1n(————) =ln(—-———~) + 2k t
1-DJ/L/, 1-D/L/ - L
+ ) + i i
HyNa_  ..COO H,N._=_CO0 00C-.. _sNH,'
L - c - C
| "H _— I — H |
R R R
L-Amino acid Planar carbanion D- Amino acid

ScHEME 1. The mechanism of amino acid racemization showing the formation of the
carbanion intermediate. Base abstracts the a-proton; this is the rate-limiting step in the
reaction. Readdition of the proton occurs by the reaction of water with the carbanion. This
mechanism is applicable to both free and peptide-bound amino acids.



Spontanni racemizace

0.8

Phe

D:L amino acid

0.0 0.2 0.4 0.6 0.8
D:L Ala

Figure 1. Comparative rates of racemization for different
amino acids from mollusc shells during artificial diagenesis
plotted against D:L ratio of alanine (Ala). Note that unlike
methionine (Met, solid squares), proline (Pro, solid circles)
and phenylalanine (Phe, open circles), the rate of increase of
Asx (4) is not linear with respect to Ala, but is distorted by a
rapid initial phase (data from Goodfriend & Meyer (1991)).

In Vivo RACEMIZATION OF SERINE AND ASPARTIC
AcID IN DENTIN AND THE OcULAR LENS NUCLEUS

IN HUMANS
Age
(years) D/L Ser D/L Asp®
Dentin
8 0.06 0.020
30 <0.01 0.033
42 0.03 0.045
60 <0.03 0.060
Lens nucleus
16 0.07 0,079
41 0.08 0.109

Note. The estimated uncertainty of the /L Ser ra-
tios is ~*15-20% while for the D/L Asp ratios it is
+5-10%.

15 P
10
g
4
g o
a
.
u/ [+]
/o
o
/Q/
. . L .

HEATING TIME (HOURS)

Figure 1. Formation of D-serine in chicken muscle (O) and BPA
(D) heated at 121 °C.



Spontanni racemizace

o
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=1 )
o o \ ZT
L-asparaginyl L-succinimidyl \ L—aspgrfyl
g

D-isoaspartyl

Figure 5. The conventional mechanism of the Asn racemization re-
action at neutral or basic pH [16].
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FZd Kirsp N P Kirap N
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| LiAspiagp.cly | | D iAsp; s g.Giy | \ LiASP pgpxax ‘ l D iAspagp. xxx 1

Figure 4. Model for racemization of Asx and decomposition of Asn as peptide-bound residues based upon Geiger & Clarke
(1987). The model is divided into two components, the lefi-hand side represents fast racemizing Asx-Gly residues, which account
for almast half of the residues in collagen. The right-hand side combines all the ather residues in a ‘slow’ fraction (see tahle 2).
Kinetic parameters for deriving rate constants are given in table 3. Note that the model daes not include hydrolysis of peptide
bonds which will become a significant feature of Asx decomposition aver archaeological time-scales
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1. Racemization, isomerization, and deamidation of peptide bonded aspartate (Asp) and asparagine (Asn) residues. Dehydration of Asp residues produces a
succinimide intermediate, which can racemize and isomerize (labeled arrows). Isomerization results from hydrolysis of the succinimide ring below the cyclized
nitrogen bond. Succinimide intermediates are ~2-3 times more likely to isomerize than reform the native a-Asp conformation [22] (bold arrows). Deamidation of Asn
can also lead to formation of a succinimide intermediate and subsequent racemization and isomerization.




Racemizace indukovana zarenim

uv
rtg

radioaktivni
—_— OH ___ o

OH

Racemization through keto-enol mechanism

HN)YO/DHN)\( \_}

Racemization through a radical-anion mechanism during radiolysis

Table 1 Extent of aspartic acid racemisation in brunnescent cataracts

p/L-aspartic acid
Observed

Age (yr) Expected*
57 0.127
76 0.150
77 0.151
80 0.155
89 0.166

0.203
0.296
0.268
0.283
0.262

*The expected ratios were calculated from equation (1) using the ’

age of each individual.
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—
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Age({yr)

Fig. 1 Analysis of p/L-aspartic acid contents of central nucleus
samples of 17 normal human lenses.
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Enzymaticka racemizace

Mikrobialni enzymy:

Racemazy

Epimerazy

o~ + =
H ..n" N H a _ H 3N \'..l/ H
co,” co, Co, "
B
B: \ HB BH + HB BH B
R — R NH,4 — + R
2 b % 2,
H\r;_NHa % ( _ HSN\-;(H
COo, Co, "~ CO,

FIGURE 3. Mechanisms for amino acid racemization: (A) one-base
mechanism and (B) two-base mechanism.

Moznost ovlivnéni poméru DL saprofytnimi mikroorganismy !!



Enzymaticka racemizace

L-Ala + Enzyme/PLP D-Ala + Enzyme/PLP

jl

o,c.

\r';.-C Hg

FIGURE 2. The mechanism employed by alanine racemase.
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FIGURE 7. Mechanism employed by glutamate racemase.



Kontaminace

contaminant contaminants contaminant contaminants
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Figure 4. The effect of the various diagenetic reactions and processes shown in figure 3 on the amino-acid content (left) and the
amino acid D:L ratios (right) of fossil specimens. In contamination-free samples, amino acids are steadily lost from the fossil
matrix and the extent of racemization increases, eventually resulting in a racemic mixture. Contamination introduced into the
fossil could result in an increase in the amino-acid content, and lower than expected D:L ratios. Well-preserved fossils would be
expected to fall on the solid line, whereas those which are contaminated would fall on the dashed lines.



Faktory ovlivnujici rychlost racemizace

Teplota
l.2F
Voda aw i
pH 0
Phe
lontova sila o °
O Alg 4
Leu "
Val
Pro .
| | | | 1 | | |
] 2 4 6 B 10

Time (hr) ot 65°

Figure 1. Time course of amino acid racemization reactions of
casein in 0.1 N NaOH at 65 °C. The straight lines are constructed
from the least-squares fit to the 0-, 1-, and 3-h points. (O) aspartic
acid, (X) phenylalanine, (¢) glutamic acid, (0) alanine, (A) leucine,
(A) valine, (®) proline,



Pritomnost vody

V bezvodém prostredi racemizace
temer neprobiha

0.075-
3
a
é 0.050-
S .
=5 = 80% moisture
<
9 +  15% moisture
T 0.025-
c
0.000 T T T 1

0 25 50 75 100 125 150
duration of treatment (min)

Figure 5. First-order rate plots for the racemization of
aspartic acid in fish material treated at 95 °C, normal oxygen
pressure, and pH 7.0 under different moisture conditions. The
equations for the lines are Y= 0.000062 + 0.000033X (R? =
0.6413) and Y = 0.00046 + 0.00939X (R¢ = 0.9929) for 15%
and 80% moisture, respectively.

Rancho la Brea (Kalifornie, USA) — anomalné nizké hodnoty epimerace isoleucinu
(lle) — bezvodé prostredi.
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Vliv teploty 3
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Figure 10. An Arrhenius plot of published kinetics of Asx
racemization (data in Appendix A). Note that all experiments
yield broadly similar rates and apparent activation energies at
high temperatures but that (due to conformational
constraints) the rates are slower at lower temperatures
(<40°C). This is particularly true of collagen in which Asu
formation is severely restricted in the triple helix.
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Vliv deamidace
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Figure 7. First-order rate plots for the racemization of
aspartic acid in fish material treated at 95 °C, 80% moisture, 0.04 }
and normal oxygen pressure under different pH conditions. *
The equations for the lines are Y= 0.00037 + 0.00814.X (R? ¥/
= 0.9878) and Y = 0.00046 + 0.00939.X (R? = 0.9929) for pH 0.02 . N A A .
4.0 and pH 7.0, respectively. 100 200 250

Heating time(min) at 100°C

F1G. 1. Racemization kinetics of ASX in lysozyme incubated at 100°C at pH values of 4, 6, and 8.
Also shown is the percentage of inactivation (upper horizontal axis) which occurred during incubation.



dentin

p 9, 98°C
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0. 25-
— vater, 98°C
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S0.15 - water, YT
= = 9, 9T
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Fig. 1. Changes in the D L ratio of aspartic acid caused by heating in each environment. ¥, pH 9: A,
pH 4. @ water; B, dry: - . 90°C; — .. 94°C: L 0C; - . 85°C: pH 9, 98°C In{(1 + D/L)/(1-
D/L)), = 0.003796¢ + 0.0103: pH 9, 94°C, In[(1 ~ D-L)/1-D/L)), = 0.002829r — 0.0039; pH 9, 90°C
In[(1 + D/L)/(1-D:L)], = 0.001625r — 0.0111; pH 4, 98°C In[(1 + D:L)/(1-D/L)], = 0.00210: — 0.0055;
pH 4, 94°C, In[(l + DL)/I-D:L)], = 0.001500: — 0.0092; pH 4, 90°C In[(]1+ D/L)/(1-Djf
L)), = 0.000827: — 0.0036; water, 98°C In[(]l + D.L):(1-D/L)], = 0.002867t — 0.0084; water, 94°C
In[(l + D/L)/(1-D'L)], = 0.002008; — 0.0090; water, 90°C In[(1 + D:L)/(1-D;L)], = 0.001133t — 0.0081;
dry. 98°C In[(1 + D/L)(1-D‘L)], = 0.00256r — 0.0001: 94°C. In[(l + D:L)/(1-D/L)], = 0.000163: —
0.0001: dry, 90°C In[(1 — D'L)(1-D Lj],=0.000115: — 0.0001: dry. 85°C. In[(1 + D/L)/(1-D;
L)}, = 0.000050: — 0.0007. where 7 is the age of the dentin in hours.



Zpusob
uchovavani
materialu

Ethanol
Formalin
Neutralni formalin (pufrovany)

k(yr')
0. 000004
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FIG. 2—Comparison of racemization rates for dentin stored in each
fixative. @, 10% Neutral formalin; Q 10% Formalin; B, 95% Ethanol.
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FIG. la), b), c)}—Heating-related changes in the DIL ratio of dentinal
aspartic acid. The formula of the rate of racemization and constant of
rate (kh ') for the teeth stored in each fixative were calculated as follows:
95% Ethanol, @, 68°C, Inf(1 + DIL){(I — DIL)], = 7.3370 X 1075 +

5.0 X 1074 k = 3.6680 X 107 Q 74°C, In[(1 + DIL){(1 — DIL}],

=2.7680 % 1075 + 1.5 X 107% k = 1.3840 x 10 5; W, 77°C. In[(]

+ DIL)I{I — DIL)], = 3.8347 X 1075t + 1.8 X 107 k= 1.9173 X 107
10% Formalin, @, 77°C, in[(1 + DIL)/(1 — DIL})], = 3.9468 X 10~t +

3.4 %X 1073 k= 19734 x 107%; Q 85°C, Inf(1 + DIL)(I — DIL)],

= 1.6820 X 0% + 2.7 X 107% k = 84100 X 107%; [, 90°C, Inf(1

+ DIL)] — DIL)], = 4.4426 X 107% + 1.2 X 1073 k = 2.2213 X

1074 O 95°C. Inf(1 + DIL)(1 — DIL)], = 7.7236 X 107% + 5.6 X

107 k = 3.8618 X 107",

10% Neutral formalin, @, 77°C, Inf(1 + DIL)(I - DJL)], = 7.5500 X
107% + 5.2 X 1073 k = 3.7750 X 1075; Q) 85°C, Inf(I + DIL){(1 —
DIL)], = 3.0085 X 107% + 4.5 X 1075, k = 1.5043 x 107%; W, 90°C,
Inft1 + DIL)(I — DIL)], = 9.8792 X 10~% + 2.1 X 1072 k = 4.9396
% 107%: 00, 95°C, Inf(1 + DIL)}/(1 — D/L)}, = 1.5032 X 1075t + 1.2
X 1074 k= 7.5160 X 1074,

where t is the age of the dentin in hours.



VI iV Va Fe n I’ Table 1. Inversion Rate Constants (kasp) and Half-Life

Racemization Periods (t;;2) for Fish Material Treated
under Different Conditions

temp  moisture 02 Kasp li2
(°C) (%) pressure pH (1073 min™1) (min)
95 80 normal 7.0 0.46 1510
120 80 normal 7.0 3.39 204
95 15 normal 7.0 0.06 11159
95 80 reduced 7.0 0.43 1613
95 80 normal 4.0 0.37 1848
030 0.3
L= U :
1A ol
-2 025 5 - 70°C
3 t 0.2 s 95°C
~l- 020}~ = o
= - + 120°C
= o
| Q15— é 0.1-
o c
gjo =
+# 010}
= ; /
£ 0.0 Y —* T T 1
005 |- 0 25 50 75 100 125
. l duration of treatment (min)
| , |
./. 5 10 15 20 25 Figure 3. First-order rate plots for the racemization of

aspartic acid in fish material at 80% moisture, normal oxygen
pressure, and pH 7.0 under different temperatures. The
equations for the lines are Y = 0.00046 + 0.00939X (R? =
0.9929) and Y= 0.00339 + 0.03578.X (R? = 0.9557) for 95 and
120 °C, respectively.

BOILING TIME (h)

Fi6. 2. Aspartic acid racemization in bone (deer) during
boiling in water plotted in the form of reversible first order
kinetics T



,Mos teutonicus*

Rozvoj zejména po 2. kfizoveé vypravé. R. 1300 pokus o jeji zakaz 1300 bulou papeze
Boniface VIII.
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FIGURE 2. For a better demonstration of the relationship between corpse transport, evisceration and
excarnation in the Middle Ages, in this graph data on 40 people were added to the sample, among them
German, French and English kings and some nobles and bishops that all died between 877 and 1471.
From the 17th century onwards, evisceration in the Habsburg dynasty was not related to body transport

DOkIad ,,mOS teUtOnICUS“ or an extended time interval between death and burial
(bazilika sv. Jifi, Prazsky hrad)




,Mos teutonicus*

Pozustatky cisafe Lothara I. (1 1137) vykazovaly vySsi
hodnotu poméru D/L forem kyseliny asparagové, nez
ve srovnavacich vzorcich (pozustatky jeho Zeny
Reichenzy (1 1141) a jeho zeté, vévody Jindficha Lva
(t 1139), ktefi zemfeli a byli pohfbeni pFfimo
v Konigslutteru). Z experimentalni Casové zavislosti
racemizace kyseliny asparagové v kosti ve vrouci vodé
bylo mozno odhadnout i dobu vareni cisafova téla na
cca6h 30 min

Rok umrti D/L Asp
Postup A (4 h, 110 Postup B (4 h, 110
°C) °C)
Reichenza 1141 0,059 £ 0,002 0,028 + 0,004
Lothar I. 1137 0,090 £ 0,001 0,056 0,001
Jindfich Lev 1139 0,059 + 0,002 0,029 + 0,004

Duke Heinrich Emperor Richenza

der Stolze Lothar I (Lothar’s wife)
1139 137 14l
. 1. Photograph of the three medieval (12th century) burials analysed in this study. The jumbled state

of Lothar’s skeleton in comparison to those of his two relatives is due to the opening of the sarcophagus in
1620. The year each individual died is given under their name.



Vliv degradace proteinu

Hydrolysis |
._Hi._ ‘ { . _. . Transfer of am_ino acids:

Internal — Terminal — Free

&
. . . O Decrease in molecular size

Decomposition, Leaching, Metabolism

. . ‘ '* . . Decrease in amino acid
O concentration

O—e—0O

O O

¢ Racemization/Epimerization (with hydro}ysis and attrition)

- i
0 0 —0 0 & Increase in D/L ratio
&

@ Decrease in the apparent rate
@ of racemization/epimerization

® O Relative rate of

Terminally Internally racemization/epimerization
Bound > Bownd = Frec depends on position in peptide

b.

FIG. 1. Schematic presentation of protein diagnesis. (a) Proteins are hydrolyzed into smaller polypeptides, eventually
forming free amino acids, resulting in an overall decrease in molecular size with an accompanying increase in terminally
bound, then free amino acids. {b) Concurrent with hydrolysis, the concentration of amino acids may be reduced by attrition
as amino acids are decomposed into non-amino molecules, leached from the mineral matrix, or possibly consumed by
microbial activity. (c) Concurrent with protein hydrolysis and amino acid attrition, amino acids are racemized {or epimer-
1zed, in the case of the amino acid isoleucine). The ratio of b to L amino acids increases with time after death of an organ-
ism, but the apparent reaction rate, as measured in the total amino acid population, decreases as more amino acids are
exposed to terminal positions, where they racemize most rapidly, and enter the free pool, were the rate decreases (cf.
Kriausakul and Mitterer, 1978).
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Figure 4. Hypothesis of an association of the racemization of an amino acid with the degradation of the protein. a: racemization of an amino
acid inside a peptidic chain without surrounding influence nor hydrolysis; 1: physico-chemical influence which increase (or decrease) the
racemization rate; b: racemization of a bound amino acid in a closed system; 2: opening of the system: input of L amino acid or output of D
amino acid; ¢: racemization really observed (we suppose a flux of amino acid equal for all the bones).

D/L,s variability in modern and fossil bone samples

Modern Fossil*
N(%6)** DLt N(%) DLt
Total 3.3 07 +.003 (5) 007 .38 +.009 (4
Soluble 0.3 .08 + .002 (5) 003 45+ 012 Ezﬁ
Insoluble 925 07 £ .003 (5) 004 12 = .006 (4)

* Bison occidentalis, 12 Mile Creek, Kansas, 10,435 + 260 "“C vyr (GX-5812 A; apatite);
10,245 =+ 335 "C yr (GX-5812, gelatin). Ref: Rogers & Martin (1984) D

** Nitrogen content determined from amino acid composition data

t Figures in parentheses indicate number of replicate analyses



Pfeména kolagenu na zelatinu je kliCovym faktorem degradace pergamenu. Jeji
vliv na racemizaci kyseliny asparagove (Asp) — srovnani s pomeérem C:G ziskany
rtg. difrakci.

Fig.3 The index plotted against D/L Asp of
the samples analysed. For racemization
analyses, ~2-5 mg of parchment were used. .
The parchment surfaces were mechanically
cleaned, soaked in double distilled water for .3
2-3 h at room temperature and then trans- 12
ferred to 0.5 M acetic acid for 4 h at room
temperature to remove the more soluble - ]
contaminants. The samples were hydrolysed _
in redistilled 6M HCl in vacuo at 150°C for L1 Coogen
40 min. Amino acid compositions of the 10~ g3 A\
random fragments closely resemble the \ ‘
amino acid composition of collagen. After o \ T
extensive drying, the hydrolysates were \ ’ '
derivatized to N-trifluoroacetyl isopropyl 8 ; -
ester as described previously'. The samples a0l
were dissolved in ether and passed through a - \ -
“silica column (Merck, 200 mesh) in a Pasteur
pipette. The aspartic acid enantiomers were
separated by gas-liquid chromatography D-ASP from \ - Jonah
using a stainless capillary column coated with 5| 6MHClhydrolysis =~ -
N-lauroyl-L-valine  t-butylamide'®.  To : ’ .30
confirm the identity of the D-Asp peak some 4L .32 -
of the samples were also chromatographed on \ ‘,' se 7 3@ '
the corresponding D-valine phase, which g\ I mﬁ“;;’;,;?,\\ _aFsaims
showed the expected peak reversal. Where Twelve pmpw:f ‘\--—.’.__‘ = -
large amounts of D-Asp were found, trace Vo TR, Sao T ——e 9
amounts of D-alanine and occasionally D- [ : o3
leucine, were also observed. The relative o P\ ~
proportions of D- and L-Asp were measured 1 ner
by peak height. the reproducibility of the o

. o S l 1 i I I ] | l
analyses is 5-10 /o._Hgyvever, a significant Trace 0.03 0.10 0.18 0.26
portion of this variability may be due to D/L ASP
sample heterogeneity. The ratios have not
been corrected for the amounts of p-Asp

generated during hydrolysis.

6 Conteibut
Contribution of * \ s
S

C:G index

e —

|g° nis % . _
{main parchment)'f ®2 Gelatin ‘\:f;____,.—, 23'!_35/ Thanksgiving
o 3




Patologické zmeny

Pomér D a L formy kyseliny asparagové(Asp)
muze byt ovlivnén pritomnosti patologickych

zmeén tkani.
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Fig. 4. In ((1 + Ser o/L)/(1 — Ser p/L)) by age for caries-free enamel from
carious teeth and healthy teeth. Error bars represent 1st standard deviation about
the mean for multiple measurements from the same tooth.
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Fig. 3. In ((1 + Asx p/L)/(1 — Asx /L)) by age for caries-free enamel from
carious teeth and healthy teeth. Error bars represent 1st standard deviation about
the mean for multiple measurements from the same tooth.
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FIGURE 5. Pentosidine accumulation as a function of b/L-Asp for collagen
from normal human IVD compared with normal articular cartilage
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FIGURE 2. p/L-Asp in collagen obtained from normal (A) and degenerate
(C) human IVD tissues as a function of donor age. Because of an insignifi-
cant difference (p > 0.05, t test) between NP and AF of the same tissue, the
data were pooled. The similar r values for the two data sets suggest that there
is no additional contribution to the scatter of the degenerate data points due
to the pooling of tissues with different pathologies.
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parenchym (2 d). Die Gesamtgewebsproben wurden in feine Stiicke zerkleinert,
in einer 15% NaCl-Lésung und einem Athanol/Ather-Gemisch (3:1) gewaschen
und getrocknet. Zur Bestimmung des Razemisierungsgrades von Asparaginsaure
wurde die an anderer Stelle beschriebene Methodik eingesetzt (21, 24)

Abb. 2a-d Enger Zusammenhang zwischen Alter und Razemisierungsgrad
von Asparaginsdure (In((1+D/L)/(1-D/L)); D/L=D-/L-Asparaginsdure) als Beleg
fir die Existenz erheblicher Konzentrationen permanenter Proteine in der Media
verschiedener Arterien (2a und 2b), in der Leberkapsel (2 ¢c) sowie in Lungen-
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Fig. 2. Comparison between the increase in D-Asx in four collagen rich tissues, acid insoluble fraction
of dentine (Ritz et al., 1993), acid insoluble fraction of bone (Ritz et al., 1994; Ohtani et al., 1998b),
collagen preparations from cartilage (Verzijl et al., 2000) and skin (Verzijl et al., 2000). Data have been

corrected for induced racemization.
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FIGURE 1. In vitro rate constants for racemization of aspartic acid in col-
lagen molecules as obtained from different tissues. The Arrhenius plot
shows the relation between the in vitro rate constant for racemization of
aspartic acid (k;*) and the reciprocal of the absolute temperature as measured
for human ([J) and bovine (4) cartilage, bovine skin (@) (16), and human IVD
(O) (this work). Data were obtained using heating experiments as described
under “Experimental Procedures.”
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Fig. 1. Close relationship between age and the increase in D-Asx in dentine, in lung parenchyma, and in
the media of the thoracic aorta. The dentine (3rd molar root) samples were treated as described before
(Ritz et al., 1993), the other total tissue samples were minced in fine pieces, washed in a 15% NaCl
solution and in ethanol/ether (3:1), and dried. The extent of aspartic acid racemization was determined
as described elsewhere (Ritz et al., 1993; Ritz-Timme, 2000) and have here been corrected for the
racemization (0.084%) induced during hydrolysis (6 h at 100 °C), to illustrate the initially rapid increase
in D-Asx following synthesis. The data for 3rd molar root dentine is plotted relative to age of synthesis
not absolute age.
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Figure 2. Aspartic acid racemization (as p/L = p-aspartic acid/r-aspartic acid) in total tissue samples (open symbols) and in elastin preparations
(solid symbols) from (A) skin and (B) yellow ligaments (control experiment) related to age. The similarity of the data sets for the elastin
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FIG. 2—Correlation between the degree of racemization of total amino
acids obtained from the femur and chronological age.

Asp, In[(1 + D/L)/(1 — D/L)] = 0.000674t +0.0556; k = 3.3571 x 1074

Glu, In[(1 + D/L)/(1 — D/L)] = 0.000042t + 0.0084; k =2.0425 x 10~5
Ala, In[(1 + D/L)/(1 — D/L)]=0.000019¢ 4 0.0060; k = 9.4875 x 10~6
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Fig. 3. Comparison of D/L ratio for samples of cemenlum,

cnamel, and dentine of the first premolar of the

same individual. A. cementum, In[(1 4 D/L)/{l — D/L)] =

0.001836¢ + 0.0147, W, cnamel, ln[(l+ DL}(1—Df

L)) = 0.001299: + 0.0128; @, dentine, lnl(l + D/L)/(1 —
D/L)) = (L001 7500 + 0.0122.
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Fig. 2. Relation between age and D/L ratio for samples of
whole cementum. @, central incisor, la{(1+ D/Ly(1 —
DILY = 0.001765¢ + 0.0172; W, lateral incisor, (L + D/
L)l — D/LY| =0.001712f + 0.019% &, first premolur,
tnf(1 + D/L)(1 — D/L)] = 0.001836c + 0.0147; @, seccond
prematar, Inf(1 +D/L)(1 — D{L)] = 0.001 770 +0.0159,
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FIG. 3—Correlation between the degree of racemization of amino acids
in the acid-insoluble collagen-rich fraction (IC) obtained from the femur

and chronological age.

Asp, In[(1 + D/L)/(1 — D/L)] =0.000518t + 0.0533; k = 2.5880 x 10~4
Glu, In[(1 + D/L)/(1 — D/L)] = 0.000047¢ + 0.0077; k = 2.3651 x 10~°
Ala, In[(1 + D/L)/(1 — D/L)] = 0.000017t+ 0.0057; k =8.5370 x 106
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FIG. 4—Correlation between the degree of racemization of amino acids
in the acid-soluble pepiide fraction (SP) obtained from the femur and

Asp, In[(1 + D/L)/(1 — D/L)] = 0.002712t + 0.0446; k = 1.3558 x 103
Glu, In[(1 + D/L)/(1 — D/L)] = 0.000228t + 0.0097: k = 1.1398 x 10~
Ala, In[(1 +D/L)/(1 — D/L)] = 0.000375t + 0.0153; k= 1.8762 x 10~
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FIG. 2—G Correlation between the D/L ratio of aspartic acid in each specimen and chrenological age. a) skull; v = 0.977; 89, = 13.08; P < 0.001. b)
sternum; v = 0.974; 89; = 12.16; P < 0.001. ¢) rib cartilage; v = 0.763; 89) = 3.34; P: 0.02 — 0.01. d) lumbar spine; r = 0.931; 89 = 7.21; P < 0.001.
e) coxal bone; v = 0.881; 69y = 5.27; P < 0.001. f) sacral spine; v = 0.739; 8,0) = 3.10; P: 0.02 — 0.01. g) femur; v = 0.985; 0g) = 16.15; P < 0.001.
The t is the coefficient of correlation.
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Urceni veku

- U historického materialu se uplatiuje i vliv
postmortalni racemizace

specimen source
& modern specimen

0 18th-19th Century
from Spitalfields

In (1+DyLY(1-DVL} aspartic acid

10 20 30 40 S0 60 70 8 90 100
known age of extraction or death (years)
FIG. 5—Plot of In{(1 + (D/L))/(1 — (D/L))} aspartic acid with regres-

sion lines depicted for 18th C. specimens (Spitalfields) and modern
specimens.

L-methionin nepodléha racemizaci in vivo, Ize ho pouzit jako vnitfni
standard: pomér D-Asp/D-Met eliminuje efekt racemizace béhem
pfipravy vzorku.
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FIG. 1—Plot of In{(]1 + (DIL))i{I — (DIL))} aspartic acid against
age with 95% confidence bands for St. Barnabas (19th C.) and modern
dental samples.
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FIG. 4—Plot of known age against true error in estimated age for
aspartic acid and serine for six 19th Century specimens. (Estimated age
obtained by using the modern data as a calibration curve for the 19th C.
samples. True error is difference between estimated age and known age).



St. Lawrence Island
(Aljaska)

Cca 1600 let stara ('4C 370-390 90 let) zmrzla
.,mumie“ eskymacké Zeny, nalezena 1972 na St.
Lawrence Island (Aljaska). Morfologicky (atrofie
prsou a vajecniki, otfeni zubu, choroba
koronarnich cév) byl vék odhadnut na 50-60 let.
Analyza racemizace Asp v dentinu indikovala veék
53 5 let. Mrtvola lezela ve vééné zmrzlé padé,
vliv postmortalnich zmén na racemizaci je tak
minimalni.
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den): Die beiden flacher verlaufen-
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gen nahezu iibereinander (y-Achse:
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Datovani
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FIG. 2. Rate of racemization of Asp and Ala versus fossil bone age.
Legend: C = La Couronne O = Qullins
LC = Les Cohons S = Salpétriere
F = Fontbrégoua LP = Abri des Pécheurs
V = Valorgues R = Rigabe.
D/L ratios of armne acids from bone samples of the Yuha skeleton
Bone type Valine Alanine Leucine Proline  Aspartic  Phenyl- Glutamic D-alloisoleucine
acid alanine acid I 10l eucu;e
Clavicle (spongeosa) * 012 026 013 013 044 019 031 010
Metatarsal (spongeosa) * 008 026 009 014 041 012 032 007
Femur (compacta) * 012 028 016 012 052 017 034 na
Femur (compacta) ** 0083 047 na 0076 056 na 033 na
Unclassified fragment 009 035 015 021 054 020 035 —

(compacta) ***

* Analyzed by K Kvenvolden and D Blunt, U S Geological Survey, Menlo Park, Ca
** Analyzed by J Bada and E Hoopes, Umiversity of California, San Diego, Ca
*** Analyzed by E Peterson, Ames Research Center, Sunnyvate, Ca



Ketef Hinnom

(Jeruzalém)

- reutilizace pohrebni jeskyné v dobé
rimske.

v % % B B % %

Figure 1. Tomb 25 at Ketef Hinnom, showing burial benches (B) and repository (R). The top portions
D[L aSp of the tomb were apparently removed during construction of a Byzantine church. (from Barkay, 1986).

Figure 3. Distribution of D/L aspartic acid values for 31 tooth samples from the Ketef Hinnom tombs,



Tuky a oleje




Lipidy

= estery vyssSich mastnych kyselin
Glyceridy (glycerol)

* Tuky

« Oleje

Vosky (alkoholy s dlouhym fetéz

Ostatni (cholesterol, aj.)

Luft

Aggregation an
Phasengrenze

Ry

. -
FP as 7 $;§;§§iig Eﬁ Vi
spontane 3 chidrkele  spontan oder
ﬁ Aggregation ¥ ] 63% durch Uitraschall
Lipid - Molekite Doppelschichten

Wiz

spontane Zu- o= =0
sammenlagerung ngg%\?)
Micelle
| Monaschicht}
Vesikel
{ Doppelschicht)
LIPIDS
Steroids Lipid Other
Vitamins  terpenes

Triacylglycerols ~ Waxes Sphingolipids

(oils, fats)

Eicosanoids Polyprenyl compounds

Ceramides

Glycerophospholipids

Plasmalogens Phosphatidates  Sphingomyelins Cerebrosides
Gangliosides
: L : . Other
Phosphatidyl- Phosphatidyl- Phosphatidyl- Other glycolipids
ethanolamines  serines cholines phospholipids
Glycolipids

Phospholipids



Mastne kyseliny

brain
¢ COg
- Katores

lipid droplet
. = l4
by # @ f‘)

i
-l h ’
-
: = fatty acid } /
adipose tissue & 2007 Encyclopadia Eritannica, Inc.

fatty
acid




Nasycene mastné kyseliny

Tablﬂka 7 v
Nasycené mastné kyseliny jedlych tukd

Mastna Systematicky Potet Molekulova CISl? 4 B,O(?
kyselina nazev atomd hmotnost kyselosti™ ) tan
uhliku . ' (°C)
Maselna butanova 4 88,10 636,8 —46
Kapronova®)  hexanové 6 116,16 4830 —-L,5
Kaprylova™) oktanova 8 14421 389,1 16,3
Kaprinova*) dekanova 10 172,26 325,7 31,6
Laurova dodekanova 12 200,31 280,1 43,6
Myristova tetradekanova 14 228,36 245,6 56,8
Palmitova hexadekanova 16 256,42 218,8 62,8
Stearova oktadekanova 18 284,47 197,2 70,6
Arachova ikosanova 20 312,52 179,5 76,3
Behenova dokosanova 22 340,57 164,7 82,6
Lignocerova tetrakosanova 24 368,62 152,2 84,8
Cerotova hexakosanova 26 396,68 141,4 87,7

*) doporuguje se pouZivat systematicky nazev, aby nedoslo k zZam&né
**) mg KOH na 1 g vzorku



Nenasycené mastne kyseliny

Izomerie dvojné vazby v MK
Polohova

Geometricka: cis a trans
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Nenasycene mastne kyseliny

Tabulka 8
Nenasycené mastné kyseliny jedlych tukd

Mastna Polet Po.l()l,la Molekulova Cislo Jodoveé
) atomt dvojnych 4 ++
kyselina uhliky vazeb hmotnost kyselosti*) gislo™ *)
Myristolejova 14 9 226,35 2479 112,1
Palmitolejova 16 9 254,40 220,5 99,8
Olejova 18 9 _ 28245 198,6 89,9
Elaidova 18 9-trans 282,45 198,6 89,9
Vakcenova 18 11-trans 282,45 198,6 89,9
Petroselova 18 6 282,45 198,6 89,9
Gadolejova 20 9 310,50 ' 180,7 81,8
Erukova 22 13 338,56 165,7 75,0
Brassidova S22 13-trans 338,56 165,7 75,0
Linolova ' 18 9,12 280,44 200,1 181,0
Linolenova 18 9,12, 15 278,42 201,5 273,5
y-Linolenova 18 6,9 12 278,42 201,5 273,5
Arachidonova 20 5811,14 304,46 184,2 333,5
Klupanodonova 22 4,8 11,14, 17 330,49 169,83 3840
Dokosahexaenova 22 4,7, 10,13, 16, 19 328,35 1712 465,2

*) mg KOH na 1 g vzorku
**) % adovaného jodu



Nenasycene mastne kyseliny

Oleje nevysychaveé - vysoky obsah nasycenych MK: olivovy, ricinovy

Oleje pomalu vysychavé - znaCny obsah kyseliny linolové: makovy,
ofechovy

Oleje rychle vysychave - vysoky obsah kyseliny linolenové: Inény, Cinsky
drfevny (tungovy)

Hranice mezi skupinami jsou nezretelneé.

Tabulka 7 SloZeni mastnych kyselin typickych druhti rostlinnych olejt

. Lnény olej Makovy olej Otechovy olej

K ‘

yselina (hm. %) (hm. %) (hm. %)
palmitova 6 10 8
stearova 4 2 3
olejova 22 11 15
linolova 15 76 61
linolenova 52 - 12
ostatni 1 1 1
Pomér palmitové kys.
ku stearové kyseling 1,5 5,0 2,6




Zivogisné tuky

Tabulka 13
SloZeni mastnych kyselin nékterych dilezitych tuhych tukd

Mastna Obsah (7; veskerych mastnych kyselin)
kysclina kokosovy vepfové hovézi mlédny margarin*) pokrmovy™*) lidsky tuk
tuk sadlo laj tuk tuk tuk matetského
kravsky 100%;ni podkoini mléka
Miselna 0 0 0 24 0,1 0 0 0
Kapronova*) 008 0 0 14-2 0,1 0 0 0-0,1
Kaprylova**) 5,5-9.5 0-0,2 0 0,5-1,5 0-0,1 0 0 0-0,1
Kaprinova***) 4,5-9,5 0-0,2 0 1,6-2,7 0-0,1 0 0 0,5-1
Laurova 44-52 0,1-0,6 0,1-0,4 1,7-3,7 1-10 0-1 0,3-0,7 34
Myristova 13-19 1,4-24 2-3 7,9-12.1 1-8 0,2-3 3,143 6-8
Palmitova 7,5-10,5 © 2430 24-31 25-32 10-20 6-20 22-25 26-32
Stearova 1-3 12-19 21-27 8-12 4-14 5-16 3,2-7 11-15
Palmitolejova 0-13 2,3-3,7 1,1-3,0 1,6-5,0 2-6 0-1 4,37 2,2-3
Olejova™*) 5-8 38-46 3848 26-33 21-55 33-68 4147 23-28
Linolova 1,5-2.5 4,294 1,7-2,0 1,0-2.4 6-35 8-22 513 46
Linolenova 0 0,1-1,3 0-0,2 0-0,5 0-5 0-3 0-1,0 0,5-1,5
Arachidonova 0 0-1,0 0-1,1 0-08 0 0 0-0,5 0.4-1
Trans-izomery 0 0-1,0 4-12 5-9*+%) 6-16 3-20 2-7 2-9
Rozvétvené 0 0-0.2 1-2 1-3+++) 0-0,1 0-0,1 0-1 1-2

*)  pokud neobsahuji fepkovy olej
**)  veetng trans-izomeri

***) odkaz 30

*)  hexanova

**)  oktanova

***) dekanova



LUj — surovina pro vyrobu svicek

Od starovéku byl nejCastéji pouzivan skopovy &i hovézi IUj, ale bylo mozné zvolit jakykoliv
I0j v libovolné smési. Lojové sviCky velmi rychle hofely a pfi nespravném hofeni navic
odporné pachly (vznik akroleinu). Pfi hofeni také rychle okapaval IUj, a proto maji svicny na
lojové sviCky zpravidla okolo stfedoveého tuleje SirSi misku na zachytavani rozteklého loje,
mimo jiné i proto, aby bylo mozné surovinu znovu pouzit. U lojovych sviCek tak velmi
zalezeno na kvalité loje (od stfedovéku nejCastéji smés skopového a hovéziho loje), na
zpUsobu jeho zpracovani a na pouzitém knotu.

CH,—OH  CH,—OH H,—OH | CH : . B .
| T : ’ Akrolein ma ostry Stiplavy
- M2 - H:0 , . , v -
IC“—O" — flf“ = (s — 7 zapach, vznika napf. pfi
CH,—OH CH—OH H H smazeni prepalenim tuku.
/ /
A N
o o
(8.72) - - (8.73)

glycerol akrolein



|dentifikace lipidu na zaklade zastoupeni MK

Kyselina erukova (Z-13-dokosenova kyselina): ve znaChém mnozstvi je
obsazena v tuku semen nékterych rostlin, napfiklad horCice a repky
(Brassicaceae, brukvovité). Ma nepfiznivy vliv na zivy organismus.

Kvantitativni analyza artefaktu

Index nasycenosti (Saturation index, Sl; Loy 1994)
SI=1-[(C18:1 + C18:2)/(C12:0 + C14:0 + C16:0 + C18:0)]

Procenta nasycenych MK (%S; Marchbanks 1989)
%S = (C12:0 + C14:0)/(C12:0 + C14:0 + C18:2 + C18:3)

Pouziti C16:0 a C18:0 neni podle autora vhodn, protoze jejich zastoupeni se méni s dekompozici.
C18:2 a C18:3jsou zahrnuty, protoze jsou charakteristické pro rostlinny material.



Saponifikace (zmydelneni)

Mydla se puvodné& vyrabéla vafenim ZzivoCiSného tuku s potasi (K,CO,)
louhovanou z popela. Proces byl velmi pomaly. Rozvoj vyroby byl zaznamenan
v 18. stoleti diky vyuziti kaustické sody ziskané Leblancovym postupem. Sodna
a draselna mydla jsou ve vodeé disociovatelna, maji detergencni vliastnosti.

O

||
CH,0—C—R

o) CH,OH o)

| | Y4
CHO—C—R + 3NaOH — CHOH + 3R—C

I AN

o) CH,OH ONa

[
CH,0—C—R

(4.58) zmydelfiovani tukl

Vapenata a horfeCnata mydla jsou ve vodé nerozpustna (viz. adipocire)



Karboxylaty (,mydla“) tézkych kovu

. Predpoklada se vznik interakci rostlinnych olejd a mineralnich pigmentd v
olejomalbach (Pb, Zn).

. Vznik v mistech kontaktu koroznich produktd (Cu, Zn) s organickym
materialem (tuk, olej, kuze)

. Zamérna pfiprava (konzervace a uprava povrchu; Fe, Cu, Zn, Al) — vznikaji
aplikaci alkalickych karboxylatu

O

/\/\/\/\/\/\/W)J\G.H

Stearic Acid (C18)
O

/\/\/\_/\_/\/\_/\.)I\E:H
Palmitic Acid (C16)

0 0]

H{_])J\/V\/\/ILUH

Azelaic Acid (C9)



Kysela hydrolyza

Hydrolyza glyceridi na volné mastné kyseliny + alkohol (glycerol, steroly, ...),

H 0 - o
H_C_O_CI‘_Ra H—(IJ—O—H HD—-E—RE.
| | :
H—C—0 é Rp + 3H0 — H—C—0O—H + HO—E.‘_lt—Rb
8 .
H_f_c'_cl_ﬂc H—t—0—H HO—C—Rc

H H

triglyceride glycerol fatty acids

= klasicka chemicka hydrolyza je velmi pomaly déj (tuk nerozpustny ve vodé)

yStearinovy vosk® = smés nasycenych a nenasycenych volnych MK. PoCatkem
19. stoleti byly ziskavany pudsobenim mineralnich kyselin na mydla, pozdéji
katalytickou hydrolyzou kyselinami za atmosférického tlaku (Twitchellv proces)
nebo za zvysSené teploty (216 C) a tlaku.

Pouziti: nékteré druhy svicek (kostelni svicky, ...).



Anaerobni oxidace - mikrobialni

OH: Bacillus subtilis, Clostridium perfrigens, Micrococcus luteus

Oxo: Micrococcus luteus

9
HlCW\MWMcmH

mt:ation
B2 COOH . COOH
| Stereorutation I
vy, — > M€ SH
H”10

Hydration H,0

OH

H;C \/\/\/\)m\g/\/\/\/\ COOH
Dehydmgenatton}. H,
0

H;C W\/\){nk?/\/\/\/\ml{

FIG. 6-—Chemistry of microbial degradation of oleic acid during adipocere formation.



Anaerobni oxidace - mikrobialni
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b
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(d) .
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Octadecenoic (Stearic)
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Fig. 5. Putative pathway from octadecadienoic acid to octadecenoic acid or
octadecanoic acid.



Produkty anaerobni oxidace

,b0g butter”

maslo v dfevéné nadobe bylo
zakopano do raselinisté
(= zpusob konzervace)




Mrtvolny vosk
(adipocire)

,,Brienvzi“, jez. Brienz
(Svycarsko)
cca 1700 n. I.

Tomasica, hrom. hrob
(Bosna a Hercegovina)
1992




Zmydelnéni (saponifikace)

TIC 4
vznika adipocire Ol e | Adipocere
(mrtvolny vosk) *:? e R
El a0 2 3 +
5 18:0 .
2 16:1] 182 \\ 20:0 Cho
12 18 24 30 36
Retention Time (min)
TIC 16:0
. . , [ 18:1 | adi
Hydrogenace kyseliny olejové . tague T
na stearovou a linoleove na ]
palmitovou Bl e o
. . . , 14:0 20:1
Oxidace kyseliny olejové na L,“JL_A_» D —
hyd I’OXYSteaI’OVOU a 2 18Retention 1%i4me {min) * %
OXOStearOVOu FIG. 1. Total ion chromatograms (TIC) for adipocere and normal adipose tissue (control). 1,

10-Hydroxyhexadecanoic acid (10-OH 16:0); 2, 10-ketooctadecanoic acid (10-keto 18:0); 3,
eicosenoic acid (20:1); 4, 10-hydroxyoctadecanoic acid (10-OH 18:0); A, epicoprostanol;

Vznlk SO“’ mastnych kyselln Cho, cholesterol.
(Na*, K* a Ca?*)



St. Bees Man

- mrtvy je pravdépodobné rytif Anthony de Lucy (1 1368)
Saponifikované télo se dochovalo diky vysoké vihkosti pudy.




Cimetiére des Innocents

Adipocire poprvé charakterizoval chemik Antoine
Francois de Fourcroy, ktery jej zjistil na pozustatcich
ze hrbitova Nevinatek v Parizi. Dlouholety hrbitov byl
1780 z hygienickych duvodu (kvuli nesnesitelnému

zapachu) zrusen. Od roku 1785 je na misté hrbitova

park. Antoine Francois de
Fourcroy

MEMOIRE

" Surles différens éuazs des Cadavres srouvis
dans les fouilles du cimetiére des lano-
' nocens en 1786 & 1787 ;
. hirmum&lsdmh”
5 & 28 mai r 789(]

Pa-M pE Fourcrorw.

La pl\yfq-m ?arugé Jes foins de Padmi-
niftration dans les travaux Faits au cimetiére des

Tonocéns. Elle étoie fpécilement chargée du

fatigable e
bud-fmqld-pul- dans un cuvrage pard-




Cca 1000 let stary tuk ze zmrzlého odpadu v
oblasti Yukonu

Lokalita Thule (Herscheluv ostrov) -
Material obsahoval pomérné vyznamny podil L

nenasycenych MK. Nizka teplota nedovolila
vyznamnéjsi mikrobialni aktivitu, vétsina MK byla y
volnych (jednoducha hydrolyza ve vlhkém prostredi). *

"
g%
2
Ratio C16:0/C18:0 éu-
e v o w v ot o v vz ¥ 3B F 2 Oz =
O
Soat ﬂ-1
Whale
244
Migeltn nample [
’
Middan samglé T 18+ J/'
Widden sampls IX =
. r r v T y T T v gy
o148 BT g0 161 EIR0 c18:1 c200 o201 £220 6217t

Misdes sampie TE
FiG. 3. Cumulative percentage fatty acid composition plots of various mater-
ials, showing apparent similarity of midden samples (means of samples I, II,
Sasque whaler (svmeags ot 3) and HI of this study) to average for three seal species and average for whales
(data taken from Table 4). Adipocere —--, midden samples I,-IT, 11 ——,
Adipscary average seals —--—, average whales —---.

FIG. 4. Histogram showing ratio of patmitic acid (C16:0) to oleic acid (C18:1)
for various substances, including unpublished results of fatty material from a
Basque whaling station excavated at Red Bay, Labrador,




Srovnani adipociru ruzného stari

Pozistatky mrtvol rizného stari z téhoz prostredi (jezero Walchensee; Bavorsko)

Roste relativni podil kyseliny palmitové, klesa zastoupeni kyseliny olejové a klesa
pomeér olejova/palmitova z cca 50/25 pro recentni material na 0/90 pro material 100 let

stary.
100 ] % bezogen auf
Gesamt - Fettsduren
80
80
70
601
Palmitinsdure
56
40
BRI A
3¢ Olsdure R
-~ -~ A
20 A~ A
\\\
10 s
AR
> A
! 5 1¢ 50 100
Liegezeit in Jahren
Abb. 1. Anderung des Palmitin/Ulsiure-Anteils in Fettwachs-Proben mit zunehmendem

Alter.

O = Palmitinsiure, & = Ulsiure, ®, & = Werte der 3 Waldiensee- Leichen.



Adipocire z ruzného prostredi

>

B C
T . g 18:0 10 OH
c—cu solvent 16:0 18:2 18:1 g} s?lvent 16:t0 18‘11 18:0;100H g S?I\fent 161:0 8? 00
=) ' L4 b b 18:0
7] '
14:0 14:0
' ¥
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14:0 16:1
' \
18:0
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e L Jsbe JL_-_‘LFJ . \JUHI I | LL_,A_M_J'-‘)‘JI’J}
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
RT [min] RT [min] RT [min]

Profil mastnych kyselin Cerstvé a mumifikované tkané analyzovany plynovou chromatografii, ktery ukazuje
vetsi pfibuznost vzorku mastnych kyselin Tyrolského ledového muze s Cerstvou tkani nez s jinou ledovcovou
mrtvolou: A, kiZe s pfipojenym tukem z Cerstvé lidské mrtvoly; B, trabekularni kost tyrolského ledového muze
(doba pohibu: pfiblizné 5 000 let); C, jatra ziskana z mrtvoly pohifbené v ledovci Madatschferner (doba
pohibu: 29 let). Mastné kyseliny jsou oznacCeny takto: 12:0, kyselina laurova; 14:0, kyselina myristova; 16:0,

kyselina palmitova; 16:1, kyselina palmitoolejova; 18:0, kyselina stearova; 18:1, kyselina olejova; 18:2,
kyselina linolova; 18:0 100H, kyselina 10-hydroxy stearova.



Adipocire z ruzného prostredi

A Otzi cca 5200 let

B Glacier Madatschferner 29 let

C Glacier Sulztalferner 57 let

D jezero Achensee 30 let

E, F Altaj cca 2500 let

F Mount Ampato, Peru, cca 500 let
G llo, poust,Peru, cca 1000 let

I- K recent
E 1 1
10-hydroxy- ~
stearic acid
0.4 O oleic acid
linoleic acid
O 10-hydromy-
palmitoleic acid O palmitic acid
o0 +———————————————————————
O myristic acid
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0.4
2
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T 08 T T
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Figure 4. Schematic organic content of sand.




Aerobni oxidace

mechanismy zahrnuji produkci hydroperoxidovych intermediatu radikalovymi
procesy:

pfimé stépeni dvojné vazby

hydratace a nasledné stépeni

w-oxidace s nasledujicim Stépenim dvojné vazby
w-oxidace, hydratace a nasledné Stépenim dvojné vazby

Oleic acid
(@ Ha\l/\/\/\.Al/‘)H HOLCN AN N TSN SN NN
| | @
° 0 Oxidation by}dihydroxylation
of the doublejbond C-C
(&) oH
MMA/Y Example of one 1so4’.r formed
oH 0 OH
" HOZC\/\/\/\)Y\/\/\/\
H
“ | OH
OH o \

| Dehydration |

(C)] OH
HO/\/\/\/\/\/\( w215 i 227
0 10 9
. N o HOXC— CgHya CHT {CHp)7—CHs HO2C— (CHz)y Cﬂj‘ CsHig—CHj
Figure 3. Structures of various fatty acid oxidation products | |
found in the saponified residue of a neolithic potsherd (see OH OH

figure 2). Stuctural identifications: (g} Gy ow-dicarboxylic w37
acid or nonanedioic acid (azaleic acid); {4) 9-hydroxyocta- m/z 329
decenoic acid; (¢} 9,10-dihydroxyoctadecanoic acid; {d) w- Figure 4. One proposed degradation pathway for the formation of unsaturated hydroxy acids. The m/z values correspond to the

hydroxydodecanoic acid. fragment ions of the bis-TMS derivatives.



Aerobni oxidace

10-hydroxyoktadekanova kyselina = hydratace C=C vazby olejové kyseliny
9,10-dihydroxyoktadekanova kyselina = oxidace C=C dihydroxylaci

a,w-dikarboxylové kyseliny (C7 — C12), dominantni slozkou je azelaova
kyselina (C9), oxidativni degradace C=C

Co
o

clﬁ:ﬂ
Ciso

| Figure 2. Partial gas chromato-
\ gram of the base treated residue
{as methyl ester-trimethylsilyl

| CIS:O dihydroxy acids

ether derivatives) of a potsherd
from a neolithic cooking vessel.
Peak identities: C 4, C a4, etc.,
indicate saturated fatty acids;
C 4.y ludicales monvunsaturated

L“”M_ﬁ_ fatty acid; OC, indicates aw-
dicarboxylic acids with carbon
]'5 20 chain length x; @ C, indicates.w--

hydroxy acids with carbon chain
Retention time (ming) ———————eeepp. length x.

9 and 10-hydroxyoctadecenoic acids

9 and 10-hydroxyoctadecanoic acids

Relative intensity ————————p»




Ketony s dlouhymi alkylovymi retézci

= kondenzacni produkty mastnych kyselin v archeologickém materialu

A, >3000C
CHy(CH2),CO:H + CH,(CH3)wCO:H = CH,(CHz),C (CHz)wCHs

HO (=13, m=13; 5 n=13, m=16;

.. L 2n=12,m=15, 6 n=14,m=15;
Soucast epikutikularnino vosku

IJn=13,m=14, 7T n=14,m=16,
brukvovitych rostlin (Brassicaea) 4n=14m=14 8 n=15m=16;

fepka 7 | 9 n=16,m=16
kapusta

CH3 (CHZ )nCOII'I + CH;(CH:};CH%H(C}{Z)‘[COlH

A, >3000C
L3
Hy0

0
I
CHy(CH2),C (CH2);CH=CH(CH,),CH;

10 n=14
IIn=16




Vysychani oleju = autooxidace tuku

—CH=CH-C'H-CH=CH- Lnény olej vysycha pomérné rychle za tvorby
elastického, vétSinou Zluté az hnédé zbarveného
l filmu.

—-C'H-CH=CH-CH=CH ~
R—00" + —CH=CH—CH=CH-CH,— —

~CH=CH—-CH=CH-CH- —~CH—~CH-CH=CH-CH,-
l -

OOR.
l ~CH=CH-CH-CH=CH-
~CH=CH~CH-CH=CH- |
I - OOH
00 :
—~CH-CH=CH-CH=CH-
—-CH-CH=CH-CH=CH- |
| OOH
o0 ~CH=CH-CH=CH-CH-
~CH=CH-CH=CH-CH~- |

| -~ OOH
0N



Vysychani oleju

R-00" + —~CH=CH-CH=CH-CH,~ -
~CH~-C'H-CH=CH-CH,~ |

l
OOR

l MZ* + R—-CH-CH,—R —
R'OOR? - R!IO" + R2O M* + R—-C*H-CH,-R —
i - ' R~CH=CH-R + H"
R'O" + ~CH=CH-CH=CH-CH,— >
~CH-C"H-CH=CH-CH,—
I .

OR!
R+ —CH=CH-CH=CH-CH,— - R+ R"— RR
—CH-CH-CH=CH-CH,— : > R*® + ROO" — ROOR etc.

I
R



Aplikace oleju v malifstvi

Olejomalba zacina cca ve 14. stoleti, plné se vzila v 16. stoleti. Pojivem barev jsou
vysychavé oleje (Inény, makovy, ofechovy) a oleje tepelné ¢i jinak upravené.
Olejové pojivo ovliviuje mechanické a optické vlastnosti barevného filmu a v
nejvétsi mife podléha vlivim starnuti a pusobeni vnéjsiho prostredi




Prepolymerizované (zahustene) oleje,
,stand oil”

Starfi holandsti mistfi pfipravovali tzv. ,stand oil® zahusténim Inéného oleje pod
inertni atmosférou spalin, vzniklych zapalenim tékavych latek, uvoliujicich se
pfi zahfivani oleje nad 300 C.

R! ' R! -

= R3 ‘ R3
+ |l —_—

N R¢ R4

Dimerace Diels-Alderova typu, linolova a/nebo linolenova kyselina; konjugovany
systém vznika izomeraci nekonjugovanych dvojnych vazeb. Produkt dimerace ma
jednu dvojnou vazbu — ta reaguje s dienem za vzniku trimeru.



Ovlivneni rychlosti vysychani

CH

3
HO :
cH, CH,  CH,
H,C O (CH,),CH(CH,),CH(CH,),CH(CH,),

CH,

* Antioxidanty ¢ Tocupherol

pfirodni: a-tokoferol

umeélé: produkty pyrolyzy (uhlikova €erni), biumindézni zeminy (Vandyckova
hnéd)

. Té&zké kovy
= katalyzatory rozkladu hydroperoxidu na radikaly

~CH,—CH-CH,— + Cu®>* -

—CH,-C*H—-CH,— + Cu* Co’* + ROOH — Co?* + ROO" + H*
—CH,-C"H—-CH,— > Co®* ~CH=CH-CH,—-CH=CH- - Co®* + 0, - Co** + 0O ’
—CH=CH-CH-CH=CH- + Co®* + H* OO~ + H* - HOO"

—CH,—CH=CH- + H"*

Co?* + ROOH — Co** + RO" + OH-



Degradace olejovych filmu

Obr. 16 Schematické znazorn&ni oxidace a degradace filmu Inéného oleje’®. 0=0... kyslik
—OOH.. ... hydroperoxid, -OH . . . alkohol, -COOH . . . kyselina. ,



Degradace olejovych filmu

St&peni alkoxyradikalt za vzniku aldehydu, ktery

o . v . R—-CHR! - R—CHO + 'R!
muze podléhat dalSi oxidaci — mohou tak vznikat | - R
dikarboxylové kyseliny (pokud R = glycerylester) o
It ¢ QO oM
R—C—C—CH,~R! R—C—C'=CH—R‘
M = metal
o ¢}
l i
v ’ g C
Zloutnuti filmu R-§ CH,-R R_cl:l/ \n:_nl
, [ — +2H,0
R *Cﬂz/‘:—“‘ R-C__C-R*

N pyrrole
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Stand oil szych_é mnohem pomaleji nez Inény olej, ma vysSi viskozitu, nizsi jodove Cislo, diky
C-C vazpam je film trvanlivéjSi, ma vétsi optickou stalost, nizsi sklon ke Zloutnuti a
objemovym zménam béhem vysychani.

Tabulka 8 Vlastnosti piivodniho Inéného oleje a olejii zahudténych

Oleje zahudténé pfi 300 - 305 °C
Viastnosti Pu;;;?m pod atm. par’ | pod vakuem® pod CO;*
index lomu' 1,4800 1,4906 1,4907 1,4920
hustota (kg/m?*y 929,1 966,1 966,2 972,6
viskozita (Pa s)* 0,0246 7,950 8,535 47,891
tislo kyselosti
(mg KOH/g)"+? 0,1 16,0 11,4 11,5
&islo zmydeln&ni
(mg KOH)"3 190 190 187 192
Hanu3ovo jodové &islo
% J/g)" 4 185,5 55,5 50,0 69,0
obsah peroxidi za horka
(ng/g)' 40 4 10 18
gislo barevné stupnice
(mg J»/100 mi)* 5 5 4 5-7
&iselnd molekulova hmot-
nost® 649 1184 1342 1803

1 _ Stanoveno dle CSN 58 0101.

2 _ Cislo kyselosti vyjadfuje mnoZstvi volnych mastnych kyselin.

3 _ Cislo zmydeln&ni udava mnoZstvi hydroxidu draselného nutného k neutralizaci volnych mast-
nych kyselin a dale k zmydelnéni tuku.

4 _ Jodové Eislo charakterizuje nenasycenost tuku.

5 _ Stanoveno dle CSN 67 3011.

¢ _ Stanoveno osmometrii v parni fazi.

7 - Zpusob ptipravy napodobujici v laboratornich podminkach technologii starych mistrd.

8 _ V laboratornich podminkéch provedené souasné primyslové technologie.



Steroly a stanoly

SubstituCni skupiny se pfipojuji pod rovinou kruhu (a; k zobrazeni se pouziva
prerusovana €ara) nebo nad rovinou kruhu (3; k zobrazeni se pouziva plna Cara).
Kruh 5a steroidd je vzhledem ke kruhu B vzdy trans, u 5B steroidu vzdy cis.
Methyly pfipojené k C10 a C13 jsou vzdy v konfiguraci [3.

O <
/('; H H
077 (CHp)is—CH;y

hydrogen transfer from hydrogen transfer from
cholesterol C-atom 2 cholesterol C-atom 4
- . CHy, CHg.,
' 4 CH, CH;
cholestanol '
cH, (kenformace molekuly) H CH3 B CHg
/ | CH{ CHJ
|
o]

2,5-cholestadiene 3,5-cholestadiene

(minor product) (predominating)
+ +
,OH ,OH
CH3_ (CH2)16_C\\ CHE_(CH2)16—C\\
o} o
ester cholesteroly ‘ stearic acid stearic acid

(s linolovou kyselinow)

Fig. 3. Proposed thermal degradation scheme for cholesterylstearate.



Steroly a stanoly

U pfirozené se vyskytujicich steroidu
jsou vSechny SestiClenné kruhy
v zidlickové konformaci (je stabilné;si).

Vzajemné mohou byt kruhy v poloze
cis nebo trans (BC a CD jsou vzdy
trans).

trans-uspofdddani

’-" & .\‘
‘ r J
} S
L]
[]

12
'

Zidlitkova forma

CHj

10

¢is-uspolfdddni
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Steroly - biomarkery

Cholesterol 3 - Sitosterol
CHs
H1C ~ CH3
HaC
CHx
HaC
HO

Ergosterol



Cholesterol

Specificky pro zivoCiSnou tkan . 2
20 A

24 26

27

HO 5
choiesterol (5-cholesten-33-ol)

Detekce v pudé:
pfitomnost pozustatku v hrobé, zpracovani masa

Detekce v malbach:
vysoky obsah cholesterolu indikuje pritomnost vejce, nespolehlivé
(degraduje)



Palivo v rimskych kahanech

Odhad na zakladé pomeru mastnych kyselin (MK) selhava diky oxidaci dvojné

vazby na kyseliné olejové

Rostlinné oleje (olivovy) — fytosteroly, vySsi obsah kyseliny olejové

Zivocisny tuk (18j) — cholesterol, vy$si obsah kyseliny stearové

Greek Olive Qil (Methyl Ester)

1. C160

2. 16t

3. C160
’ " 4. gt
5 C16:2
6. C16:3
7. c200
8. C220
9. C240

5

0 10 15 20 25 30
Time (min)
GC: 6690
Carrier: Helmm, constant flow 46,6 psi
Column: HP-INNOWa, 50 m x 0.25 mm x 0.25 um
(Part No. 19091N-133) Mozale
Inlet 1.5 ul, 260°C, deactivated liner with glass wool
Qven: 150°C {1 min), 2.9°Cimin 230°C (1 min)
Detector: FID 260°C Base

Wick  Wick Hole Filling Hole

\ ol

Shoulder

Discus Handle
r /
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Steroly a stanoly

Fekalni biomarkery

material in
and sedimen
the environment

Fig. 1. A schematic detailing the formation of 5a- and 53-stanols, from their stenol precursors, in the natural environment and the mammalian gut.



Zluové
Kyseliny

o, OH“., COOH Y, COOH
H
W CL/E?:?
HO HO ™" 0H HO ™%

cholesterol cholic acid

Formation of glycine and taurine conjugates
of primary bile acids e.g.

Conjugate formation of
secondary bile acids e.g.

Derivaty cholesterolu s

detergentnimi vlastnostmi,
které napomahaji solubilizaci Socondary b
tukd v travicim traktu. e

enterohepatic
circulation

Formation of secondary C,, bile acids:

Obligate anaerobe bacterial communitie
form secondary bile acids via a range of
enzymic reactions:

Fekalni biomarkery

deoxycholic
|| (i) deconjugation by hydrolysis of peptide
COOH “, COOH : bond
Il (ii) oxidation at C,, C,, C, and C,, positions
to form hydroxyl or keto groups i
(iii) reduction of oxo groups to form epimers e
(iv) dehydroxylation

HO H

chenodeoxycholic lithocholic

l Excretion

Fig. 2. An overview of the origin of primary bile acids and their conversion, after excretion from the gall bladder, to secondary bile acids in the intestine.
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Fig. 3. Analyses of bile acids from a Roman drainage culvert excavated in Agora, Athens. Gas chromatograms of the bile acid profiles for the east control
sample and sediment at the bottom of the culvert (REDRY) are displayed in (a) and (b), respectively. (¢) Depicts histograms for the control (REDRE), and
samples taken progressively deeper down the sides of the drain (REDR1-4) and the sediment (REDRS) in the bottom of the drain (see inset photograph).



Fekalni biomarkery
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Mikrobialni transformace cholesterolu

& eé?f

i H
Sa-Cholestanol Sp-Cholessnol

Figure 2. Biochemical relationship between the endogenous choles-
. terol and the steroidal degradation products found in the body
Lindow man tissues of Lindow Man.




Mikrobialni transformace cholesterolu

Muz z Lindow (raselinisté u Cheshire), doba Zelezna

SB-Cholestanct . st
109, ;‘"‘:
. ,tﬁgVY

/H

! o
! H
- H :
Stigmaseesol /Ct?g\'(r
Cholesterol 1 [ v
Sitosterol
HO'
o * i
5a-Campestanol
ot So-Chalesanol
H

%mdm

2

H
5p-Cholestan-3-one . -
J. 'ﬂ k. ] - ot
t-T ] 24 ma N ™e
H Ho' &
. . L Campesterol .
P> P i - b Se-Stigmast-22-en-3p-0l
; ; . . : . i 3 21! GICMS to1a] fon chromatogram showing the stenol and stancl componcats isolated by TLC from the totat lipid cxtract of
Figare 3, Partial GC/MS tota) ion chromatogram showing the steroidal components of the neutral fraction of the total lipid extrmes of 2 sample Figure 4, Partal - p
of akin tissue from Lindow Man. See text for full experimental details. v ? Lindow peat. See text for ful experimentat details.



Anaerobni podminky

cholesterol — 5a- resp. 5B-cholestan-3-on — 5a- resp. 5B3-cholestanol (koprostanol)
pusobenim mikroorganismu

: 1S3 H b
Q ] Ho Sa—-Cholestanol
g H /
E 3p-Cholestanol
o (coprostanal) /
> 1
8 :
S ] .
[
© Ta
] /Su—Cholestan-B-onc
1  3B~Cholestan-3-one 4 W
; d b1 N
O =0 30 40

Time (min)
gllgcureh: Pa'jti;l gas chromatogram of the trimethylsilylated total lipid extract of the horse metapodial bone from the Roman excavation at
ter, ULK.



Aerobni podminky

cholesterol — cholest-5-en-33-0l-7-on

autooxidace zahrnujici atak singletovym kyslikem vedouci na keto- a hydroxy-derivaty pres
hydroperoxidy nebo oxidace katalyzovana lipoxygenazou (rozklad tkani, mikrobialni)

183

 Cholesterol

Cholest-5-en-7-one-3-0l
('J'-ket_ocholeslerol)

Relative intensity

Ay g b b

Time (min)
Figure 4. Partial gas chromatogram for the total lipid extract of a 4th-6th century bone (human tibia).



Epimerace 3 [3 stanolu

Epimerace 3 stanolu (koprostanol) na 3a (epikoprostanol)
v koprolitech nevadskych Indiant (cca 50 n. I.); 3a se v
Cerstvé stolici nevyskytuje, jeho vznik je spontanni
(konverzi pres keton), protoze je termodynamicky
stabilnéjSi nez koprostanol.

TIC 4
160 o Adipocere
z
2 A
@
E 14:0 *
2 Cho
12 18 24 30 36
Retention Time (min)
TIC 16:0
18:1 Normal adipose
tissue
z
£
E 16:1
“ a0
2 18 2 30 3 Epikoprostanol byl prokazan i v adipociru
Retention Time (min) ° , . . o 0}
FIG. 1. Total ion chromatograms (TIC) for adipocere and normal adipose tissue (control). 1, (pUSObenI mlkroorganlsmu " )

10-Hydroxyhexadecanoic acid (10-OH 16:0); 2, 10-ketooctadecanoic acid (10-keto 18:0); 3,
eicosenoic acid (20:1); 4, 10-hydroxyoctadecanoic acid (10-OH 18:0); A, epicoprostanol;
Cho, cholesterol.



Vosky

Smeés alkanu s dlouhym linearnim fetézcem a esteru vyssich MK s alkoholy

s dlouhym linearnim retézcem (,voskové estery®) s nizSim podilem volnych
alkoholt a MK.

Latky ,voskovité” konzistence (parafinovy vosk, stearinovy vosk)

wax components

Compound General structure
n-Alkanes H,C[CH,],,.CH,
Ketones R'COR?

Secondary alcohols R'CH(OH)R?
B-Diketones R'COCH,COR?
Monoesters R'COOR’

Primary alcohols RCH,0H

Aldehvdes RCHO

Alkanoic acids RCOOH
Dicarboxylic acids HOOC[CH,],COOH

w-Hydroxy acids

HOCH;[CH,],COOH




Vosky

Melting

Category of Wax Source Foint
Animal and Insect Waxes
Beeswax Beesz/Honeycombs B2-645 C
Spermaceti Skull ofthe Sperm W' ale 250 C
Woal rease and Lanolin Sheepfiool 2942 C
“Wegetabl e Waxes
Carnauba Leawvesy Brazilian palms (Cooeniciz cerfoliz) 2846 C

) Whole plants! Mexican (Euohoriz amisiohiliticg

Candelillaiiax Eynkormia cerffera, Pedilamthus pawomes) et
Jojoba il zreen nuts of bush (S e orasiz califomica) 6.2-70C
Mineral Waxeas
hantan 3 lignite or brown coal = I
FPetrolatum F ar atfin B33
Microcrrstalline Slach W 2 F ar affin G245 C
Microcrrstalline Petrolatum F ar affin Srac
Symthaic Waxes
Falyethylenes ethylane g9r-106 C
Fischer Tropsch hydrogen + carbon monoxide synthesis 105108 C
Estar W e oxidzation of FiEcher- Tropsch wwaxes o2-104 C
Synthetic Esters e.g. L etyl Long chain fatty acids + fatty alcohok synthesis Warious

stear ate



VcCeli vosk

= sekret v€ely medonosne (Apis mellifera), material se ziskava pietavenim plast v horke
vodég. Je tvofen zejména voskovymi estery (72 %), zejm. myricylpalmitdtem
(C15H31COOC30H61), volné MK (cca 13 %) a uhlovodiky (12 %) s poctem uhlika
C25-C31.

Bt 62-65 C

O

H3¢C 15— C—0—CzoHgy
CasHoO2

palmitic acid ester of myricyl alcohol

hexagicosan acid ester of myricyl alcohol

H31C15—C—0=Cy6Hag palmitic acid ester of cetyl alcohol

CapHeaOs

HBC\/\/\/\/\/\/\/\/\/\/\/\/\/\/\(O

CaoHeO2 melissic acid Ol
]

ch/\/\/\/\/\/\/\/\/\/\/\/\)]\m

CzeHz20s cerotinic acid



Tel Rehov, S Izrael;
cca 900 B.C.

30 intaktnich uld, véetné
pozUstatku plastvi a vosku

Dosud nejstarSi znamé intaktni
uly.




VcCeli vosk

100 1
C,

g
=y
2
o Wax esters
c
S 50
2 5 40
o

£ 42 44 | |

|
] \
| T | N L _T - — T 1 T T
15 20 25 30 35

Retention time (min)

Figure 4 A characteristic gas chromatogram of contemporary trimethylsilylated contemporary beeswax (from the Doubs,
France). C, corresponds to the n-alkanes containing x carbon atoms; C\. corresponds to free fatty acids with y carbon atoms.

estery kyseliny palmitova,
palmitolejove, hydroxypalmitové a
olejoveé s alkoholy s dlouhym
linearnim retézcem (C30-32) (cca
70 - 80%).

pomér triacontanylpalmitatu (nebo
melissylpalmitatu, C30 alkohol
esterifikovany C16 MK) k cerotové
kyseliné (C26:0), dalsi hlavni
slozce vosku, je 6:1.

aliphatické uhlovodiky (10 - 18 %
heptacosanu a nonacosanu a
ostatnich uhlovodiki s C 17 - to
35), nenasycené uhlovodiky (C 21
-t0 35) s 1 — 2 dvojnymi vazbami,

steroly (pfes 2% cholesterolu,
lanosterolu, b-sitosterolu),



Main molecular components

Physico-chemical processes

Degradation products

Physico-chemical processes

Vceli vosk

Raw beeswax

\ n-alk;r:es !

Sublimation

l esters

Hydrtlalysis

r

!

alcohols

palmitic

l

n-alkane depletion

(preferentially low carbon-numbered)

acid |

|
|

Sublimation

partial or

total disappearance

[ flavonoids ‘

CheLical

degradation

phenolic
derivatives

Sublimation

partial or
total disappearance

Figure 8 A summary of the physico-chemical mechanisms involved in beeswax degradation.



Vceli vosk

Main molecular compounds of modern beeswax

/—

n-alkanes

n-fatty acids

Faporizaion and
cir subdimation

total or partial
disappearance

Vaporizarsion ard

O si i on

L

total or partial
disappearance

\

MORAOESIers
Hydrolysis oo
n-alcohols palmitic hydroxyesters
acid
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n-aldehydes

total or partial
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Aplikace

adhezivum, hydrofobiza¢ni material
pojivo malby

modelovaci material (voskove figury)
ochrana povrchii, konzervace

svicky (voskovice).

odlévani bronzu (,,ztracend forma*)

mumifikace

. Adhesive Body care
Sealing | .
agent Medicines
Shipbuilding Cosmetics
Writing Paintings |
Lost wax Sl
casting (Ll
Corrosion Rituals
protection

‘Embalming

Use in technology

Figure 1

Symbolic and artistic role

The different functions of beeswax during Antiquity.



Aplikace

Chronological scale

4000 3000 2000 1000 0 1000
| I I I I |
Neolithic Neolithic Late Minoan lamps Medieval ceramic
ceramic ceramic Mochlos site vessels
vessels vessels Crete (4) West Cotton site
Ergolding Chalain site Great Britain (5)
Fischergasse site  France (3)
(Altheim culture) -
Germany (1, 2) Fayum portraits (6, 7, 8, 9)
Wall paintings
Pompéi (9)
Egyptian amulets (10)

Figure 2 An overview of the chemical identification of beeswax in archaeological remains in Western Europe
and Egypt. 1, Evans and Heron (1993); 2, Heron et al. (1994); 3, Regert ct al. (1999); 4, Evershed et al. (1997);
5, Charters et al. (1995); 6, Colinart et al. (1999); 7, Ramer (1979); 8, White (1978); 9, Kiihn (1960); 10, Colinart
(1987).



Dolni Sukolom

Silicitovy nozZik s nanosem organické
hmoty (pozdni eneolit).

1cm
57
100 100 57
g 80 :\;* 80
g Y
§ 60 2
3 s 60
c c
3 s
g e
40 D 1]
2 g
= =
o S
[ 20 g 20
369 424 45 592 648 704 502 g4g 704
0 0
100 200 300 400 500 600 700 100 200 300 400 500 600 700
m/z ml/z

Hmotnostni spektrum (DIP-MS) vzorku organické hmoty z Dolni Sukolomi (A) a recentniho vosku (B) pro
energii ionizace 70 eV.



Fountains

(Velka Britanie)

Cisterciacke opatstvi
12. Stoleti

Zbytky svicek a organické
zbytky na svicnech ziskané pti
vykopavkach




Vyuziti vosku

Egyptska psaci desticka, cca 600 n.l.




Liti na ,ztracenou formu”




Punsky vosk

= v¢eli vosk ¢astecné¢ zmydelnény sodou.

Plinius a Dioscorides:
vosk se vafi ve slané morské vody a potom precedi. To se opakuje nékolikrat. Potom se vosk
béli na slunci a nasledné saponifikuje pfidanim sodného bikarbonatu).

Pred aplikaci se pridavaji dalSi slozky:
olej (vétSinou Inény), pro zvyseni tekutosti
vajeény zloutek zlepSuje adhezi.
Nasledné se pfidavaji pigmenty = enkausticka malba

INJECTICN POINT

Attt ———————————— i}
76 72 68 64 60 56 52 48 44 40 36 32 2B 24 20 16 12 B 4 0
-— MINS

- 380°C = 348 336 COLUMN 278 252 228 204 180°
TEMPERATURE EhE

Fig. 8 Gas-chromatograms of wax medium from two Fayum portraits A. typical of simple bees-
wax; B. showing reduced ester peaks, suggestive of partially saponified (Punic) beeswax.
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Figure 12 A gas chromatogram of the organic binder from a Fayum woman portrait (Louvre Museum, Inv. MND 2047,
2nd century Ap), showing the presence of altered beeswax. C, corresponds to n-alkanes with x carbon atoms.
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Figure 11 A gas chromatogram of the organic content of a ground trimethylsilylated sherd OD3037D1 (Sect. V/E,
fouille 93, carré 313, 102, sac 31, no. 4) from Dikili Tash, showing the presence of altered beeswax. C, corresponds to
n-alkanes with x carbon atoms; Ay corresponds to linear long-chain aleohols containing y carbon atoms. Cjs is
palmitic acid. The black disc with a number is, for long-chain fatty acids, the number corresponding to the carbon
atom number. IS, internal standard; *, plasticizer.
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Figure 9 A gas chromatogram of the trimethylsilylated charred surface residue OD3006C1 from Bercy, showing the
presence of altered beeswax. Numbers between 25 and 33 correspond to n-alkanes; Ax corresponds to linear long-chain

alcohols containing x carbon atoms and C,.p corresponds to long-chain fatty acids with y carbon atoms. IS, internal
standard.



Pecetni vosk

Byl pouZivan zhruba od pocatku 16 stoleti.
Byl sloZen z vosku a kalafuny, ktera Cinila
vosk kfeh¢im a tvrdSim. Diky kalafuné
material rychleji tuhnul a otisky v ném
byly zietelnéjsi. V pozdéjsich obdobich se
pridaval 1 Selak.

Jako barvivo se piidavala rumélka nebo
sufik

Edwart Collier: Zatisi (1697)


http://www.wga.hu/art/c/collier/vanitas4.jpg

Vorvanovina (spermacet)

Spermacet se ziskdva ochlazenim podkozniho tuku (obsah je cca 11%) a z lebe¢ni dutiny
vorvang obrovského (Physeter macrocephalus). Celni organ, pouzivany jako sonar,
obsahuje u 15 metrového Zivocicha cca 3 tuny spermacetu.

Internal Structures of Sperm Whale Head

left nasal :
hlowhole Dassage muscle spenrrr_’agﬁeh

right nasal ;
gassage junk rostrum  comrmon

nasal passage




Vorvanovina

Spermacet obsahuje voskové estery (65-95%), triglyceridy (5-30 %), volné alkoholy (1-5
%) a kyseliny (0-3 %). Estery jsou tvofeny zejména cetyl palmitaitem (C32) a cetyl
myristatem (C30).

Bt. 42-50 C.

Spermacet byl od 15. stoleti pouzivan v mediciné (afrodiziakum) a pozdé¢ji v kosmetice,
jako mazivo a k vyrobé svicek, kde se ke spermacetu piidava 14j, vceli vosk a nebo
pozdéji parafin, Z této hmoty byly vyrdbény svicky mimotadné kvality, které se
vyznacovaly stejnomérnym jasnym plamenem a naprostou absenci jakéhokoliv zapachu.

Dalsi aplikace: konzervace usné a pergamenu



Lanolin

Je produkovan mazovymi zlazami ovci, z viny
se izoluje vymyvanim alkaliemi nebo
detergenty. Surova vin obsahuje cca 10-24 %
tuku. Lanolin se ziskava jeho rafinaci.

Lanolin obsahuje estery MK (14-24 %), sterolu
a esteru triterpenoidnich alkoholl (45-65 %),
volné alkoholy (6-20 %), steroly (cholesterol,
lanosterol) a terpeny (4-5 %), hydroxylované
MK (zejm. hydroxypalmitova) volné nebo
esterifikované. Retézce MK s 14 - 35 uhliky,
nékteré s rozvétvenymi retézci (iso- nebo
anteiso- konformace).

Bt 35-42 C.

Konzervace zZeleza a usni, kosmetika,
priprava barev.




Cinsky vosk

Je vyluCovan hmyzem Ceroplastes ceriferus
(Coccus ceriferus) a uklada se na vétvickach
stromu (k produkci 1g ¢inského vosku je
zapotrebi 1500 jedincl ). Hmyz se péstuje v
Cine.

Hlavni sloZku tvofi voskové estery (cca 83
%), obsahuje také volné kyseliny, alkoholy
(nad 1 %) a uhlovodiky (2 — 3 %). Estery jsou
tvoreny hlavné alkoholy a kyseliny s 26 nebo
28 uhliky.

Precistény vosk se pouziva k vyrobé sviCek a
upravam povrchu.




Selakovy vosk

Tento vosk (znamy také jako lakovy vosk) je
produkovan hmyzem Tachardia lacca (Kerria
lacca, Coccus lacca, Laccifer lacca) zijicim v
Indii. Ziskava se z Selakové pryskyfice, jeho
vlastnosti jsou podobné karnaubskému vosku.

Obsahuje hlavné voskoveé estery (70-82%), volné
alkoholy (8-14%), kyseliny (1-4%) a uhlovodiky
(1-6%).

Je pouzivan v nabytkarstuvi.




Epikutikularni vosk - Brassicaea

e
=

Biomarker v archeologii: dikaz
vafeni kapusty (Brassica
oleracea)
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e

Relative intensity
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. . . . Figure 2. Partial gas chromatograms of the lipid extracts from
Lipid concentration Lipid CopEiE i (a) the experimental jar (ED1); (b) modern Brassica leaves; and (c)
(ng g sherd) (ug g™ sherd) the ancient jar (RP54). In each case the peaks represent Brassica

leaf wax components: 1=mnonacosane; 2=n-hexacosanol;
3=nheptacosanol;  4=nonacosan-15-one;  5=nonacosan-15-ol;
6=rn-hentriacontane; and 7=np-octacosanol. i.s.=the internal stan-
dard n-tetratriacontane. Internal standard was not added to the leaf
wax extract (b).

Figure 3. Diagram of a Late Saxon/early mediaeval jar (RP54). On the left is a histogram showing the lipid concentrations (ug lipid g ~ ' sherd)
as an average of three samples taken from cleaned ceramic at five points on the experimental vessel. On the right is a histogram showing the
lipid concentrations (ug lipid g~ ' sherd) at three points on the ancient vessel (RP54).



Espartovy vosk

Ziskava se z trav Lygeum spartum a Stipa tenacissima, rostoucich na uzemi
jizniho Spanélska a severni Afriky. V souCasnosti se ziskava jako vedlejsi produkt
vyroby papiru.

Slozeni vosku je velmi proménlivé, obsahuje uhlovodiky, estery (cca 60 %),
alkoholy (C 28-30; cca 20%), kyseliny (15-18 %) a triterpenoidy.

Znali ho jiz Féni¢ané, Rekové a Rimané (t&snéni lodi, enkausticka malba), nyni se
pouziva se hlavné ke zvysSeni b. t. jinych vosku.



Espartovy vosk

Lygeum spartum



Karnaubsky vosk

Je produkovan listy brazilské palmy
Copernicia prunifera cerifera, cca 100 g
z jednoho stromu ro¢né.

Obsahuje hlavné voskové estery (80-85%), volné alkoholy (10-15%), kyseliny (3-
6%) a uhlovodiky (1-3%).

Kromé toho Karnaubsky vosk obsahuje esterifikované dioly s dlouhym fetézcem
(cca 20%), hydroxylované MK (cca 6%) a kyselinou skoficovou (cca 10%)
hydroxylovanou nebo methoxylovanou.



Je tvrdsSi a ma vyssi b. t. nez ostatni vosky
(B.t. 78-85 C) a pouziva se hlavné ve smesi
se vcelim voskem k vyrobé politur na
nabytek, v kosmetice a k upravam papiru.

ester scission radical alkyl

chain degradation ‘ester scission ester scission
g < 0 0
-C H )

o N /\/\/\/\/\/\/\,/\is%,& - -c\o /\/’\/\/\NW\AO/C‘ R

o
Sy CHane o~ R P T e e
a,m-alkadiene profile up to
homologues with one less carbon TRl 22 T
atom compared to the

original m-hydroxy fatty acid

Fig. 7. Proposed thermal reaction pathways for the formation of o.m-alkadienes in the pyrolysis of
carnauba wax.



Japonsky vosk

,Vosk ,(rostlinny tuk) v jadrech a slupce bobuli rodt Rhus a Toxicodendron, véetné
toho poskytujiciho japonsky lak (je vedlejSim produktem pfi vyrobé laku).

Neni to pravy vosk ale tuk, obsahuje znacné mnozstvi triglyceridu kyseliny
palmitové (93-97%), dikarboxylové MK véetné C22 a C23 (4-5.5%) a volné
alkoholy (12-1.6%).

B.t. 45-53 C.

Je uzivan zejména v Japonsku v kosmetice a vyrobé masti a svicek. Postupem
casu zlukne.



Photo copyright Henriette Kress
" http://www.henriettesherbal.com



http://upload.wikimedia.org/wikipedia/commons/0/03/Toxicodendron_vernicifluum_03.jpg

Ourikuri

Byl poprvé exportovan z Brazilie v roce
1937, vic se pouziva v soucasnosti.

Ziskava se seskrabanim z listl palmy
ouricouri (Syagrus coronata, Cocos
coronata).

Fyzikalnimi vlastnostmi se podoba
karnaubskému vosku (b.t. 81-84 C),
slouzi jako jeho nahrazka.




Jojobovy olej

Pouzivany jako nahrazka spermacetu.
Ziskava se lisovanim semen jojoby
(Simmondsia chinensis; Euphorbiacae),
psSestované zejm na jihu USA a v Mexiku
(Sonora), Arizona and California.

Je tvoren takrka vyhradné voskovymi
estery (vice nez 98%). MK jsou 18:1n-9
(cca 10%), 20:1n-9 (cca 70%) a 22:1n-9
(15-20%), alkoholy zejm. C 20a C 22 a
jednu dvojnou vazbu.

Jojobovy olej je velmi odolny vic¢i oxidaci,
pouziva se hlavné v kosmetice, po
sulfonaci nebo hydrogenaci také jako
mazivo a k vyrobé svicek a k povrchovym
upravam.

Bt cca 7 C (kapalina)




Candelilla

Z mexického kefe Euphorbia cerifera nebo E. antisyphilitica (Euphorbiaceae).
Vosk se ziskava varenim rostlinného materialu (vyplouva na hladinu).

Obsahuje uhlovodiky (cca 50% C29 - C33), estery (28-29%), alkoholy, volné MK
(7-9%) a pryskyfice (12-14% triterpenoidnich esterq).

B.t. 67-79 C.

Pridava se do ostatnich voskl (zvySovani b. t.) a pouziva se bv kosmetice,
farmacii a potravinarstuvi.




Candelilla

Glenn Springs
1940




Montanni vosk

Fosilizovany rostlinny vosk, ziskava se extrakci lignitu nebo hnédého uhli (sub-bituminous
coal). ZacCal se pouzivat v Némecku ve 2. poloviné 19. stoleti. Je to smés voskovych
esterd (62-68 %), mastnych kyselin (22-26 %) a alkohol(, ketonu a uhlovodikd s dlouhym
fetézcem (7-15 %). Montanni vosk je tvrdy a velmi odolny vuci oxidaci.

lignit

Fig. 1. Coalification of wax coated plant material in pre-
historic times created deposits of montan wax. A Sigillar-
ia, B Lepidodendron.



Mykolove kyseliny

(W4

Soucast bunécnych stén mykobakterii.

= N I a-myeolic acids CH{CHo)y-A-(CHh B-(CHy)y CH-CHH(CH,)-CHy
% OH COOH

W\m , Il o’-mycolic acids CH!'(c“z)ul‘CH-CH{CHz)ﬂ’FH‘FH'(CHz}M‘CHi
o & OH COOH

T Methoxymycolic acids CHy{CHy),~CH - CHA(CH,)-B~(CH,) - CH-CHH(CH,),.-CH,
epoxy CH, OCH, OH COOH
o IV Ketomycolic acids CH{CH,), -CH - C(CHL),-B-(CH,) - CH-CHACH),-CH,
,\W Methoxy CH, 0 OH COOH
¥ Epoxymycolic acids CHy{CHy), - CH - GH-CH-(CH,),-B(CH,)5-CH-CHA(CH,),,-CH,
W\W 1 CH, OH COOH
o

¥l o carboxymycolic acids OH-C-(CHL,)B-(CHy )y CHL-CH-(CH),-CHy
0

W OH COOH
ouk : Cl

X o1 methoxymycolic acids CH,—gg;([CH._.]“_L‘A-(CHZ)M-B-(CH;)',,-?H-?H-( H,),,-CH,
OH COO!

A H
M 3 Figure 1. Structures of the major mycolic acids described in mycobacteria.
cis trans cis
N\W 4 R=H A (disual) CH=CH ; E:f"‘c" g QFR{::‘
5,R=Mec
M 6R=H B (proximal) CHACH . cﬂzd?q"l : %%n : r\;f;:q i-"
1: R: Me éH; CH; CH,

The main values of n and n are 15, 17, and 19; those of n; depend on the nature of A and B. When no methyl branch is present in A and B,
or when a methyl branch occurs in both A and B, n; is 12, 14, and 16. In contrast, when a methyl branch is present in A or B, nz is 13, 15, or

FiG. 2. Structures of mycolic acids. 17. 7 Ie always 18, 21. or 23,



ykoloveé
yseliny

MTB standard

Fig. 1: spinal tuberculosis. The affection of the upper thoracic ver-
tebrae resulted in the collapse of T2 and ankylosis of T1-3. Site: |
Magyarhomerdg-Koényadomb, X-XI centuries grave No. 94, female, adult. I

|

K
AlL34 (rib 1) /f/\'
o0 00 alycollpids
. |
Forin F P F Al134 (rib 2)
J myecolic acids

——

=ES

W‘“““L//L_

L | 1 1 o
40 30 20 10 0
lipoarabino Time (minutes)
mannan hexaarabinofuranosy
Itermini Fig. 2 Initial reverse-phase HPLC separations of anthrylmethyl
esters of total mycolic acids from A134 (ribs 1 and 2), and the
Mycobacterium tuberculosis control. The total fraction of mycolic acid
derivatives was collected, in each case, for subsequent analysis by
arabinogalactan normal-phase HPLC (Fig. 3). Conditions are detailed in ‘Materials
and Methods’.
linker region
peptidoglycan
:| :[ MTB
orebortersosorieaprereriiertanoreores cponen .
| LIl %JB é (IS&%& (!) | | iyl I I Il
LAALALY LEAEVELALALARLAANALE Y
Fig. 1: schematic representation of the mycobacterial cell wall (not drawn to scale). The cytoplasmic membrane is encapsulated by a layer R
of peptidoglycan. The peptidoglycan backbone is attached to arabinogalactan through an unusual disaccharide phosphate linker region. I T 1 T T
The arabinogalactan is a branched-chain polysaccharide consisting of a proximal galactose chain linked to a distal arabinose chain. The ] 4 8 12 16
hexaarabinofuranosyl termini of arabinogalactan are esterified to mycolic acids. The mycolic acid chains are shown perpendicular to the Fig. 2 Initial reverse-phase HPLC separations of anthrylmethyl

cytoplasmic membrane with the exposed chains interacting with the mycolic chains of trehalose dimycolate. Another major component
non-covalently associated to the mycobacterial cell wall is the immunogenic lipoarabinomannan, which is aftached to the cytoplasmic
membrane by a phosphatidylinositel anchor. Small and hydrophilic solutes diffuse through water-filled protein channels. porins, whereas compared with those from Mycobacterium tuberculosis (MTB)
hydrophobic compounds use the lipid pathway. Proteins are represented by solid oval bodies. standard. Methods are detailed in Minnikin e al. 1993

esters of mycolic acids from calcified pleura from Karkur,



Ambra

Ambra je nahnédla latka, ktera plave na
hladiné a muze tvofit udajné az 500
kilogramu tézké plovouci tvary. Tato latka
se tvori ve stfevech vorvané a jeho télo ji
vyluCuje spolecné s trusem.

Ambreine

Ambra byla v SZ Africe znama jiz minimalné
od 9. stol. th Century. Jako parfém ji pouzivali
Ludvik XV i Alzbéta | (slouzi jako stabilizator
parféml). Rozpusténa ve viné se uzivala
jako afrodiziakum.




Ambra obsahuje 46 % steroll cholestanolového typu véetné (+)-epi-koprosterinu a
triterpenového alkoholu (-)-ambreinu (25-45 %), ktery je bez zapachu, ale tento material je
prekurzorem dalSich vonnych sloucCenin vznikajicich autooxidaci, slune¢nim zafenim a
morfskou vodou, jako je (-)-gamma-cyklogeranylchlorid a (-)-gamma-bicyklohomofarnesal.

Material si udajné dokaze udrzet svou vlni po staleti a obvykle zUstava jako amorfni hmota
bez tendence ke krystalizaci.

gamma homocyclo - OH
gerary! chloride alpha-armbrinal

A
Ambroxan

Degradacni produkty ambreinu: 13-ethoxy-8a,13-epoxy-14,15,16-trinorlabdane (1) and
12-ethoxy-8a,12-epoxy-13,14,15,16-tetranorlabdane (2).



Parafin

Parafin je bila, v surovém stavu spise nazloutla az nahnédla, amorfni smés
pevnych uhlovodiku fady C H,.., (alifatickych alkanu). Je bez chuti a
zapachu, ve vodeé nerozpustny. Ziskava se pri destilaci ropy nebo
krystalizaCnim odparafinovanim hnédouhelného dehtu, popfipadé se
vyrabi katalytickou syntézou.

Parafin se pouziva k vyrobé svicek, v kosmetice, izolace a impregnace materiall
proti vihkosti.



Boskovice, kostel sv. Jakuba
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Nukleove kyseliny

TABLE 85 Nucleic Acids

Abbreviation Full name Characteristic function
DNA Deoxyribonucleic acid Carries genetic instructions for making
living organisms
n-DNA Nuclear DNA enclosed within the chromosomes, in
deoxyribonucleic acid the nucleus of the cell; inherited from
both parents
mt-DNA Mitochondrial DNA in cell mitochondria; inherited only
deoxyribonucleic acid from the mother
RNA Ribonucleic acid Transfers genetic information from DNA to
proteins synthesized by the cell
m-RNA Messenger ribonucleic Transfers genetic information from nuclear
acid DNA to the protein synthesized in cell
ribosomes
r-RNA Ribosomal ribonucleic acid A stable, structure component of ribosomes
t-RNA Transfer ribonucleic Picks up specific amino acids and transfers

acid

them to the appropriate location in
m-RNA during protein synthesis




DNA v paleodemografii

(@
M4
-~
I I X chromosome
-~
M4 M7 M5
-
T Y chromosome
~
M6
mitochondrion:
DNA comes .
nucleus:
from both M12 34567 M8 91011121314 1516

parents . .

offspring cell

Figure 2. (a) Part of the amelogenin encoding gene showing the
location of the PCR primers. Fragment deleted in the Y chromosome
is indicated. (b) Sex identification of Ashkelon infants: M-—size
marker (1 kb DNA ladder); lanes 1, 8, “no DNA" PCR control; lane
2, “blank extraction” control; lanes 3-5, specimen No. 100; lanes
9-11, specimen No.94; lanes 12-14, specimen No. 96; positive
controls: lanes 6, 15, modern female DNA; lanes 7, 16, modern male
DNA.




UrCovani pribuznosti
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Archeozoologie

Dudley Castle, Leceistershire
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Fylogeneticka pribuznost
pleistocénnich medvedu

(@) (b)
Tremarctos ornatus
99 Ursus americanus
o I Ursus americanus
100 85 I Ursus spelaeus
L Ursus deningeri
85 E Ursus arctos
99 Ursus arctos
98 Ursus arctos
i: Ursus arctos
Ursus arctos
(©
site type age n yielding DNA  all 16 substitutions
Atapuerca U.deningeri ~400.000 5 5 2
Ehringsdorf U.spelaeus  230.000-110.000 1 1 0
Vindija U.spelaeus ~30.000 6 3 0
Coro Tracito U.spelaeus upper Pleistocene 3 3 3
Ehringsdorf / Taubach U.arctos 230.00-110.000 10 8 0

Figure 1. (a) Phylogenetic position of Ursus deningeri. Maximum parsimony tree using molecular data from cytochrome b.
The grouping of U. deningeri and U. spelaeus was well supported (1000 replicates). (b) Sites for the caves with bear samples
(c) Out of 25 samples, 20 yielded bear DNA, out of which 5 yielded all 16 polymorphic sites.



,JMolekularni
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Rate of change (changes/site/Myr)
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FiG. 3.—Molecular clock calibrations (nucleotide changes/site/Myr) derived from dated isolation events of New Zealand freshwater fish
populations. Blue symbols represent galaxiid divergences (Galaxiidae), and brown symbols represent Gobiomorphus breviceps (Eleotridae). Letters
indicate rates derived from multiple events for the same species (g, Galaxias gollumoides; d, Galaxias divergens; s, Galaxias ‘southern’; p, Galaxias
paucispondylus; b, Gobiomorphus breviceps). Where ages are represented by both minimum and maximum estimates (table 1), we employed the latter,
yielding minimum estimates of rates. The top graph represents coalescent-based estimates (error bars are the 90% highest posterior density). The red
lines are vertically translated exponential decay curves for galaxiid data representing best-fit estimates (solid line, y = 0.01876 + 0.03911 x F )
and upper and lower 95% confidence intervals of model parameters (supplementary text S1, Supplementary Material online). The bottom graph
represents “simple” rates based on net sequence divergences under either uncorrected (p distance, triangles) or HKY (diamonds) models of nucleotide
substitution. Two young calibration events yielded negative simple rates (maximum intracatchment divergence exceeded intercatchment divergence,
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DNA v paleopatologii

Tuberkuldza >

Lepra
Malarie
Cerny mor

UZPIETIT 111 ULLNLUCE (e




Klonovani vyhynulych zZivoCichu

l DNA extraction
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Blunt-end repair
and cloning

Transform and plate out bacteria
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Sequence clones

' - )
BLAST analysis to identify cave bear DNA M e d Ve d J e S kyn ni



Buvolec stepni (1923)

Vakovlk (tasmansky tygr) (1930)



Pyrenejsky kozorozec

Posledni pyrenejsky kozorozec,
samice Celia, byla nalezena
mrtva pod padlym stromem v
lednu 2000.

Kozorozec pyrenejsky (2000)

Jedna se o prvni druh, ktery byl klonovan, ale mladé uhynulo pouhych 7 minut po
narozeni na defekt plic.



Analyza vyzivy z koprolitu

Analyza DNA koprolitu obfiho lenochoda Nothrotheriops
Shastensis
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Analyza DNA

Ancient DNA /

Environmental DNA

Discrete materials Disseminated materials Modern

iscete materials - Genetically admixed _ Genetically admixed | environmental DNA
Y
Palaeodietary DNA Palaeoe(r;\gllré)nns?lir;tal DNA!
¥ Fossil DNA
Sedimentary ancient DNA Lake sediment DNA

(sedaDNA) j Dirt DNA | (lake sedDNA) Environmgntal DNA ;

‘, l

Coprolites Y Sediment
Y Y L Y Y Gutgontents Sediment Soil Lacustrine Ice Y Y L/
Teeth | Bones = Hair | Eggshell | Feathers Dental calculus Ice t Paleosols sediment | Sail Soil  Water  Sediment




Degradace DNA

Hydrolyse

Oxydation

Autolyse

Microorganismes

pH alcalin

Température basse

.

Dessiccation

Pression

4%

Présence de
matidre organique

Faible taux d'oxygéne

NN

Adsorption

/

/| V| VY

Tableau 1 . — Tableau récapitulatif du rle des différentes variables environnementales sur les
facteurs de dégradation de I’ ADN (modifié d’apres I. de los Santos, 1993). Ce tableau permet de
montrer, par exemple, que les températures basses diminuent 2 la fois I’hydrolyse, I'oxydation,
1’autolyse et I’action des micro-organismes et ainsi de suite... Les environnements qui cumulent

ces différentes variables sont plus favorables  la conservation de I’ADN.
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Fig. 2. Possible features influencing ancient DNA retrieval.
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Figure 1. Mean amplified fragment length and amplification success rate on different regions of logs 1 and 8-10 (grey bars,
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pg of DNA /tooth sample
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Fig. 1 Relationship between the estimated
quantity of nuclear DNA (c-myc 81 assay)
in DNA extractions from teeth vs. storage
time. Note that values for the estimated
quantity of nuclear DNA are shown in a
logarithmic scale on the y axis. The cross
refers to an outlier, by excluding this
sample the equation for the regression is:
Log(DNA quantity) = 5.550-3.862E-4 » time
+ 1.597E-8 * time2; 12 = 0.471).
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Theoretical proportion of amplifiable fragments ver-
sus amplicon size after a random degradation proc-
ess. Results are shown for cases in which the probability of a
nucleotide being damaged (A) is: 0.00125, 0.0025, 0.005, 0.01
or 0.02.
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Fig. 2 Probability of positive PCR amplification in four micro-
satellites different in fragment size vs. storage time of historic
teeth samples. Shown are the predicted models of the logistic
regressions for each locus based on two independent PCR amplifica-
tions per loci for 257 extracts. Circles indicate categorical means for
observed values.



Lesion frequencies (fiesion), rate constants (k), and half-lives (T ,2)

Lesion type Time (YBP) fiesion k (sec™) Ti)e (1)
DSB* 10,400 — 300,000-400,000 0.00013 . i
10,400 — 400,000-600,000 0.00037 3.7 X 10 8 % 10
SSB’ 10,400 0.00053 . i
19,000 0.0009 1.4 X 10 1.7 X 10
ICLe 10,400 0.44
19,000 0.49 . i
300,000-400,000 0.85 L4 2 1D 22X 10
400,000-600,000 0.87

YBP, years before present.
“Lesion frequencies of double-stranded breaks (DSBs) were obtained by comparing number average molec-
ular length (NAML) of doublestranded DNA from two sample pairs of different ages (10,400 w»s. 300,000

400,000 YBP and 10,400 vs. 400,000-600,000 YBP).

* Lesion frequencies of single-stranded breaks (SSBs) were obtained by comparing NAML of double-stranded
and single-stranded DNA from the same samples (10,400 and 19,000 YBP).

‘Lesion frequencies of interstrand crosslinks (ICLs) were calculated on the basis of data from a PicoGreen
assay on samples dated to be 10,400, 19,000, 300,000-400,000, and 400,000-600,000 years old. From the lesion
frequencies rate constants were calculated followed by calculations of halflives. See text and supplemental ma-
terial (http:/www.genetics.org/supplemental/) for details.
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Figure 1.—The survival probability of 120-bp
DNA fragments in Siberian permafrost estimated
from rate constants for single-stranded breaks
and interstrand crosslinks. The secondary yaxis
shows the corresponding number of remaining
templates of bacterial 165 rRNA genes that would
be present in one PCR reaction (as performed in
WILLERSLEV ef al. 2004a) assuming an initial bac-
terial density of 10° g=' of permafrost soil when
entering the permanently frozen state. The prob-
ability of fragments avoiding interstrand cross-
links was estimated from the rate constant
estimated by the PicoGreen assay by assuming
that each crosslink affects the affinity for Pico-
Green in a 10-bp part of the doublestranded
DNA. For further details see text.



Degradace DNA

400
Jako indikator pri vybéru vzorku pro analyzu DNA w00l
se pouzila mira racemizace Asp: vysoky obsah D- g
formy = mala pravdépodobnost dochovani g 2o e
pouzitelné DNA. 00
100
/%__ 0+ I ImEE S =S S
——F = - 0.04 0.10 1.00
{} log (p/L Asp)
’L Fig. 1. Extent of Asp racemization plotted (as the

logarithm of the D/L ratioc of Asp) against the max-

DNA iywolaﬁon imum length of DNA amplified (in base pairs).
Analysis of Acid hydrolysis ™~ Collagen

degradation v content
products

Quantitative analysis
of amino acids

Glycine D-aspartate
Aspartic acid L-aspartate

Fig. 5. Scheme of procedures to be undertaken when verifying macromolecular content of an ancient specimen
before DNA extraction.
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H
Oxidacni dukt " ‘
XI a Cn I p rO u y 3-Hydroxyhydantoin 5-Hydroxy-5-methyl-
(5-OH-Hyd) hydantoin (5-OH-5-Mekyd)
H*-.,h]\ H
H
Table 2. Amounts of damaged nucleotide bases (nmol/mg) in the samples analyzed. Sample numbers refer to Table 1 ﬁ
Sample  5-0H-b-MeHyd  SOH-Hyd 50H-Urn  56-di0OH-Ura  FapyAde 8-0H-Ade FapyGua EOH-Gea 5-Hve uracil 5 6.Di s .
T 042(006)  0.16 (<0.01}) 0.0 (0.01) NJA 00T(001) 0.1 {<001) O.1f (1.01) 0.75 (001) ¥ (55'_ Or;ng;:]‘” 5’65Dt_:h3’.‘g;xﬂ“’“'l
1 162 (0.85) 1.0 (0.40)  0.58 {0.90) N/A 0.33{0.05) 022{0.11} 042 (0.08) 2.65 {L5G) (5,6-diOH-Ura)
2 2,07 (1.46) 4,85 (1.20) <DL, <DL, <DL <DL <DL 0.98 {0401)
] 8.2 (1.00) 907 (210 <DL <DL <DL 0.58(0.22) <DL 1.46{0.40) NH
4 117 (051) 10.53 (2.02) <DL <DL <DL <DL <DL 0.65(003) 2
5 18L(s31) 1708 (108) <DL <DL <DL <DL <DL 153 {0.28) NP N
4 2.06 (0.43) L19 (016) .85 (0.18) M/A 021{0.00)  0.03{005 028 (0.11) 0.44 {0.12) ‘
7 305 (0.47) Lo (h43) 067 (0.22) N/A 093 {001)  0.27(002)  0.44 [0.08) 0.54{0.18) k N/R)
8 1469 (2.59) 19.10 (6.38) <DL <DL <DL <Dl <DL 1.31{0.10)
] 125 (=001) 000 (<000) 0.0 (<001} N/A 023 {<0.00}  0.29 (0.12) <DL 167 {0.51) lli
0 173 (L&) 2.86 (1.71) <DL <DL <DL <DL <DL 0.76 (0.28) £ Hyd . .
i 0,78 (0.3%) 055 (0.27) N/A L0 (020)  0.51{0.13) 087 (0-23) <DL 0.03(032) g (‘; éogyéua?me B'H(Irédg);!f:jt‘?me
= -aua - - []

Standard deviations are given within parentheses. N/A designates compounds that were not analyzed in the samples indicated and <DL indicates
that a compound was below the detection limit (0.005 nmol/mg). In addition to the compounds shown, 5-hydroxycytosine was analyzed and was
found to be below the detection level.

H NH-CHO
H, N)\\_\ NH,
2.6-Diamino-4-hydroxy- 4,6-Diamino-5-formamido-
S-formamidepyrimidine pyrimidine (FapyAde)
{Fapy(ava)

Figure 2. Structures of eight oxidative base modifications detected in the
ancient DNA. For 8-OH-Gua and 8-OH-Ade the keto forms, which predomi-
nate in aqueous solution, are shown.
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FIGURE 4: Amounts of modified bases in control DNA samples
and in DNA samples exposed to 10 kJ/m? of UV irradiation at 254
nm. Light bars, control samples; dark bars, irradiated samples. (A)
Yields of 8-OH-Gua (1), 8-OH-Ade (2), Thy gly (3), 5-OH-Hyd
(4), 5-OH-5-MeHyd (5), and 5-OH-Cyt (6). (B) Yields of 5-OH-
Ura (1), 5,6-diOH-Ura (2), 5-OHMeUra (3), and 2-OH-Ade (4).
Each amount represents the mean of three values that were obtained
by measurement of three independently prepared DNA samples.
Error bars represent standard deviations.
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FIGURE 3: Dose-yield plot of 5-hydroxy-5,6-dihydrothymine (5-
OH-5.6-diHThy). DNA samples were UV-irradiated (254 nm) at
the indicated doses. Each data point represents the mean of three
values that were obtained by measurement of three independently
prepared DNA samples. Error bars represent standard deviations.
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FIGURE 2: Dose-yield plot of 2,6-diamino-4-hydroxy-5-formami-
dopyrimidine (FapyGua). DNA samples were UV-irradiated (254
nm) at the indicated doses. Each data point represents the mean of
three values that were obtained by measurement of three indepen-
dently prepared DNA samples. Error bars represent standard
deviations.
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(FapyAde). (A) In the range of 0—1 kJ/m? of UV irradiation at FIGURE 4: Rate of deamination of cytosine residues in different poly-
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nm. Each data point represents the mean of three values that were . . .
obtained by measurement of three independently prepared DNA (@ — @) denatured E. coli DNA; (m - - m) poly(dG)-poly(dC).

samples. Error bars represent standard deviations. 1 nmol of a
modified base/mg of DNA corresponds to 232 modified bases per
10° DNA bases.

(A — - — - &) poly(dC).



Vliv teploty

7 00E+03

6,00E+03

m untreated
@6 h heating

Peak high after capilllary electrophoresis

STR loci

Fig. 6. DNA degradation after artificial heating procedure. The figure shows exemplarily the decrease of the specific STR fragments, D195433, vWA, and TPOX
from untreated (panel a) to 6 h heated samples (panel b) after Identifiler PCR amplification and capillary electrophoresis in an ABIPrism 310. (¢) Gives an overview on
average decrease of signal intensity (given in relative fluorescence units of peak high) of several STR loci showing the approximate 75% decrease of signal strengths
after 6 h of heating procedure.



Depurinace
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FIGURE 8: Arrhenius plot. Rate (sec™!) of depurination of B. sub-
tilis [14C]DNA in buffer A (pH 5.0) as a function of temperature.
(@) Native DNA; (&) denatured DNA.
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FIGURE 3. Rate of depurination of native DNA and rate of aspartic
acid racemization as a funtion of 1/K (K) at physiological pH: 4,
measured rate of aspartic acid racemization; O, rate of DNA
depurination; A, in vivo rate of aspartic acid racemization. (Reprinted
with permission from ref 22. Copyright 1994 Elsevier Science.)

log k

pH

FIGURE 9: pH dependence of the rate of depurination of native B.
subtilis [MCIDNA in buffer A at 70°. The dashed line is the one ex-
pected for specific acid-catalyzed hydrolysis, using the rate constant
obtained at pH 5.5 as a reference point.



Reakce DNA s formaldehydem

Reakci volné aminoskupiny nukleotidu (napf. guaninu) s formaldehydem vznika
Schiffova baze. Tato reakce se uplatriuje pfi konzervaci anatomickych preparatu
formalinem (35-40 % vodny roztok formaldehydu).
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Maillardova reakce DNA

Vazba aminoskupiny DNA v koprolitech bylozravcl na
aldehydovou skupinu sacharidt v koprolitu.
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Cinidlo na uvolnéni DNA z ﬂ
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Fig I, The structure of N-phenacyl-4,5-dimethylthiazolium bromide
(DMMPTE),
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Obr. 1-3. Strukturni vztahy mezi aldosami fady D.
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Cyklitoly a fytoova kyselina

Inositol

1 feo-inasitol OH
i H

. : . 2 L . .
e=-chiro-inositol OH seyilo-inositol
o=y 5

mywo-inositol

H
HO OH OH ~m
H -

. &“A ~ Uk |j \
i OH OH
epi-inosital muce-inositol

Mature Reviews | Molecular Cell Biology

Cyklitoly jsou obsazeny napf. v
medu.

\ - 0f
___.-'--\.L.r'-

HO H’_Jﬂi
Y §

Kyselina fytoova
(ester inositolu s kyselinou
fosforeCnou)

Soli fytoové kyseliny jsou obsazeny
v obilovinach a lusténinach



Polysacharidy




Prirodni gumy a klovatiny




Arabska guma

Z poranéné kury stromu rodu Accacia
(A. arabica, A. senegali).

Pojivové a emulgacni vlastnosti
Slabé nazloutla, rozpustna ve vodé.

Lepidlo (na papir), pfiprava akvarell a temper,
ochranny koloid.




Gumy ovocnych
stromu

Peckoviny:

tresen,  >

visen,
Svestka,
merunka, ...

Vlastnosti podobné arabskeé
gume, poskytuje roztoky s vyssi
viskozitou, pripadné pouze botna.

Tmavsi zbarveni — nevhodné pro
svetlé pigmenty.




Tragant

Kefe rodu Astragalus (iran, Syrie, Turecko)
Ve vodé se nerozpousti, pouze botna (gel).

Pfiprava pasteld.




Carob

Ceratonia siliqua (,svatojansky chléb®)

Svatojakubska guma se ziskava z endospermu
semen rohovniku Ceretonia siliqua, ktery roste ve
Stfredomofi.

Mumifikace (Egypt)
OH Potravinarstvi (cukrovinka)
o Kosmetika
OH
OH
< OH
OH
0 —o0
° OH oH CH on OH ol
GHCIH OH OH . 0 OH o'OH

OH OH



Karaya guma (indicky tragant)

Guma Karaya je produkt ze Sterculia urens.
Pouziva se jako zahuStovadlo, eulgator a
projimadlo v potravinach a jako lepidlo na zubni
nahrady. Pouziva se take k falSovani tragantové
gumy vzhledem k jejich podobnym fyzikalnim
vlastnostem.

Polysacharidy jsou CasteCné acetylovany.
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Tamarindova guma

Tamarindus indica (Indie, JV Asie)

Nasténné malby a miniatury
Potravinarstvi




Ghatti (Indian) guma

Guma Ghatti je amorfni prusvitny exudat
stromu Anogeissus latifolia z Celedi
Combretaceae.




Mesquitova guma (Chucata)

Produkt stromud mesquite, mistné znamy jako Chucata, je komeréné znamy jako
Mesquitova guma. Okrajové dostava nazev Algarrobo guma, ackoli tento nazev se
Casto pouziva v souvislosti s témi, které produkuji jihoamerické druhy P. flexuosa a
P. chilensis pochazejici z Argentiny a Chile. Mesquitové gumy se tedy obecné
vztahuji na vyrobky z Prosopis spp. puvodem z Méxika.




Cholla gum

Produkt rostliny Opuntia fulgida

Obsahuje L-arabindzu (51,6 %), D-
galaktézu (31,7 %), D-xylézu (15,0
%), L-rhamnédzu (2-3 %) a kyselinu
D-galakturonovou (11,2 %).

Opuntia fulgida (Nopal)



Khaya gum

Produkt rostliny Khaya grandifolia

Z Afrika

Potravinarstvi, farmacie




Guarova guma

Guma guar pochazi z endospermu semen lusténiny Cyamopsis tetragonolobus.
Cyamopsis tetragonolobus je jednoleta rostlina péstovana v suchych oblastech
Indie jako krmna plodina pro zvirata.

Kosmetika, potravinarstvi (cukrovinky)

Galaktomannan (alfa-D-galakt6zove a
alfa-D-mannozové jednotky)

OH

OH OH
OH 0

OH

OH
O
OH

OH o

OH

0 OH

OH OH



Tabulka 11 SloZeni polysacharidu®

. Arabska Tragant Ttesfiova | Svestkova | Broskvova
Monosacharid guma guma guma guma
(%)

kys. glukuronové 16 - 12 15 7
kys. galakivronova - 43 - - -
arabinosa 19 3 85 34 43
galaktosa 52 4 21 40 36
rhamnosa 14 - stopy - stopy
xylosa - 40 - 11 14
manosa - - 10 - -
fukosa - 10 - - -

Table 6.1 Sugar and uronic acid components of some gums and mucilages

Arabinose | Rbhamnose | Galactose'| Glucose| Mannose| Xylose | Fucose® | Glucuronic Galdeturonic
. acid acid
Gum arabic |+ + + + + + +
Tragacanth [+ + + + +
Cherry gum|+.+ + + + +
Guar gum + ++
Carob or
locust
bean + + +
Tamarind
seed gum [+ (?) + + +
Karaya gum + + +
Ghatti gum |+ + + + + + +
Cholla gum |+ + +
Olibanum [+ + +.
{4-O-methyl-)
Myrrh + +
(4-O-methyl-)

* 6-deoxy-L-galactose.
+ indicates that the sugar is present; ++ indicates a major component



Mikrobialni slizy: agar

Gloiopeltis furcata (morska trava)

O\ H
—= H CHzOH

0 H
A CHzOH
1 {0 /__f' H 2
o \ CH; H I_g o—=
H H 00—
H OH H A L
H

Q0

agaraose OH

T
T .
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Agar (jinak téz agar-agar) je prirodni polysacharid (linearni polymer galaktézy) s
vysokou gelujici schopnosti, ktery se vyrabi z Cervenych morskych ras rodu
Floridae. Pouziva se jako zivné médium pro kultivaci mikroorganismu a rostlin.
Taje pfi +96 C a tuhne pii +40 C.



Xanthanova guma

- slizovity gel produkovany bakterii Xanthomonas campestris, ktera
zpusobuje ¢ernou hnilobu na brukvovité zeleninég, jako je kvétak a
brokolice. Sliz chrani bakterii pfed viry a zabranuje jejimu vysychani.
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Celuld6za

cellobiose dimer (bwo glucose units in cellulose) __
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HOCH OH
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[3- C1-to-C4 bonds



Derivaty celulozy

Xanthat celulozy (celofan) = reakce celulézy s NaOH a CS,, poté se
srazi v kyselé lazni. Pouziva se jako obalovy material; nizka pevnost,
krehkost.

Nitrat celulézy. VVyroba nitrolakl (Zloutnou) a lepidel (napf. na
keramiku). Rozpustny v acetonu, esterech a smés ether + alkohol.

Acetat celulézy. \/yroba folii (jako mekcidla se pouzivaji ftalaty),
transparentnich laku a lepidel. Rozpustny v acetonu, dichlormethanu,
methanolu a smési aceton + alkohol.

Acetobutyrat celulézy. \/yroba laku a félii (konzervace papiru).
Rozpustny v acetonu, esterech, smeési toluen + ethanol (80/20).



Derivaty celulézy

Methylceluléza. Lepidlo, pojivo barev, zahuStovadlo a ochranny koloid. Rozpustna
ve studené vode, vyluCuje se z roztoku soli a horké vody.

Karboxymethyiceluléza. Sodna sul kyseliny celulosoglykolove, viskozita se liSi
podle polymeracniho stupné. Je anioaktivni a hydrofilni, nerozpustna v organickych
rozpoustédlech. Rozpousti se ve vodé a vodnych roztocich methanolu, ethanolu a
glycerinu. Pojivo a lepidlo papiru, zahustovadlo vodnych disperzi polymeru.
Mikrobialni degradace.

Hydroxyethylceluléza. Reakci ethylenoxidu s OH skupinami celulozy, vznikaji
polyethylenoxidové retézce. Ma neionogenni charakter. Ochranny koloid,
zahustovadlo vodnych disperzi polymerd, lepidlo na papir. Mikrobialni degradace.



Celuloid

Typicky celuloid obsahuje pfiblizne 70-80 dill nitrocelulozy (s 11%
obsahem dusiku), 30 dilt kafru, 0 az 14 dilt barviva, 1 az 5 dila
etanolu a malé mnozstvi ruznych stabilizatort a pfisad, které Cini

v s

celuloid trvalivéjSim a méné hoflavym.

.

v

Celuloid je vysoce horlavy a Casem kiehne, proto se uz nevyuziva v
tak velkém mnozstvi jako v minulosti. Zvétravani celuloidu je velky
problém pfi archivaci starych fotografickych filmu.

e
>i1 >1 >0

Vel. Britanie

1856 A. Parkes (,parkesin®)
1869 D. Spill (,xylolit®)

USA

60. Léta 19. stol. J. W. Hyatt
(od 1870 ,Celuloid®)




Lignin je slozkou dreva
zabezpecujici dfevnateni jeho
bunecnych sten. Je to

vysokomolekularni polyfenolicka
amorfni latka.
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Rostlinna vliakna

* Bavina (semena bavlniku)
* Len (stonky Inu)

* Konopi (stonky konopi)

* Kopriva (stonky koprivy)



Ostatni rostlinné materialy

Juta (stonky jutovniku, Corchorus capsularis) — J a JV Asie, J Amerika
Kapok (tobolky, rod Bombaceae) — J Asie, V Afrika, J Amerika

Ramie (stonky Cinské travy, Boehmeriae) — JV a V Asie

Kenaf (stonky ibiSku konopného, Hibiscus cannabinus) — JV Asie

Sunn (stonky bengalského konopi, Crotolaris juncea) — J Asie

Sisal (listy, Agave sisaliana) — J Amerika, Afrika, Asie

Novozélandsky len (listy, Phormium tenax)

Abaka (listy manilského konopi, Mussa textilis) — Filipiny, Indonésie, Indie

Kokosova vlakna (plody, Cocos nucifera) — Sri Lanka



lumen celulosovd sténa J\

Lignine @ @ ﬁ
Hemicallulose @ @ @
Obr. 9. Bavina o
Cellulose a — vlakno bavlny, b — fez vlaknem, ¢ — tvary vlaken v prifezu
o} Mool B

i) Wiarol ioril

Obr. 16. Vlakno Inu

a — kolénka (schematicky), b — St¥pitelny
svazek technického vidkna (schematicky),
¢ — shimek vldkna Inu

Qe
{d) Chisins of J-Q'L:\-d—o-qn

colluloss
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Chemie rostlinnych viaken

Bavina (92% celulozy)

« Celul6za
Len  (81% celulozy)
Konopi (74% celuldzy)
Juta (72% celuldzy)
« Lignin

-, e gy
D'::""bz"
_.l'._'-"lq‘h__
Amorphous Crystalline | Amorphous
Area Area Area




Upravena viakna na bazi celulozy

Chardonetovo hedvabi (nitroceluloza)

(rayon)

Médnaté (bemberske) hedvabi

Acetatoveé hedvabi (acetat celulozy)

Viskbzoveé hedvabi (xanthat celulozy)

HO

CH
/

OH HO

OH

NaOH + CS;
L el or ed

= Cellulose (ocottondinensSrayon)  Hydrophilicity: high
(I:'H E?HQOH

C—0 e
_0_::’___.-* Ef)H HC CXSH O‘REO_
H“‘-m(l: O,-"'il_ 0 _IHC (F,-'”

OHZ0H OH

- ([Didacetate (Rate ofreaction = 7494)

C?COCHS CH2OCOCHS
C—oC ¢d—o
—i0 —i0—
_'c’:dH ::E EHOCOCHSEC
¢c—o” = ° CT %
CHZz0COCHS OCOCHz

* Triacetate (Rate of reactionZ 92%:)
Hydrophilic: tendencie s— low

QCOCHz rT“Hz'C?'CfC'CHs
—c —o0
—i0 ,-""Ci T —0—
Co_ QCOCHz ¢ C ococHs G
‘“HCIF O/I_ o= ‘“‘“—-HC I?/
CHz0COCH OCOCHS




Termicka degradace celulozy

Do 100 C odolava, od 120 C se zacina rozkladat, 150 C vznika pyroceluléza
a od 240 C plynné zplodiny hofeni.

OH 0
B n
CH,0H HL——Q CH,OH
@ ) @) T,
Pol char|
”dzsuc Levoglucosan \
CH,0H /CHZ

OH
OH 0
0
ol

" HOCH o 0
5 &
H

OH

/

Products
of
Dehydration
and

Degradation

Fig. 1 Scheme of thermal degradation of celluloee,

1
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L zpisob: Cg) + Oyyy — COu;  (AHJs, 1600 =

CH————0
OH H
H
H OH
anhydroglukesova jednotka celuloay tevoglukosan
I, stadium — degradace levoglukosanu
CH, O
I zphsob maly podft zubelnatélych litek,
H ) —_— velky podit debtu a ‘t¥kavych
v nep¥Htomnosti prostéedku hoHavin-» hofent
wpomelajictho hofeni
H
OH H IL. zphsob velky podil zuhelnatélych latek,
—_ maly podl dehtovych latek a téka-
# ; 2 'k hoFlavin— nedochézi k hofenl,
v pfitomnosti prostéedku vye ,
OH H zpomahzjictho hoFeni jen k #havent
H OH
Tepelnou hilanci pomoci sluéovaciho tepla lze zndzornit zndmymi rov-
P P P ym
nicemi:

—395,728 kJ
—110,598 kJ
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Kysela hydrolyza

Citliva vaci kyselinam, snadno se
hydrolyzuji, zejm. za horka. Citlivéjsi
jsou vlakna s mensim podilem
krystalicke slozky.

Odolavaji pusobeni alkalii X snadno se
v alkalickém prostredi oxiduiji.

ON“ + H,.O —




Oxidace

?Hon —= —CHO - —COOH
AN
NP

I




Oxidace

CH,0H COH
H ° H 0
H H
OH H/H OH H/4
H H
CH,OH CH,OH
0 0
H/M 0, H
Qm— 0
OH H/4 H
#C—C




Mikrobialni degradace celulozy

Celuléza: enzymaticka hydrolyza celulazami (bakterie, plisné)

Plisné |
Cellulose Bakte”e

Chaetomium, Endo-N -14 -
Myrothecium, glucanases Cytophaga,
Memnoniella, Cellulose CeIIu.Ior.nonas,
Stachybotrys, £x0- -1 - el = Cellvibrio,

SNTIT glucanases glucanases BaCi”US,
Xletmm”"'Jm’ reliobiose Clostridium

ernaria,

Trichoderma, (cellobiase) T Sporocytophaga
Penicillium Glucose
Aspergillus

Fig. 3., Scheme of the enzymatic degradation of cellulose



Mikrobialni degradace celulozy

Faktory:

pH prostredi
Vihkost

Pristup kysliku

Rozsah pH a jeho optimum pro riist mikroorganismi

Drub mikroorganismu rozmezi pH  optimum pH
. -Bacillus thermofibrincolus 34117 8,0—8,4
Bacterium protozoides 50— 9,2 7,5
. Cellulobacillus varsaviensis 58— 8,2 1,5—1,1
.~ Cellulomonas biazotea 52— 6,9 6,4
, Clostridium cellobioparus 4,0— 80 5,5
. Cytophaga hutchinsonii 6,5— 9,0 75
. Sorangium compositum 4,5— 9,5 8,0—8,5
Spirochaeta c¢ytophaga 1,5—12,5 7,0—76
. Sporocytophaga cytophaga 2,5— 9,5 7.5
Vibrio napi 46— 1,6 7.6
5 Vibrio prima 46— 9,2 1,5—1,6
5 Actinomyces sp. 2,5— 9,5 11
- Mycoeoccus cytophaga 70

Rozsah pH a jeho eptimum pre rozmnoZovini plisni, odbourdvajicich celulosu

Druh mikroorganismu rozmezi pH  optimum pH
Aspergillus niger 1,2 6,7—1.,7
Aspergillus flavipes 2,5-9,0 6,5
Aspergillus faumigatus 3,0--8,0 5.6
Sporotricham carnis 28—-7,6 4,5
Trichoderma koningi 2,595 4.3
Myrothecium varrucaria 2,5—9,0 6,0
Humicola grisea 5,0—8,7 7,7
Humicola sp. 2,5—9,5 6,0
Botryosperum sp. 4,5—74 6,6 —7,4
Curvularia lunata 2,5—9,0 70
Minimélni relativni vihkost vzduchu potfebna k ristu plisni
I
relativni ' relativni
Drub mikroorganismu vlhkost | Druh mikroorganismu vihkost
v % ‘ v %

Rhizopus nigricans 93 Aspergillus versicolor 78

Trichothecinm rosenm 90 Aspergillus candidus 74

Cladosporium herbarum 88 Aspergillus chevalieri 72

Penicillium rugulosam 86 Aspergillus repens 71

Aspergillus niger 84 Aspergillus ruber 70

Penicillium wortmanni 81 Aspergillus echinulatus 63

Penicillium fellutanum 80




Skrob

Starchs, amylose & amylopectin

iy, . (ll 01 (fll,ull CHyl ml CH,OH
0,
«  Obili, ryze, brambory &_2 i ..:/.. :- <_/
OH H \U:V OH H OH H /| |rn6

Branch

(b)

<80 jim

C Chain
Semicrystalline '
A Chain

Amylose
Reducing
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Nonreducing 4 .
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Amylopectin
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Skrob

amylose

* Amyldza
* Amylopektin

+CH,OH

branching
O\/ point

«CH,

amylopectin

S jodem tvori modre
zbarveny komplex.

a A

Obr. 67. Schematlcké znézornéni stavby: amylogy (4), amylopektinu (B), glykogenu(C}.
a - aldebydové koncové skupiny; kroutky jesou rlukosové jednotiy.







Chitin

Polysacharid na bazi aminocukru;
hmyz, houby

Sklada se z N-acetyl-D-
glukosaminovych jednotek, vazanych
beta(1-4) vazbami.

cuticle made
of chitin

What is Chitin/ Clitosan?
Chilpsemn is o modified carbolydrule polymer derived from the
Chitin component of the shells of crustaceom, such as crab, shrimp ond cuttlefish.

LSﬁeEﬁsﬁ wastes from food pmces.sing)

Decalcification in dilute aquenns A rolufion

Deprotemation in dilpte aqueans NaCQH solution

Decolorization in 0.3% EMnO 4 ag. and Cralie acid aq. or sunshine

Deacetylation in fnt concentrated NaOH solpiion (40-509)

( Chitosan )

OH OH OH OH
4]
i, N, he, h,

Fig. Z. Prepration of chitin and chitosan




Terpenoidy

Monoterpenoidy (C 10)
Seskviterpenoidy (C 15)
Diterpenoidy (C 20)

Triterpenoidy (C 30)
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Monoterpenoidy

« Terpentynovy olej

e« Kafr

Kafr je latka dfive ziskavana
odstredénim a sublimaci vycistéeneho
podilu destilace dreva skoricovniku
kafroveho (Cinnamonum camphora)
nyni synteticky.

Cinmamomum Camphera T

fiees

Cherm.



a-pinene
Camphene
Isobornyl acephate
Isoborneol

Synthetic camphor

@_
D~
O

£

a-pinene f-pinene
- ) limonene A3-carene

s
> -
-

3-phellandrene a-myrceng f-myrcene '
%l\ Xo j‘vOH Ki(—, § :OH
camphor " borneot and fenchone fenchyi ‘
isoborreol alcohol
OH
= l
N '
‘ OH = ° OH
1,8-cineole

menthol thymol linaloot

Figure 8.1 The structures of some monoterpenoid components of oil of turpentine and essential oils.



Pryskyrice

Rostlinného ptivodu
recentni

fosilni

Z1ivocisneho puvodu

Terpenoidni a ne-terpenoidni

Rozpustné zejm. v malo polarnich a
nepolarnich rozpoustédlech

Priprava lakt , politur, adheziv

Me 0O0H
=,
Me 3
3 "
Labdane c20) Abietic acid Pimarane
(Diterpene, iterpene, C20) .
e.g. Pinaceae, Cupressaceae (Diterp (Diterpene, C20)

Aromcamaceae

Lupane Euphane
(Triterpene, C30) (Triterpene, C30)
e.g. Betulaceae, e.g. Pistachia

Birch tar ( mastic , turpentine )

Hamachalene
(Sesquiterpene , C15 )
e.g. Cedrus , Juniperus

Ursane

(Triterpene, C30)

e.g. Buseraceae
(frankincense, myrth)

Figure 4. Molecular structures of some key parent constituents
of ancient resins.



Diterpenoidni pryskyrice

Labdanes
ozic acid communic acid larixol
16
7
Abietanes
& 5'cooH * coon
laevopimaric acid abietic acid palustric acid neoabietic acid
~F ~F
Pimaranes 7
*cooH " cooH ” cooH
pimaric acid sandaracopimaric acid isopimaric acid

Scheme 1. Diterpenoid labdanes, pimaranes and abietanes from Pinaceae resins. Carbon numbers are depicted for one compound
according to common nomenclature.



(a) (b) (c)

FIG. 1—Chemical structures of principal resin acids: (a) palustric acid; (b) dehydroabietic acid; (c) abietic acid; (d) neoabietic acid; (e) levopimaric acid;
(f) pimaric acid.



Borova pryskyrice, kalafuna, rosin
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~-COOH S~ COOH “\COOH

palustric acid laevopimaric acid abietic acid

“~CooH . “~COOH
necabietic acid dehydroabietic acid 7-axodehydroabietic acid
[}
) .
- gt?\// ;6j -
™-COOH “COOH “*~COOH “~COOH

pimaric acid nnda;auopimlric acid  isopimaric acid AB-isopimaric acid
Figure 8.2 The structures of some abietane and pimarane diterpenoid components of conifer resins. .7-oxodehy-
droabietic acid is not an original component but is commonly found in old; oxidized samples. ‘
/
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Scheme 2 Scheme showing the proposed pathways for the biodegradation of abietadienes



Strasbursky
balzam

Abies alba

Ziskava se z pryskyrice
jedle bélokoreé.

UULLIGLOG




Kanadsky balzam

Abies balsamea

Ziskava se z pryskyfice jedle
kanadskeé. Pouzival se pri pfiprave
mikroskopickych preparatu.
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Myrrha

Commiphora myrrha
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Pouziti myrrhy,
kadidla a mastixu

44

Kultovni ucely (vykurovani)

Mumifikace




Sandarak




Manilsky kopal

Agathis alba




Kauri

novozelandsky jehlicnan péstovany pro
cenn¢ dievo a pryskyfici.




Fosilni pryskyrice

intensity ratio f,c,q/ 44

®O04d 44 BPEIOGO

Pinus nigra ssp. pallasiana (recent)

Picea abies (recent)

Copal, Colombia {250-500 years)

Copal, Madagascar (2000-10000 years)
Kauri resin, New Zealand (2000-10000 years)
Fossil resin, Merit Pila (about 18 million years)
Fossil resin, Dominican Republic

(20-45 million years)

Faossil resin Kiflachite-Jaulingite (Tertiary)
Fossil resin Copalite, Gablitz/Purkersdorf
(Tertiary, about 50 million years)

Baltic amber (Tertiary, 35-50 million years)
Fossil resin Walchowite (Early Cretaceous)
Fossil resin, Lebanon (Early Cretaceous)
Fossil resin, Golling/Salzburg

(Early Cretaceous, 120-130 million years)

linear regression

------ 95% confidence range for regression

YN

e

0 P
107 10!

102

108

10 10% 108 107 108 10%

age [ years

Figure 2. Plots of intensity ratio (1640/1440 cm~") as a
function of age.
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normalized intensity (arb. units)

Imitation, epoxy resi

Imitation, polystyrene

Fossil resin, Golling/Salzburg .
(Early Cretaceous, 120-130 million years)

Fossil resin, Lebanon
(Early Cretaceous)

Fossil resin Walchowite
(Early Cretaceous)

Fossil resin Copalite, Gablitz/Purkersdorf
(Tertiary, about 50 million years)

Fossil resin Kéflachite-Jaulingite
(Tertiary)

(20-45 million years)
Fossil resin, Merit Pila

(about 18 million years)

Kauri resin, New Zealand (2000-10000 years)

Copal, Madagascar (2000-10000 years)

Copal, Colombia (250-500 years)

Picea abies (recent)

Figure
and imi

. : : ' : : : \
250 500 750 1000 1250 1500 1750 2000
wavenumber / cm™

1. Raman spectra of recent (bottom) to fossil resins
tation materials (top); intensity normalized for equivalent

intensity of the 1440 cm~" band. Note the age-dependent
intensity change of the 1640 cm~" band relative to the
1440 cm~! band in natural resins.



Jantar




Ambroid

= lisovany jantar (drobné kousky jantaru se hydraulicky slisovaly v ocelové form¢)
naustky dymek

cigaretove Spicky




Diterpenoids

““COOH ‘COOH “"COOH
v oo
r S k r I C e pimaric acid sandaracopimaric acid abietic acid
““coon “"cooH R
18 19

dehydroabietic acid trans-communic acid R=COOH agathic acid
R=CH,OH agatholic acid
R=CH,0Ac acetoxyagatholic acid

Triterpenoids

OH

"0,

dammaradienone hydroxydammarenone dammarenolic acid

R;=H R,=CH; R3;=CHO oleanonic aldehyde
R;=CH; R;=H R3=CHO ursonic aldehyde
R;=H R,=CH; R3;=COOH olecanonic acid
R;=CH; R;=H R3=COOH ursonic acid
R;=H R,=CHj; R3=COOH moronic acid*
(*) double bond located at C,g

COOH COOH

CH;0CO

0y

1y

(iso)masticadienonic acid 3-O-acetyl-3-epi(iso)masticadienolic acid

Scheme 1. Structures of some diterpenoids and triterpenoids.



Mastix (masticha)

Pistacia lentiscus

(pistaciova pryskyfice)

pryskyrice ziskavana z malého mastichovniku
Pistacia lentiscus z Celedi sumakovitych, ktery
se vyskytuje hlavné ve stredomorskych zemich.
Pfi poranéni kury stromu pryskyfice vytéka ve
formé kapek.




Methyl moronate

Methyl oleanate Methyl masticadienonate

Figure 1. Major acid constituents of the genus Pistacia resins (R = CHg).

Masticha je prahledna a ma svétle Zlutou az zelenou barvu. Ve starovéku se masticha
pouzivala predevsim jako lepidlo, k vyrobé laku, jako €k a k aromatizaci.



Damara

THE DAMMAR A SFRCIES UF TINTS.

Pebledod by WMol A




Damara e i




Fig. 3. Molecular structures of the main neutral components of dammar and mastic resin: I, dammaradienone [3-oxo-dammara-
20(21),24-diene, C4,H 0, MW 424]; 11, nor-B-amyrone (3-oxo-28-nor-olean-12-ene, C,,H 0O, MW 410); ITI, dammaradienol
(3-hydroxi-dammara-20,24-diene, C3,H;,0, MW 426); IV, nor-a-amyrone (3-oxo-28-nor-urs-12-ene, C,oH, 0, MW 410); V,
hydroxydammarenone (3-0x0-20-hydroxy-dammar-24-ene, C;,H;,0,, MW 442; two stercoisomers exist, which are reported to be
epimeric at C,, [3], one of the two is also known as dipterocarpol); VI, oleanonic aldehyde (3-oxo-olean-12-en-28-al, C5,H 4,0,
MW 438); VII, ursanic aldehyde (3-oxo-urs-12-en-28-al, C;H,0,, MW 438); VIII, nor-olean-17(18)-en-3-one (C,oH 0, MW
410); X, 20,24-epoxy-25-hydroxy-dammaren-3-one (C;,H;,0; MW 458); XI, 3-0x0-25,26,27-trisnordammarano-20,24-lactone
(C,;H,, 04, MW 414).



~ (OOH retro-
Diels-Alder

MW 314 Da MW 154 Da MW 468 Da

Figure 5. Reactions proposed to take place during the aging of dammar and mastic. Oxidative rearrangement |ll—V was demonstrated to
occur in aging of solutions of g-amyrin with sunlight by Agata et al.20 Structures of type V can very easily undergo a retro-Diels—Alder reaction
(demonstrated for a derivative by Melera et al.3"). Reactions of these types could occur in the aging of dammar and mastic components having
an oleanane and ursane skeleton. The peroxide Il is an intermediate formed by autoxidation of oleanonic acid (Il) that can also be oxidized to
IV. Structure IV was found in naturally aged varmishes from paintings.8

OH

heating ageing

(skeletonization) (oxidation)

Hexakisnor-dammarandione Hydroxy-dammarenone Epoxy-hydroxy-dammaranone

Scheme 1  Hydroxy-dammarenone and its ageing and heating products.



cross-linking

oxidative and J} cleavage

Fig. 8. Degradation scheme of the communic acid-based polymer. (a) Carbon—carbon double bonds are
active site for cross-linking and cleavages. Cleavage reactions occur with radical mechanisms: B-scission or
oxidative scission. (b) Cross-linking proceeds further, leading to a saturated network of bicyclic units
connected by a polymer chain.

Figure 10. Autoxidation (AO) occurring in darkness gives a
straightforward explanation for yellowing. C=C bonds are converted
to unsaturated ketones via allylic oxidation, and elimination of hydroxy
groups enlarges the unsaturated system. Subsequent autoxidation
could lead to conjugated diketones, which are yellow (a). Combination
of condensation reactions with autoxidation can also lead to unsatur-
ated diketones or quinones (b).

Fig. 7. Proposed oxidation mechanism of oleanolic acid.



Elemi

Canarium luzonicum

H,C
CH,4
CH, H,C
CH,4
HO
H,C CHy
(1)Ry=H R,=CH; a-Amyrin (3) Hop-22(29)-en-3B-ol

(2)R;=CH; R,=H B-Amyrin

Fig. 1. Chemical structure of the main components of the triterpenoid fraction of Burseraceae resins: (1) a-amyrin, (2) B-amyrin and (3) hop-22(29)-en-3-ol.



Draci krev

Dragon s blood, a red resin described by
Dioscorides, the

Greek botanist from the first century c.e.
and by other early writers, was derived
from a number of different plants. A
main source of the resin seems to have
been Dracaena cinnabari, a tree of the
agave family, from which it is exuded as
garnet colored drops when the trunk or
branches of the tree are

injured. The early Greeks and Romans
believed dragon’s blood to have
medicinal properties. Its main use in the
ancient past, however, was as a coloring
material and, since the end of the : — _ :
eighteenth century Italian crafters used it P 25 2
as a varnish for violins. ¥ P |




Draci krev

OCH,

Dracorubin

OCH;

Dracorhodin

Fig. 1 Chemical structures of dracorubin and dracorhodin, the main
constituents of dragon’s blood resins from Dracaena.




Slyricee.

Benzoin

Sumatra

Styrax Benzoin Dryind



Styrax (ambron)

Styrax officinalis

benzoin
(2-hydroxy-2-fenylacetofenon)

Zpracovava se jak pryskyrice, tak
dfevo i kira




Table 2

Compounds identified in benzoe resin, storax resin and in sample 243 collected

from an archaeological censer

Compound

Benzoe

Storax

Archaeological censer

Benzoic acid
4-Hydroxybenzaldehyde
Resorcinol

Vanillin

Cinnamic acid
3-Hydroxybenzoic acid
4-Hydroxybenzoic acid
Vanillic acid

Cinnamyl alcohol
4-Hydroxy-benzenepropanol
p-Hydroxycinnamic acid
Oleanolic acid
Oleanonic acid
3-Phenyl-2-propanol

+ 4+ + 4+ + + + + +

+

+

+ 4+ + + + +

+ + 4+ + + 4+ + + +




Peruansky balzam

Peruansky balzam pochazi z extrahované
tekutiny  (tzv.  pryskyfice) z  kdry
balzamovniku. Voni po vanilce a pusobi
antisepticky, proto se peruansky balzam
nachazi v mnoha vyrobcich, jako je
Sampon, kondicionér a pletova voda.




Copaliba

Olejovita pryskyrice

(genus Copaifera)

J Amerika

Capiifars alfislenlis L,

Lizsalpiniareas




Selak

HOMyC (CHplg . OH
\ / aH
c—rc~"
H*”7 \

/

CHjCth?H(CHﬂ4COOH

iw (CH,);COOH OH

aleuritic acid

butolic acid

z vymeésku samicky Cervce
lakového (Kerria lacca)
(Indie, Thajsko) r—L
I.
|
L

jalaric acid laccijalaric acid l

_

l alkali treatment
0,?

3 E ;COOH

A=COQH, epiiaccishellolic acid  ~———
R=CH,0OH, epilaccilaksholic acid

probable primary components

alkali treatmeant

- R=COOH, epishellolic acid
R=CH20H, epilaksholic acid

+ +

QH COOH

) COOH -
R _H .
. CH, OH
-

R=COOH, shellolic acid
R=CH,0H, laksholic acid

R=CQGCH, laccishellolic acid

Figure 8.8 Aliphatic and sesquiterpenoid components of shellac. The two probable ‘primary’ sesquiterpenoids are
shown in the dotted box; the other compounds below could result from the alkali treatment used in the isolation
procedure, while two of them could also be formed by autoxidation as indicated.



Pouziva jako barvivo, potravinarska poleva Ci k povrchove uprave dreva.

H

O, COOH HO COOCH
HOOC,, HOOC { E
ﬁé CH,OH -—~CH,,0H
HO COOH o E
OH‘BS{ OH- Epishellolic acid Shellolic acid
e
—CH,OH

H HO COOH HO COCH
. HOCH,., HOCH,,
Jalaric acid '
“—CH,0H N £ CH,0H
z B
Epilaksholic acid Laksholic acid
HO COOH
HOOC& HOOCHO COOH
 — + e
> OH Epilaccishellolic acid Laccishellolic acid
—_—>
=- HO COOH

HOCH,.,
Laccijalaric acid '

Epilacci]akshofic acid

Figure 1. Cannizzaro-type disproportionation of sesquiterpenic compounds under alkaline
hydrolysis.



Urushi (japonsky lak)

Rhus
vernicifera

OH
OH

R =(CH2)14CH3 or

R = (CH2)7CH=CH(CH2)5CH3 or

R = (CH2)7CH=CHCH2CH=CH(CH2)2CH3 or

R = (CH2)7CH=CHCH2CH=CHCH=CHCH3 or

R = (CH2)7CH=CHCH2CH=CHCH2CH=CH2 and others.

Keramicka karafa stara 3 200 let.
Podle Cervené zbarveného urushi
1ze usuzovat, ze tato karafa mohla
byt pouzivana jako ritudlni
nadobi. Urusi se vSak od obdobi
DZz6émon pouzivalo také ke
spojovani ulomka ktehké, pii
nizkych teplotach palené
keramiky a také jako natér, ktery
zabranioval jejich vytékani.



A

OH Laccase OH
OH O Iy
@i N C( . H (3)
R R
(11} (2}
dispro.
OH
Q Ei@ H
ﬁ‘l;\(o {CH: ) e-[CH=CH)+-CH-CH.
R (PPN () @
) - * — (5) (O H).
R YT O N "'c{
* OH

.
v OH
-
l P
{(CH-CH-(CH=CH)Y:-CH.
©-E.’JH‘,.-

R

(B)
Scheme 1. Laccase-catalyzed oxidative coupling of urushiol. (1) Urushioi; (2) seimquinone radical; (3)
biphenyl dimer; (4) urushiol quinone; (5} nucleus-14th carbon of side chain C-C coupling dimer; {6)
nucleus-8th carbon of side chain C-C couphng dimer.



N
OH oH Laccase ) oH R
O O g
R R (OH)z (OH)2 » on
(1) @

Figure 5. Laccase-mediated oxidative coupling of urushiols: {1) urushiol; (2) dibenzofuran.

-HC=CH-CH2-CH=CH-CH=CH-CH3 (1)

D2

-(‘iH-CH=CH-CH=CH-CH=CH-CH3
OOH

OH
e
R
Urushiol
4
R
C,g—o- + CH-CH=CH- C-CH=CH- + Hz0
OH OH 0
@

Figure 6. Autoxidation of urushiofs: (1) side-chain of urushiol;
{2) urushiol-semiquinone.




Aje (axin, mexicky lak)

Aje neboli Axin je tukova latka produkovana Coccus Axin, polokfidlym hmyzem

Zijicim na ruznych druzich Spondias a Xanthoxylum.

V Cerstvém stavu ma zlutou barvu a zvlastni Zlukly zapach, tavi se pfi 35 C, je
rozpustna v horkém koncentrovaném lihu a v éteru, snadno se zmydelnuje a po
vystaveni se méni na tvrdou hnédou latku, nerozpustnou ve vodeg, lihu a éteru.

[og W o m ——

Coccus Axin

P VI QeneT Wl 1L /a,zc




Drevni kreosot

Produkt suché destilace dreva pfi teploté cca 200-215 C, mulze se ziskavat i ze
sazi z nedostateCné suchého dreva. Hlavni slozky jsou kreosol (2-methoxy-4-
methyl-fenol) a guajakol (2-methoxyfenol), v mensi mife methylkreosoly, kresoly,
xylenoly a |.

*kreosot technicky, ze dreva listnatych i jehli€natych stromu, pouziva se k
impregnaci dreva a jako flotaCni médium pfi upravé rud;

*kreosot farmaceuticky (lat. creosotum fagi), bezbarvy nebo zluty, vyhradné
z bukového dreva, aby se ziskal maximalni podil guajakolu a minimalni podil
ostatnich slozek; pouzival se jako desinfekCni prostfedek a antiseptikum, proti
tuberkul6ze a plicnimu kataru a proti daveni.

Smolné saze - kreosot
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Cedrium
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Fianra ?  The oac chromataoram of the unuced emhalmine matervial fraom Saankh_kara (1500 re) Analucic af the

Plinius Starsi (23/24-79 n.l.) popisuje technologii:
“Drevo toho stromu se nastipe, viozi do peci a Chromatoaram balzamacni
zahriva se ohném zvnéjsku. Prvni kapalina vytéka g

. - . 7 substance z Saankh-kare
podobné jako voda trubici; v Syrii se to nazyva (1500 BC)
‘cedrova Stava’[lat: cedrium), a je tak silna, ze ji v '
Egypté pouzivaji k balzamovani mrtvych.”



Borova pryskyrice

Veletiny, Sipka typu Stramberk-Krnov

(x10,000,000)

4.0 \4
3.0
2.0

IIO_JK

.5!0. —t .7]5 it

Chromatogram chloroformového extraktu vzorku nativni pryskyfice (A kyselina abietova, PA kyselina
pimarova, MD methyl dehydroabietat, D kyselina dehydroabietova, R reten, V vinylguajakol, | isovanilin).



Milir

Vyroba dfeveéného uhli

Vyroba dehtu (jako vedlejSi produkt)

Paleni milife v roce 1900




Borova smola / dehet

Varianty
zahloubenych
miliFu




Borova smola /dehet
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Borova smola / dehet

Jednokomoroveé pece




Borova smola /dehet
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Pozustatky stfedovéké dehtarské pece a
rafinaCniho pracovisté z Berlina

Abb. 5: J. W Medl: Der Thegrbramnar (1755), Dorn 160, SMPK.
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Borova smola / dehet

Dvouplastovych komorové pece




Borova smola

Za pristupu kysliku

" COOH “COOH “COOH

laevopimaric acid abietic acid neoabietic acid

N | /

““COOH
dehydroabietic acid (DHA)

SN

OH

OH HO™ >
“COOH *COOH COOH

7-hydroxy-DHA 15-hydroxy-DHA 3-hydroxy-DHA

\ N

OH

o HO™ >~
“COOH “COOH

7-ox0-DHA \ 3,15-dihydroxy-DHA

OH

0
“COOH
7-ox0-15-hydroxy-DHA

Fig. 2. Oxidation scheme of abietanes.



Vyroba kolomazi

Rynartice (SZ Cechy)

Vzorek hmoty ze dna rozkladné komory dehtarské pece (1. polovina 15. stoleti)

(x10,000,000)
2.0

RM

1.5+
1.0

0.5—- DA

P T 1 "":15.5' 'l'_'l_é.o' " 475 200 225 250 215 300

Chromatogram (Scan mod) chloroformového extraktu vzorku z Rynartic (DA
dehydroabietin, R reten, MD methyl dehydroabietat, D kyselina dehydroabietova).



Vyroba kolomazi

10,000,000
3.5(—i{’ 000)

1 L3
3.0

237 L1

] MD
207 L4
L2

Chromatogram (Scan mod) chloroformového extraktu
vzorku z Mostku (DA dehydroabietin, R reten, MD
methyl dehydroabietat, D kyselina dehydroabietova, L4
lupa-2,20(29)-dien, L3 lupa-2,20(29)-dien-28-ol, L2
lupenon, L1 lupeol, B2 betulon, B1 betulin).

Mostek (V Cechy)

Vzorek z vnéjSiho povrchu
keramického fragmentu z blizkosti
dehtarské pece (14. stol.)




Aplikace boroveho dehtu

au. COOH

dehydroabietic acid
S
COOH 7-oxo-dehydroabietic acid
didchydroabictic acid abieiiclacid l
20.00 22.00 24.00 26.00 28.00 30.00 min.
b
au.

'00CH,

© methyl-dehydroabietate
18-norabietatriene . @
tetrahydroretene

T T T
14.00 16.00 18.00 20.00 22.00 24.00 min.

Figure 4 GC-MS chromatograms of the acidic fraction (a) (the acidic species are present as TMS esters) and of the
neutral fraction (b) of sample 37 from the waterproofing materials of ship F.



Kolomaz

Primési
Terpentyn
Lnény olej

Ldj

Abb. 15. Abschmieren ¢ines Reisewagens im 15. Jahrhundert.
Nach S, Brant, Das Nareensehiff (1494). Photo: Deatsches Museum, Minchen




Analyza pyrolyznich produktu

(x10,000,000)

3.5
3_0—5
2_5—3
2_0—3
1_5—3
1_0—3

0.5

MD

archeologicky vyzkum
domu €p. 308 v Tabore
(15. Stoleti).

Chromatogram (Scan mod) chloroformového extraktu
vzorku z komorového kachle z Tabora (F fluoranthen, P
pyren, R reten, MD methyl dehydroabietat).
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Abb, 1. Wagenschmlerofen, Standort Amsberg. Zeichnung: H, Frank
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Brezova smola / dehet

Adhesives
Tanning Dyes
Textiles «—— | i, - Decorgtlng
% & ceramics
Containers Making roof
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Brezova smola / dehet

Pozulstatky nadob s perforovanym dnem (Meklenbursko), zpusob jejich
pouziti a pravdépodobny archeologicky doklad.



BIOMARKERS TRANSFORMATION MARKERS
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Brezova smola / :

lupenone

lupenone

dehet

dehydration when
heating

v

lupa-2,20(29)-diene

-, .

CH,OH

Oxidation . O

bétulone bétulone

- .

CH,OH

dehydration when
heating

v

HO'

betulin lupa-2,20(29)-dien-28-ol

allobetul-2-ene

DEGRADATION MARKER



Brezova smola / dehet

Aplikace

100+

Relative intensity (%)
e

45 50 55 60 65 70

Retention time (min)



Bohaty pohfeb vychodni halstatské kultury
(cca 600 b.c., ml. doba Zelezna),
Langenlebarn, Ldkr. Tulln, Dolni Rakousko,




Smési s lipidy (plastifikatory)
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Figure 1. Representative HTHRGC/MS total ion current trace of the ester fraction from smoke particle extract of Castanha-do-Para.
Numbers refer to carbon chain length of free fatty acids (analyzed as the methyl esters).



relative abundance (%)

55

|dentifikace brezove smoly/dehtu

365 395 42642

350

400

450

500

(x100,000,000)

150

L4 L1

125
1.00
0.75 4

L3L

0.50 ]

0.25 ]

50 100 ) 1§.Io 200 230 300 350 0.0

Chromatogram (Scan mod) chloroformového
extraktu vzorku z Ivanovic na Hané (L4 lupa-
2,20(29)-dien, L3 lupa-2,20(29)-dien-28-ol, L2
lupenon, L1 lupeol, B2 betulon, B1 betulin).



Kaucuk

Prirodni

Synteticky (1909, Néemecko, polyisopren)

cis-1,4-polyisopren n

Hevea brasiliensis




Prirodni kaucuk




Vulkanizovany kaucuk

1844 Charles Goodyear

W

polylisoprene) sulfur

W CHARLES GOODYEAR
F/ﬂ,(’fy

B
Isso 1930

cross-linked poly(isoprene)

Ebonit = prirodni nebo synteticky kauCuk vulkanizovany vysokym procentem siry.



GutapercCa

Od roku 1840

trans-1,4-polyisopren

Palaquium gutta

JV Asie (Malajsie)



Gutaperca

Gutaperca je oproti pfirodnimu

kaucuku tuzsi a tvrdsi

HzC HzC H=C HzC HzC HzC H=C HzC

e e e N e N W e

Matural Rubber

CHsy CHs CHs CHs CHs CH=

NP NP P PP

Gutta-percha



Balata

Ziskava se ze stromu Manilkara bidentata
v Guyane a Zapadni Indii.

Stejné jako gutaperca je balata nepruzna,
houzevnata, kozovita a odolna vuci vodeé a
pfi zahFati mékne. Casto se pouziva jako
nahrada drazsi gutaperci, zejména pfi
vyrobé golfovych micka a strojnich pasu.




Uhli

je hnéda, ¢erna nebo hnédo-Cerna hoflava hornina. Nékolik druht podle
obsahu uhliku v ném — ¢im méne uhliku, tim nizsi kvalita a efektivita.
Lignit — je nejmeéne kvalitni druh uhli. Uziva se vyhradné pro vyrobu
elektfiny nebo vyrobu technologického tepla. Je tfetihorniho pavodu, ma v
sobe pfriblizné 60 % uhliku.

Hnédeé uhli — pouziva se k vytapéni domacnosti nebo k vyrobé tepla a
elektfiny. Ma v sobé priblizné 80 % uhliku. Tézi se pfedevSim povrchové.
Cerné uhli — ma vysokou hustotu, jeho barva je obvykle &erna az
hnédocerna. Uhli je prvohorniho a druhohorniho pivodu.

Sub-Bituminous Bituminous Anthracite ‘
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Vznik uhli

CHANGES IN RANK OF COAL

INCHEASE IN COAL RANE | | |

FEAT BROWN COAL SUR-RITUMINOUS COAL BITUMINOUS COAL
Carbaon cantent 60%, Carbon content G0-71%, Carhon content 71-77%, Carhon content 77-87%,
volatile matter > 53%, valatile maoatter 53-49%, volatile matter 49-52%, volatile matter 42-29%,

average calorific value 16800 kj/kg,  average calovific value 23000 kj/ ke, average calorific value 29300 kifky, average calorific value 36250 kj/ kg,
moisture conlent = 75% (in-situ).  moisture confent 35% (in-aitu ). moisture content 25-10% (in-situ).  moisture condent 8% (in situ ).



Tézba a pouziti uhli

Od doby prumyslové revoluce je uhli pfedevsim dulezitou energetickou surovinou.
Velka Cast svétove vyroby elektfiny (40 %) vyuziva spalovani uhli, které probiha v
klasickych uhelnych respektive v tepelnych elektrarnach. Uhli se krome vyroby
elektrické energie pouziva také k vytapéni a ohfevu vody (vyroba technologického
tepla), uhli je také velmi cennou primarni surovinou pro mnoho odveétvi chemického

prumyslu.
- Cerné (kamenné): vyroba koksu
- Hnédé: palivo, vyroba syntézniho plynu
- Lignit: palivo
- Raselina: palivo

Elementarni sloZeni ropy a uhli

c H 0] S N
Cerné uhli 87-91 425 26 0515 1,218
Hnédé uhli 73-80 58 1016 14 0,3-0,6
Ropa lehka 85 14 0,3 0,1-0,5 0,06
Ropa stiedni 84,6 12,9 0,6 1,5 0,6
Ropa tézka 8384 11 1-2 35 0,8
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Kamenouhelny dehet

Suchou destilaci Cerného uhli (vyroba koksu)

Uhelny kreosot, kreosotovy ole;




Aromatic Hydrocarbons
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Benzene Toluene Ethylhenzene Hylene
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Bitumen, asfalt

BIOMARKERS ALIPHATIC BRIDGES
P T Vv alkanes

NN alkenes

C-ring monoaromatic sterane

(m/z 253)
AROMATIC SHEETS
PYROLYSIS @‘ R m‘ i
> alkylbenzenes alkylnaphtalenes
Regular sterane
(miz217)
alkylanthracenes alkylphenanthrenes
Hopanes
(m/z 191) alkylbenzothi i i

Scheme 1. Structures of specific asphalt markers and biomarkers.

Figure 2. Molecular structures of some typical biomarkers found in the C,;, alkane fraction. Steranes are represented by

d) Sx(H), 142(H), 172(H)-208-24-ethylcho

ethylcholestane (abbreviated to 20appS). (5) C

tan,

abbreviated to 29xza8) and (f} 5x(H), 14B(H), 17p(H
13B(H}, 14a(H)-tricyelopol

renane (abbreviated to 23/3) is generally the



Bitumen

Table 1. Main use of bitumen in antiquity and prehistory

use of bitumen

examples

excavations with examples studied

mortars in construction building

waterproofing agent

adhesive and glue
domestic artefacts
jewellery
sculpture

mummification

temples, palaces, terraces, floors, ziggurats,
door threshold, courtyard

mats, baskets, jars, water reserves, bathrooms,
water pipes, cisterns, boats, sarcophagi

sickles, tool handles, statues, jars, decoration
(game, lyre, temple, pillar, ostrich egg)

spindle whorls, balls, dice, wall cones

bead, ring, gold badges on clothing or for horse
harnesses

sculpture, cylinder and stamp seal of Susa in
bitumen mastic

mixed with conifer resin, beeswax, grease to
prepare mixtures for embalming

Mari, Babylon, Larsa, Haradum, Qal’at al-
Bahrain, Mleiha, Failaka

Tell es-Sawwan, Tell el’Oueili, Qal’at al-
Bahrain, Saar, Baghdad, Ra’s al-Junayz, Susa,
Failaka, Tell Brak

Tell Atij, Netiv Hagdud, Umm El Tlel, Mari,
Tell Halula, Ras Shamra, Susa

Tell el’Oueili, Failaka, Saar?, Qal’at al-
Bahrain, Susa, Tell Brak

Umm al-Qaiwwain, Ulu Burun, Susa, Saar
Susa

Egyptian mummies from the Queen valley and
from several Museums (Lyon, Hannover, Paris)




Bitumen

Bitumen-painted ceramics from Tell Sabi
Abyad (northern Syria, cca 6000 BC)

FIG. 2 a, Drawing showing the black bitumen traces on the upper face of
the convergent scraper. On this face, the sinuous trace goes across the
scraper and follows the convex curve of the right edge, at a distance of
1¢m. In the proximal third, the trace swerves to end on the right edge. b,
Reconstruction of the presumed handle of the convergent scraper. c,
Drawing showing the black bitumen traces on the upper face of the
Levallois flake, made on a subquadrangular, 4-cm long and 4-cm wide,
small piece. The black traces are only on the face shown. There are small
marks, creating three parallel lines to the edges at a distance of 1cm. d,
Reconstitution of the presumed handle, only valid for the limits of the
handle on the artefact.



Obrazky z pitvy mumie

Bitumen
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Bitumen
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FIG. 1 Location of archaeological sites and bitumen sources.
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FIG. 3 Terpane distribution pattem (m/z 191) of the chloroform extract of
the Umm el Tlel scraper, compared to characteristic fingerprints of two well-
known natural asphalts: Abu Gir in the Bichri djebel in Syria, and Hit along
the Euphrates river in Iraq. Terpanes from the Bichri djebel oil-stained
sands contain significant tricyclopolyprenanes but much higher Tm-to-Ts
and gammacerane-to-hopane ratios. Abbreviations: Tm, C27ap-hopane;
Ts, C27ap-nechopane; 29xfH, C29xf-hopane; 30MafH, 2x-methyl-
C29ap-hopane; 23/3, C23 tricyclopolyprenane; 24/4, C24 tetracyclic
terpane; 33/6, C33 hexahydrobenzohopane; 31/6*, the novel C31hexa-
hydrobenzohopane, referred to as structure 6 in ref. 24,



Bitumen

BLACK SEA
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M Natural asphalts deposits

Figure 1. Map of the Near East showing the locations of the major natural asphalt deposits (e.g. Hit-Abu Jir, Dead Sea, Kirkuk,
etc.).
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Ternarni diagram hrubého sloZeni organickych latek extrahovanych chloroformem nebo dichlormethanem
("nasycené + aromatické latky", "pryskyfice" a "asfalteny"), ktery poskytuje srovnani mezi vzorky

bitumenu z As-Sabiyah, Ra's al-Jinz, Bagdadu a Kosak Shamali a ropnymi prisaky a surovou ropou z
Burganu (Kuvaijt).



Bitumen
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Fig. 1. Southern Gulf lowlands of Mesoamerica showing collection locations of field and archaeological bitumen samples. Field samples: (1) Jaltipan,
seep; (6) La Cangrejera, seep; (7) Rancho Orel, seep; (8) Emilio Carranza, seep; (9) Paso Nuevo, seep; (11) Coatzacoalcos, beach; (13) San
Cristobal, seep; (14) Sayula, well; (16) La Concepcidn, seep; (20) San Carlos, seep. Archaeological samples: (101) El Remolino, El Bajio arca, Profile
Operation, Domestic Area-2; (102) El Remolino, El Bajio area, Profile Operation, Domestic Area-1; (103) El Azuzul, Represa; (104) Isla Alor, Unit
1; (105) Loma del Zapote; (106) Paso los Ortices, Unit 1, bitumen pit feature; (107) San Lorenzo, A4, Ilmenitas; (108) San Lorenzo, B3—5; (109) San
Lorenzo, C3, Monument 14; (110) San Lorenzo, D4—22; (111) San Lorenzo, B3, Monument 57; (112) San Lorenzo, D5—31; (113) El Macayal,
Unidad Villaseca; (114) La Nueva Abundancia, Pozo 12; (115) San Lorenzo, C5—6. Symbols correspond to geochemical classification.
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Mumio

Mumio (“horsky balzam”, “horsky pot”, “horska krev’ nebo “horské slzy”) je znamo vic nez

I

2000 let, jeho plavod je zahadny, je pravdépodobné Ze se pod jednim nazvem skryva vice
substanci.

Nachazi se zejména na horskych stitech Asie(Pamir, Altaj,
Hindukus a Tsao-Shing), uvadi se i z Japonska a Alziru. Misty
nalezu byvaji nepfistupné horské jeskyné a rozsedliny ve
vySkach cca 2000 a 3500m, se specifickymi podminkami —
teplota (zimni a letni), mnozstvi slunecCniho zareni a mnozstvi

srazek.




Mumio

Komplexni a heterogenni smés huminovych substanci, ukazujicich na rostlinny material.

Dalsi slozky: lipidy, proteiny, sacharidy a lignin.

Hippurova kyselina a koprostanol ukazuji, ze pfi vzniku mumia hraji roli i zvireci

exkrementy.

or

n-alkany s dlouhym retézcem
indikuji prfitomnost rostlinného
materialu.

Stopy skvalenu - zdroj jsou
olejnata semena.
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Dalsi substance oznac¢ované za MUMIO

Bitumen: pouzivan v arabské medicingé, hlavné k uzavirani ran. Byl oznaCovan jako
,mumija“.

Po anexi Egypta zacali ,mumia“ oznalovat i zachované pozustatky starych Egyptanu,
protoZe byly balzamovany (také) pomoci bitumenu.

Ve 12. stoleti se tak, diky nedokonalému pfekladu arabskych Iékafskych spisu Gerardem z
Cremony, prosadil nazor, ze bitumen a mumifikované tkané jsou jedno a totéz.

Az do 19. stoleti proto byly na prasek rozemleté mumie
pouzivany v Evropé jako IéCebny prostredek proti radé
chorob od epilepsie po nechutenstvi.




Sapropelit (Svartna)

Vznika metamorféozou sapropelu — usazeniny vzniklé anaerobnim rozkladem
odumfelych Casti vodnich rostlin a planktonu. Sediment tmavohnédé az Cerné
barvy, podobny bridlicné horniné vystupuje v nadlozi Cerného uhli predevsSim v
kladensko-rakovnické oblasti, kde byl systematicky tézen a obraben Kelty .




Grafit

Tvori pigment ve vapencich a jilovitych bridlicich.
Loziska grafitu vznikaji pfi pfeméné usazenych
hornin ze zbytkl organickych latek a tvofi vrstvy
nebo CoCkovita télesa v rulach, svorech, fylitech
nebo mramorech.




Diamant

Krystalicka forma uhliku, nejtvrdSi znamy mineral.
Vznika v zemské kure za vysokych teplot a tlaku v
ultrabazickych vyvrelinach — kimberlitech. Nalezisté
diamantd jsou znama v Indii (oblast Golgonda), v
Brazilii (stat Minas Gerais), v Jizni Africe a v Rusku.
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Nizkomolekularni latky



Tabak

b

Nicotine, NIC

Adriaen van Ostade,
An Apothecary
Smoking in an Interior
§ig- 43 4—C Bauerntabak (Nicotiana rustica).

A Blithende Pflange. B Blitte. € Diefelbe im Langsdnitt.

1646, oil on panel.
D —J Gewihnlider Tabak (N. Tabacum,).

E Bliite. F Jrudt. G Same. H Terjelbe im Lingsfdnitt. J Narbe.
Nad) Engler-Prantl.)

D Blithende Pflanze.



Tabak

Detail chrupu muze stfedniho véku z
East Kirk of St Nicholas (Aberdeen; 17.

stol.)
Table 1: Nicotine concentrations (ng/g) in the human remains from Kirchheim.

Group n Age ng/g W

1 2 0-9 32.7- 58.8 Wﬂh
2 2 10-19 31.8- 36.9 . A

3 2 20-29 33.6- 35.4

4 4 30-39 33.0- 46.8 \Q Qﬂ

5 2 40-49 37.5-149.7

6 3 50-59 33.3- 55.2

7 3 70-80 31.8- 39.8 \\\\x\\\\\&‘\‘\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\‘\\\

8 5 adults (20-80) 31.2- 44.4 Y

W



Bun

Tetrahydrocannabinol (THC)

i f i

=

Canmabis satina 1

Pazyryk (skytska mohyla)
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PLate XX —Erythroxylon cocad (Coca). (From Jackson: Esperimental
Pharmacology and Malerige Medica.)




TABLE 1

Radiocarbon Dating and Cocaine Tests from the Pisagua-7 Site

Radiocarbon Dates

13C-corrected
Conventional
Cocaine Test Radiocarbon Calibrated
Mummy ng/ Pos/Neg 14C Age(+-1 Date*****
Number Age(Yr) Sex* Matrix**10mg*** aae Lab No. sigma B.P.) 2 sigma
726-A 57 1 H 0.3 Neg GX16097 2955 1443-858
(Muscle) +-115 [=1154
BC(RAD)
723 25-30 M H 0.7 Neg GX16098 2695 1012-764
(Skin) +- 85 =833
BC(RAD)
725-A,C2 40-45 F H 133 Pos Beta 169826 2850 1140-900
(Hair) +- 50 [=1000
BC(AMS)
741 34 F N 5.6 Pos Beta 170070 2730 940-810
(Hair) +- 40 1=850
BC(AMS)

Figure 1. A coca-leaf “quid” distends the left cheek of the naturally mummified remains of a 36-year-old

*Sex: [ = Indeterminate, M = male, F = female.
**Matrix: H = hair, N = nail.

**#19/10mg = nanograms/10 milligrams of sample. Values of 3.0 or greater = positive.

**#4Neg = negative, pos = positive.

#x#4#] = value at line of intercept. (RAD) = radiometric method; {AMS) = accelerator mass spectrometry method. GX = Geochron

Cambridge, b Beta = Beta Analytic Laboratory, Miami, Florida.

male from the Maitas Chiribaya culture.




Stanoveni v lidskych pozustatcich

CONCENTRATIONS (ng/g) OF ALKALOIDS AND METABOQLITES

— Cocaine Nicotine Hashish
Peru (natural
mummijes)
Hair 220-13 900 (12) | 28-1400(12) 501700 (17)
Soft tissue 43-1371 (10) 57-1997 (6) 49-2795 (8)
Brain 42-185 (4) 84-587 (3) 15-138 (4)
Teeth 10-113 (5) 17-104 (7) 15-39 (4)
Bone 26-326 (16) 39-577 (26) 14-276 (20)
Egypt (artificial
mummies)
Hair 24-200 (4) 140-900 (4) 8004100 (4)
Soft tissue 70442 (8) 125-1045 (10) 59-2875 (10)
Bone 25-110 (6) 45-1050 (11) 36-2800 (10)
Bell culture
Bone 0 (10) 56-142 (8) 0 (10)
Sudan
Bone 0 @ 87-93 (2) 0(2)

No of samples in parentheses.



Kakao

Kakaovnik pravy (Theobroma cacao)
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N/
Mimature jar ¢ =T |
[E=sS [S=s N
— a b
8K Figure 10. Spouted vessels from Colha, Belize containing substantial cacao residues; a: Unnamed Black and Fluted
A T (Chunhinta Ceramic Group) type jar found in burial Strat 67 of Op. 2012 (after Valdez 1987:107-108; b: Unnamed Black,

Fluted, and Red Stuccoed (Chunhinta Ceramic Group) type jar found in burial Strat 61 in Op. 2012. (Iustrations by Jenifer
Bryan and courtesy of Thomas R. Hester and Fred Valdez, Jr.)

m grayware bow

pckless jar

Ceramic ladle

Fragments of large eitigy
pridgespout jar (with fragments
of combed-bottom bowl below

g
bragespout | T T———= Plain bridgespout jars
--'"'-.-'_'_d_

Medum-sized efligy Large brownware vesse

bridgespout jar

small eftigy bridgespc
—— Squash elhigy jar

— Mediwm-sized carinated bow

Fragments of

combed-bottom bowis

Figure 5. Late Preclassic spouted vessels from Oaxaca; a: spouted jars from Burials 5a and 5b, possibly a husband and wife
from an elite family, at Abasolo, Oaxaca (after Marcus and Flannery 1996:171). Illustration courtesy of Joyce Marcus.



Paprika

Paprika (Capsicum)

Chinense

Cultivated

144



HO

D¢H3

Paprika

Capsaicin

Table 1. Quantitative analyses of capsaicinoids in fresh fruits and archaeological samples

CH
3

Capsaicin Dihydrocapsaichin

Sample weight (mg)? (mg)?
Sample (mg) (percentage content) (percentage content)
Capsicum annuum, 499 0.429 + 0.004 0.154 + 0.003
fresh fruits (0.086%) (0.031%)
Capsicum frutescens, 966 0.036 + 0.005 0.049 + 0.005
fossil fruits (0.0037%) (0.0051%)
10482 (R.233)" 1072 nd°® nd
10493 (R.236)" 984 nd nd
10523 (R.239)" 1146 nd nd

? Mean + standard deviation (n=3).

® Archaeological sample from cemetery number 2 at Yaral (Peru).

° nd = none detected.



Betel

Listy peprovniku betelového

Orech arekové palmy (nezralé)

PIPER BETLE.—Liny.—De Blanco.
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CHs

N .
arekaidin
_ OCHs guvacin
guvakolin
0
arekolin

Vlastni betelové sousto se pfipravuje tak, ze se na listy
peprovniku betelového obvykle da vapno a dale se polozi
cast semene arekové palmy, pripadné kousek korene
gambirovniku. Takto pripravené komponenty se tésné
zavinou do peprovnikoveého listu, vliozi do ust a sousto se
intenzivné zvyka.




prirodni droga, ritualneé uzivana
indianskymi kmeny (Huicholové,
Tarahumara) v Mexiku

NH

2

MeO OMe
OMe

meskalin

kaktus Lophophora williamsi



Alkoholické napoje

Alkoholické napoje jsou napoje, obsahujici prfes 0,75 objemovych procent
ethanolu.

Jejich poziti zpUsobuje opilost: v menSich davkach (v zavislosti na metabolismu
jedince) uvolnéni a euforické stavy, nebo pocity napéti, ve vétSich davkach utlum,
nevolnost az otravu.

High tolerance

Low
tolerance

Pasy dle typického druhu alkoholu, které se na daném
uzemi konzumuje (pas vina, pas piva, pas vodky)



COOH COOH
H—0OH HO—H
H—40OH ~ HO—H
COOH COOH
For R Rumpolymerc ragments HO_ _COOH HO,, _COOH
Maividin-3-glucoside In the polymerized pigment I = :[
Figure 3. Production of syringic acid. Syringic acid is released from HO™ ™ COOH HO™ ~COOH

the flavylium structure of malvidin-3-glucoside in the potymerized
pigment by alkaline fusion through the formation of a hydrated
hemichemical form in which the pyran (C ring) is broken in two steps.

Vino lze ve vyjimecnych pfipadech (napf. v amforach z Tutanchamonovy hrobky v Egypté)
identifikovat na zakladé pfitomnosti charakteristickych biomarkerd. Pro vino je typicka
kyselina tartarova). Malvidin-3-glucosid je flavonoidni pigment zodpovédny za Cervenou
barvu vina, nelze ho ale stanovit pfimo — zalkalizovanim vzorku se z né&j uvoliuje kyselina
syringova, ta se detekuje a jeji pfitomnost pak charakterizuje Cervené vino. Pritomnost
pouze kyseliny tartaroveé ukazuje spise na bilé vino.



Vino Keramika
Paleobotanika
polyfenoly
vinna Kyselina
syringova Kyselina

(specificka pro Cervené vino)

(Markers from; |
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P IVO \ / Stavelan vdpenaty

- - (,,p1vni kdmen*)

Nelze specificky prokazat.




Reesterifikace lipidu

Ethylestery MK v tuku
(vlasy, tukova tkan) — forenzni material:

vyznamné zastoupeni v tkanich
chronickych alkoholik

Incorporation of
FAEEs into hair:

1111

oz Ethylestery mastnych kyselin byly

ol F iot from ethanol of the seb o AL

i glm";@fﬁpm‘{f;; viithe bayes of nalezany ve vlasech mumii (muzu i
P Zen) kultury Chiribaya (JZ Peru, poust
s Atacama, 1000-1250 n.l.). Zdrojem

s O ethanolu byl fermentovany kukuricny

N FIRELY of the hair root of meorporation direct via . I I “
LA - the blood circulation napoj ”ChICha :




Case 1
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Case 2
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0-1.5 1.5-3 3-5 5-7 7-9 915
Distance from hair root (crm) -

Case 1 abstinent
Case 2 prilezitostny (spoleCensky) pijak

Case 3 alkoholik v IéEebné (60 gramu ethanolu/ den po dobu 6 mésicu).



Kontaminace vzorku
CO-0-R
@CG-G-R

R=alkyle ramifie en G, ,,

Plastikové nadobky a sacky
ftalaty (mékcidla plasta)
Kontakt s lidskou pokozkou

skvalen (soucast tuku lidské kuze)

eeeeeeee

hair
follicle
blood
vessels

smooth muscle gland k Kl




Chlorované pesticidy




Anount {1,008 lbs}

Cl
Cl Cl

Cl Cl

Donestic Production, Consumption, and Exports of DDT in
the United States, 1998-1972

Source: EPA-548/1-75-822, p, 149

156866

188688

s8868

a L L L L
1958 1955 1968 1965 1978

Year

DDT concenlration:

10 million Hmes

[ Production Donestic Consunption —— Exports

DDT in water & = L &
0.000003 ppm B\
; =l




HCH (lindan)

Technicky lindan je tvofen zejména gama-isomerem hexachlorocyclohexanu,
HCH (99%). Pét ostatnich isomeru se v technickém lindanu opét vyskytuje,
nemsaji vsak insekticidni ucinek.

Cl

Cl
Cl

Cl

Cl Hexachlorocyclohexane (HCH)




Figure 3 The powder seen on these objects from the
‘Arkeologikelderen’ is DDT in approximately 20%
concentration.

Figure |. DDT crystals on the surface of a wooden sculpture.



Chlorované latky a muzejni exponaty

Table 1 Survey of ab-[adsorption losses of insecticides from five different materials. All losses are given in %
in proportion to reference.

Pinewood Woven wool Paper Veg. tanned leather Duck down
p-dichlorobenzene 34 43 31 0 43
Naphthalene 11 36 6 0 13
Lindane 6 0 0 3 0
Aldrin 7 2 1 1 0
Dieldrin 12 11 10 0 5
DDT 19 13 13 7 0
Methoxychlor 0 0 0 1 0
Table 2 Insecticides found in the 118 samples taken: number analyzed, results of analysis, and detection limits
Jor each insecticide. Control analyses have not been performed on the amounts of lindane, aldrin and dieldrin found.
Name Number of analyzed Analysis results Detection limit
samples s ) {mglg, sample material) _Table‘.?- The vapour pressure qf_ the seven anal}fz_e'd
insecticides. Data from The Pesticide Manual, British
p-dichlorobenzene 9 No positive, many traces 0-062 Crop Protection Council (1979)
Naphthalene 96 26 pos =27% 0-005
;wl = 8:8_2, Name Vapour pressure
Lindane 102 2pos  =2% 0012
Rpos =008 dichlorobenzen 2 g
Aldrin 102 Tpos =1% 0017 p- ene 920 Paat 20°C
X =0 »”
% — 090 Naphthalene 65 Pa,
Dieldrin 102 Ipos =1% 0017 Lindane I'3mPa,, |,
Zpos = 0-60 Aldrin 700 pPa.,,
— 0, N . .
DDT 102 ;0 pos = 11433;9 0-039 Dieldrin 400 ,uPa v
Rpw = 3787 Lood) 2 KPa,
Kpos > 5 =206-40 (9 samples ) Methoxychlor very low
Xpos < 5 = 0-87 (41 samples)
Methoxychlor 102 28pos =27% 0-021
Ko =086
X =314

H




Chlorovana latky v muzejnich
exponatech

Table 2. Geometric means (95% confidence intervals) for DDT compounds and other selected organochlorine residues in skin of free-tailed
bats from Carlsbad Cavern (concentration values are expressed in pg/g lipid weight; means for each chemical with shared letters are not sig-
nificantly different)

Year
Residue 1930 (n = 3) 1956 (n = 4) 1965 (n = 8) 1973% (n = 35) 1988 (n = 0)
DDE 14.7A 27.2AB 86.3BC 128C 30.8AB
(7.28-29.7) (17.2-42.9) (69.6-107) (48.7-335) (9.31-102)
DDT 21.5A 23.1A 32.5A 2.33B 1.30B
(10.7-43.4) (14.5-36.9) (28.3-37.5) (1.32-4.10) (0.504-3.33)
DDE/DDT 0.682A 1.17A 2.65A 54.9B 23.8B
(0.535-0.869) (1.09-1.27) (2.19-3.21) (35.3-85.4) (5.72-99.0)
DDTs toxic load® 22.5AB 25.0AB 38.4A 10.9BC 3.96C
(11.1-45.5) (15.6-39.8) (33.5-44.1) (4.54-26.3) (1.51-10.4)
o,p’-DDT 11.3A 6.40A 7.79A — 0.489B
(7.72-16.6) (5.35-7.65) (6.81-8.92) (0.272-0.881)
PCBs 79.7A 76.TA 04.3A — 23.1B
(44.1-144) (54.7-108) (56.7-72.9 (11.0-48.2)
Dieldrin 0.897A 1.36A 1.91AB — 4.62B
(0.523-1.54) (0.898-2.06) (1.78-2.05) (1.44-14.9)
Lindane 0.786A 1.47A 1.03A — 0.267B
(0.623-0.993) (1.27-1.69) (0.878-1.21) (0.126-0.563)

# Data were estimates based on analyses of whole bats minus gastrointestinal tract; see text for further explanation.
P Equivalent to pg/g DDT plus ([pg/g DDE]/15); see text for further explanation.



Barviva



Fyziologie i
zraku

Citlivost lidského oka na barvy

3 druhy bunék oka hrubé odpovidaji

(d) Organization of the retina {e) Convergence modré, zelené a éervené
Horizontal b the reting

To optic

Amacrine

Relativni citlivost

Neurons where | Ganglion ==
signals from rods cell Cone (color vision)
N tegrated | BPO1a"  Rod (monochromatic vision) 400 480 500 600 650 70O
R Vinova délka [nm]



Absorpce zareni

Yellow

primary
A

White
light

complementary complementary

complementary

Shining white light on different colored paints

white light coming in Chlorophyll A
Chlorophyll B

—— Carotenoids

Amount of Light Absorbed

green surface
Wavelength of Light (nm)



TABLE 92 Ancient Dyes

Color Dye (common name) Source
Vegetable Source
Black Carob Caesalpina brevifolia trees
Sticky alder Aldus glutinosa trees
Walnut Shells of Juglans nigra nuts
Brown Chestnut Fruit of Castanea sativa trees
Blue Indigo Indigo (Indigofera) plants
Woad (Isatis tinctoria) plants
Green Myrtle Myrtus communis shrub
Yarrow Achillea milleforium
Orange Henna Various species of Lawsonia shrubs
Purple Archil (or argol) Lecanora tartara and other lichens
Red Alkanet Roots of Anchusa tinctoria plants
Annato Fruits of Bixa orellana shrubs
Brazil wood Various trees of the Caesalpine species
Madder Roots of Rubiacea plants
Sandalwood Wood of Pterocarpus santalinium trees
Violet Ficus Ficus tinctoria trees
Yellow Berberry root Berberis vuigaris bush
Fustic Chlorophora tinctoria trees
Quercitron Quercus discolor and Quercus tinctoria
Young fustic Rhus cotinus trees
Gambier Resin exuded by Uncaria gambir shrubs
Safflower Bastard saffron (Carthamus tinctoria) plants
Saffron Saffron (Crocus sativus) plants
Turmeric Curcuma plants
Weld Reseda luteola plants

Animal Source

Light blue
Purple
Red

Tekhelet
Tyrian purple
Cochineal
Kermes

Lac dye

Several varieties of fanthina molluscs
Murex molluscs

Coccus cacti insects

Female Kermococcus vermilia insects

Lac resin, secreted by Kerria lacca insects




Indigo

OCH, 04 0
\ fermentation
B ——————
N
\
H H
Indican Indoxyl

Scheme 1 The production of natural indigo and the by-preduct indirubin.

Isatis tincforia (woad).
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Table 1. Characteristics of selected indigoid compounds and their precursors

Amax (n)
Class Compound Structure (DMSOQ)
Indigoid coloring agents  Indigo, indigotin (blue) o . 617
N.
N
H
o
Indirubin (red) 540
Isoindirubin (red) [o] o 552
9 I
N
H
Isoindigo (brown) 365
H 490
N
-
N
H
6,6"-Dibromoindigo (purple) O H 585
O N. O =7 597
Br N
H
o}
Indigoid precursors Indican H 218, 280
o
o HQ /OH
H
0
N
H
Isatan 2 on 218,280
OH
0
OH
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Figure 3. Mechanism of the ozone-indigo reaction.
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Mayska modr
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The crystal structure of palygorskite: Projection along the a-direction, showing the various coordination
polyhedra above and schematic presentation of the channels in the lattice



gBLUE SAMPLE
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I- iﬂ_dOX)’l 1I- 3-oxindole
IH-ind-3-ol (1,2-dihydro-3H-indol-3-one, MW = 133da)
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III- indogotine (indigo)
MW =262 da
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IV- leucoindigo
MW=264 da




Tyrsky purpur

(¢)

(a) Purpura haemostoma
(b) Murex truncu/us
(¢) Murex brandaris

050;

/@Cg—scn,
Br N

\

H

Tyrindoxyl sulphate

] ——

N\ SCH,4 /N Br
H

Tyriverdin

l hv,-CH,SSCH,

Scheme 2 Production of Tyrian Purple from Murex Brandaris



Tyrian purple

0 H
@ \”Br
Br N\
H (0]

Details of a mosaic in San Vitale, Ravenna, dating
from ca 547 A.D. The mosaic represents the Emperor
Justinian wearing a mantle reputedly dyed with
Tyrian Purple.



Anthrachinonova barviva

anthraquinone

CH,CH, 0H
COOH ¢ OH
HOOC:
OH
HO OH
0 OH
laccaic acid B laB
CH; o OH OH
HOOC-
H
HO oH H
0 OH
carminic  acid ca
i
CH,CH,NCCH,
0o
COOH OH
Hooc
OH
HO OH
0 OH
laccaic acid A la A

Figure 1 Dyestuff structures.

Jan Wouters

CH; ¢ OH OH 0
HOOC HO.
HO OH HOOC
0 OH ¢
laccaic acid D laD pseudopurpurin psp
CH, 0 OH OH 0
HOOC:
HO OH HO
0 OH 0
kermesic acid ka xanthopurpurin Xp
OH 0 OH 0
HO HO
[¢] H 0
alizarin a purpurin p
o] OH 0
HO: HC
HOOC HO
OH 0 0
munjistin m rubiadin r



OH o OH
; OUC OO
HO

Alizarin (Mw 240) Purpurin (Mw 256)

Carminic acid (Mw 492) Kermesic acid (Mw 372)
“O oH ‘e OH OH  oH OH
Laccaic acld D (Mw 372) 5 Flubery-thnc acid (Mw 534)

A: R = CH,CH,NHCOCH, Mw 537
B: R = CH,CH,OH Mw 496
C: CH,CH(NH,)COOH Mw 539

% E: CH,CH,NH, Mw 495
Laccaic acids:

Figure 1. Structures of selected red anthraquinone
coloring agents.
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Kosenila (karmin)

Trad¢ni ¢ervené barvivi predkolumbovského
Mexika. Je produkovano Cervcem nopalovym
(Dactylopius coccus)

HO HO

HO

Kyselina karminova HO

J. Amerika, Mexiko

Grinding the Cochineal Beetles




Kermes

Je produkovano hmyzem Kermes vermilio, Zijicim
na dubu Quercus coccifera. Hlavni slozku tvofi
kyselina karminova a kermesova. Zminuje se uz ve
Starem zakong.

Stifedomori, Asie

A kermes-dyed mantle made in Palermo for the
Norman King Roger II of Sicily in the 12th century.



Koberec z Pazyryku

Lakova kyselina

OH O
HO i ' [ OH
CO,H
OH O Me

Kermesova kyselina




Polska kosenila (polsky karmin)

Cervené az &ervenohnédé barvivo. Parazitoval
na korfenech nékterych rostlin v piscCitych
pudach a sbiral se zejména v Sasku, Prusku,
Polsku a Madarsku. Vyskytoval se hlavné v
obdobi kolem svatého Jana Kirtitele, podle
néhoz dostal lidovy nazev svatojanska krev.

OH O o
i | T OH
HO # > 0H
OH O
kyselina kermesova kyselina karminova

cervec polsky (Porphyrophora polonica)
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Draci krev

Calamus rortang
Daemonorops draco
Dracaena cinnabari
Eucalyptus terminalis
+ dalSich cca 10 druhu

dracorubin

H,C ‘ N
OCH

3

dracorhodin



//upload.wikimedia.org/wikipedia/commons/9/97/Dragon's_blood_(Daemomorops_draco).jpg
//upload.wikimedia.org/wikipedia/commons/4/4d/Dragon_Blood_Tree,_Socotra_Island_(10098980413).jpg

Alizarin

Morena barvirska
(Rubia tinctorum)

O OH

o
O

Takia tinctorum &


http://xurichem.en.made-in-china.com/product/XoOnNyYMreUE/China-Alizarin-Red-3.html
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=oEhIcNoDqRuaIM&tbnid=pKjJVwizGlp-FM:&ved=0CAUQjRw&url=http://chemistry.about.com/od/factsstructures/ig/Chemical-Structures---A/Alizarin.htm&ei=676kUrWOG4PT0QWfiIGoCQ&psig=AFQjCNFsZPl6GBcVDfM3Tlv5ZhvX2vaTNg&ust=1386614782527133

+OH, O, OH
""""" > OH
@)
phthalic acid
alizarin 1 . : e |
‘fﬂ' 1 "I _HZO (In GC) “
: # '
s \ 0 \
OH\ - o '
— \ ‘
s) \
2 phthalic anhydride 6
0 | OH O
2.4-di-tert-
~ butylphenol 5

dimethyl phthalatc 7

* benzoic acid 4

FIGURE 1. Proposed aerobic degradation pathway of alizarin.



Alizarin

Alizarin ma afinitu k vapniku, pouziva se k barveni kalcifikovanych tkani.
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(a) natural dyes

(1) indigo blue (2) madder
H 0 0 OH
L i L o
-0 |
T
l I [
0 H 0
(2,2'-biindoline 3,3-dione) 1,2 - dihydroxyantroguinone (alizarine)

(b) mordant dyeing

0 H
d oH
Q0
I macder aluminum oxide textile fiber
0 (amordant dye) (mordant)

||[|} textile fiber- mordant-dye complex



Lakmus

= vodou feditelné barvivo extrahované z urcitych druhd liSejnikd rodu Rocella,
pouzivaneé jako acidobazicky indikator
a jako barvivo v potravinarstuvi.

sklada se ze 14 latek

pH 14 4

Parmelia sulcata

litnus methyl orange phenalphthalein


//upload.wikimedia.org/wikipedia/commons/5/5a/Lackmus.jpg
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=m5pKfbc5B05gkM&tbnid=te7PVGGGEoYIuM:&ved=0CAUQjRw&url=http://wynalazki.slomniki.pl/index.php/o-joomla/54-l/344-lakmus.html&ei=UcikUuyiFIO70QXB3IHICQ&bvm=bv.57752919,d.bGE&psig=AFQjCNEQCz_IztK-Z80HOVJu2qE-lLtafw&ust=1386617197754456
http://www.google.cz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=BaiQn0DjsNpkDM&tbnid=bG4zp-DkcMrO5M:&ved=0CAUQjRw&url=http://www.chem-is-try.org/materi_kimia/kimia_fisika1/kesetimbangan_asam_basa/indikator_asam_basa/&ei=h8ikUo7uJMGr0QX69ICQCQ&bvm=bv.57752919,d.bGE&psig=AFQjCNEQCz_IztK-Z80HOVJu2qE-lLtafw&ust=1386617197754456

H,

a-amino-orcein B=NH.

a-hydroxy-orcein R=0H B-amino-orcein R=NH., E=0

B-hydroxy-orcein R=0H, E=0
B-amino-orceinimine, B=NH.,
F=HH

OH
CHHO

CH,

yamino-orcein R=NH., E=0
¥hydro=y-orcein R=0H, E=0
yhydroxy-orcein, R=NH., E=NH

Chemical structures of the major components of orchil
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Umeéla barviva

Bleu de phtalocyanine au cuivre PBI5

Cl (l_"zHS

2775

Violet de dioxazine de carbazole PV23

(0]
H [l
XD
@C N
g H
Violet de quinacridone PV19

@
N=0- »

O
S T

3

Pigment vert B PG8

Figure 2 Structure chimique de quelques pigments
non azoiques.

azobarviva

HO—-C—CH
=C—NH

| a
PY1 | CH, No2
PY3 | Cl NO,
POl | OCH, NO, CH,
PY74 | NO, OCH, OCH,

@N=N

a
PO5 | NO, NO,
PR4 | NO, Cl

PR3 | CH,
d
OH CONH e
QN_N’
PR7 c1 CH3 CH] a

PRY Cl Cl OCH
PR12 |NO, CH
PR112{Cl Cl Cl CH

POI13

Figure 1 Structure chimique de quelques pigments
azoiques.



Alcianova modr

Afinita k proteoglykanum chrupavky.




(a) natural dyes

(1) indigo blue (2) madder
H 0 0 OH
L i L o
-0 |
T
l I [
0 H 0
(2,2'-biindoline 3,3-dione) 1,2 - dihydroxyantroguinone (alizarine)

(b) mordant dyeing

0 H
d oH
Q0
I macder aluminum oxide textile fiber
0 (amordant dye) (mordant)

||[|} textile fiber- mordant-dye complex



+OH, O, OH
""""" > OH
@)
phthalic acid
alizarin 1 . : e |
‘fﬂ' 1 "I _HZO (In GC) “
: # '
s \ 0 \
OH\ - o '
— \ ‘
s) \
2 phthalic anhydride 6
0 | OH O
2.4-di-tert-
~ butylphenol 5

dimethyl phthalatc 7

* benzoic acid 4

FIGURE 1. Proposed aerobic degradation pathway of alizarin.



Zbarveni kosti vliivem plisni

Chemicka podstata zbarveni neznama.

Miize byt zaménéno za krev nebo druhotné
zabarveni vlivem textilii.

Lebka hr. Raimunda Josefa Dietrichsteina




Metabolismus kyseliny citronove
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Distribuce citratu v tkanich

Citrale conlent of teeth

TYFE OF BAMFLE

wa. FER 100 au.
(CITRIC ACID EQUIVALENT)

Human enamel. .. ..o e e
Whole dog tecth. ... . e e e e
Dogdentin. ... i e
Dogenamel.. ... ... . . s

510

110

Table {. Bone citrate average ash weight in grams percent (g % )

Ammal N Citrate ash weight
Fish 2 168
Turtle ] 029
Frog 4 043
Polar Bear 1 2405
Man 15 138
Elephant I [-35
Monkey 3 1-04
Cat 1 1:22
Harse 3 126
Dog 1] (96
Cow 5 B3
Cruinea-pig 2 9%
Rabbit 2 {-32
Rl 12 056
Chicken 4 [0
Goose (feral) 2 61
Mean 1-03

(hrgunic Aeids in Beef, Dog, and Rabbit Bones, Egg Shells, and Rat Liver
The values are given in mg. per 100 gm.

Organic acld in fresh thsue®
Tiasue Type of bone —
Fumaric | Succinic | Aconitic | Malic Citric
Bone, beef Cancellous 0.2 1.8 2.7 5.2 475
¥ Dog A Compact 0.2 2.7 3.6 6.6 B52
Cancellous 0.2 a.0 3.8 a.9 605
i " B Compact 0.1 1.7 3.8 5.0 066
Cancellous 0.2 1.6 4.9 553
Y Rabbift A Compact 0.2 3.6 2.6 6.3 it
Cancellous 0.2 3.1 2.2 5.3 04
1 “ B Compact, 0.2 1.3 3.6 4.6 627
Cancellous 0.2 2.8 2.0 8.0 Sl
Egg shell A 0.0 0.0 0.0 2.9 6
£ “ B 0.0 0.0 0.0 0.8 11
Rat liver 0.5 2.5 0.1 1.6 3.3
Table 2. Bone citrate levels in the domestic chicken at different reproductive siages
Bone Citrale ash weight (g %)
Low-citrate
Cervical vertebrae 194 20 1-Ta 200 1-70
Scapula 1-94 1- 7 1-T6 201 1-79
Coracord 1-72 i-71 1-87 1493 171
Humerus 1:57 1-53 1-d46 1-72 1-36
Radius 1-6% 1-55 1-55 |-72 1-87
Ulna 141 1-38 I-36 1:35 1-5%
Carpometacarpus; phalanges 1-83 1t} 1-51 177 161
Femur 1-539 1-44) 1:32 146 1-42
Tibiotarsus 1-61 1-43 147 167 I-59
Tarsometatarsus 2402 1-75 165 21 1-%1
High-citrate
Skull 236 2-58 ol | 168 254
Ribg 2-51 2-28 222 249 -6
Sternum 271 247 262 287 230
Pelvis 274 229 230 2-45 2e
Foot phalanges 249 230 237 272 260
Mean 0 1-87 183 2407 1-86
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Pohlavni rozdily v obsahu citratu
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Anderungen des Zitratgehaltes vom Knochengewebe in der Verteilung nach Geschlechtes und Altersun-
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Vliv diageneze

Frisches Materic! aus dem Seziersoal

re==== Knochenmaterial aus dem VI Jahrhundert

'
| Librgl Qeholl on Oewchlprooent

Abbildung 3: Verdinderungen des Zitratgehaltes in Abhéingigkeit von
Geschlecht, Lebensalter und Liegezeit (aus LENGYEL 1872)
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Abbildung 1: Veriinderungen des Zitratgehaltes in Abhéingigkeit von Geschlecht,
Lebensalter, Herkunft und Liegezeit (aus LENGYEL, in BROTHWELL 1968)

Table 7. Ciirate preservation in prehistoric mammoth preserved umder warious
conditions compared to modern elephant values | g %)

Mammaoth
Modern
elephant Inice Permafrost Tarpit Fossil
Citrate 1-35 003 1-43 (05 0-03
Hydroxyproline 289 2:56 3-54 223 000




Vliv vysoké teploty na obsah citratu v kosti

VamiaTions v Major ConsTiTuenTs oF Human Boxe
1M THE DERIVATOGRAFH AND ¥ THE Ky
{Investigations by Imre Lengyel on sample from 10th-century cemetery, Szob-Kiserdd)

SUBSTANCE EXAMINED PercexnT AT Givew TempEraTURE O
Roowm
TemreraTure  105° 170° 2007 220° 300° 320° 3807 400° 450° 500° 5607 580° 6407 7407 840° 900° 1000°

In the derivatograph:

Water-soluble inorganic fraction 100 100 100 97 95 95 92 492 o) 8§l 80 80 80 78 76 7B 76 75
Ca™ 100 1o 100 100 100 100 100 100 83 B3 B0 B0 BO 78 78 787 77
Mgt 100 1og o0 100 100 100 100 100 100 100 100 100 100 96 96 96 UG 95
Fe™®, Fe™=*, Al*""*, K*, Na® 100 100 98 90 o) 90 90 86 Bt 86 86 86 a3 83 Bl 81 30 B0
PO, 100 100 100 100 98 95 92 a7 83 B0 75 070 70 Y0 70 64 64
5, 810, C1° 100 100 100 100 100 100 1000 95 95 95 935 9% 490 90 84 B4 85 83
COy 100 100 86 B0 70 55 53 30 42 40 38 38 36 17 156 n — —
Water-soluble organic fraction 100 65 G0 52 41 H) 12 12 o) 5 1 — — — - — - —
Organic matter containing N 100 B0 73 60 50 B0 48 13 10 10 B I o= = = = — —
Organic matter not containing N (CH) 100 92 60 45 20 E — — — - — — e e — _
N (sources other than protein) 100 26 26 820 70 41 29 9 5 - — — — — — — —_
Citrate 100 90 90 90 85 B0 76 72 60 15 2 - = = - = = —
Far 100 94 60 40 15 3 - — — — — —_— —_ —_ — — — —
In the kiln:

Water-soluble inorganic fraction 100 o 100 100 100 100 90 99 80 90 490 ¥6 TR 75 V5 T0 70 B8
Catt 100 o 100 100 100 1000 1000 1000 1000 100 100 92 92 85 B B5 B 80
Mg™* 100 o 100 100 100 100 1000 100 100 100 100 100 100 100 96 96 95 95
Fett, Fett*, Al K+, Nat 100 100 100 98 98 9B 96 46 G5 95 93 93 90 90 90 86 86 B2
POy 100 oo 100 100 497 97 93 a0 80 T 74 070 F0 T 700 70 65
577, 807, €17 100 oo 1006 100 100 100 100 100 100 90 90 83 B3 B3 B3 B0 BO 78
COg*t 100 o 10 74 74 T4 G 52 46 40 30 9 5 - — — — —
Water-soluble organic fraction 100 G0 48 41 40 20 10 4 9 1 — — — — — — —
Organic matter containing N 100 92 90 70 53 R0 84 20 12 9 - J— _ _ — —_ —
Organic matter not containing N (CH) 100 100 65 40 14 6 | — — — — — — — — = = —
N {sources other than protein) 100 96 93 G0 56 B2 T4 71 20 11 3 = —_ —_ —_ —_ —
Cirrate 100 98 97 95 Bl 62 62 60 6O 6O 10 I - = - = = —

Fat 100 96 88 300 7 - =




Urceni pohlavi spalenych kosternich pozustatku

Frisches Material
Grédig
Pleidelsheim
Kamid el-Loz
Minster-Gittrup
Trebur-Hinkelstein

2.Jt.n.Chr.
6./7.Jh.n.Chr.
5.-7.Jh.n.Chr.
5./4.Jh.n.Chr.
ca. 1Jt.v.Chr.
5.Jtv.Chr.

Trebur-GroRRgartach 5.Jt.v.Chr.

Deutschland 0,52% 1,04%
Osterreich 0,56% 0,86%
Deutschland 0,42% 0,77%
Libanon 0,33% 0,58%
Deutschland 0,26% 0,53%
Deutschland 0,21% 0,40%
Deutschland 0,24% 0,42%

.5

a1

15

0 25
Alter in Jahran

Gittrup

—4— Minnar
—#— Frauen
=== Trennlnie der 21-30jabrigen
—— Tranninie der 31-40jheigen

der Ske Karmid el-Loz

—+— Manner

—8— Frauen

—— Trenriirie der -Ejahrigen
—— Tranniinie der 7-123&hngan
—— Tranriinia der 13-2itrigen
——Tranrlinic der 21 -4ahrigen
— Trennlinic der 41-Bgabrigen

Abbildung 26: Zitratkonzentration des Knochenmaterials der Leichenbrandserie Miinster-Gittrup in Abhangigkeit

von Lebensalter und Geschlecht

Alter in Jahren

Abbildung 25: Zitratkonzentration des Knochenmaterials der Skelettserie Kamid el-Loz in Abhangigkeit von
Lebensalter und Geschlecht



Poréwnanie wynikow okteslenia plci'i wicku szczatkow cialopalnych metoda morfologiczng i biochemiczna

. Kompleks Zawarto$é ) foy- . . )
Stopien Nr Ca!kcivznta biatkowo- | Grupy| kwasu cytry- 3 Ple¢ CO; Ca P Kollagen _W'e%( Wiek okreslo-
Lp. spalenia kosci grobu 1105? -wiclocukro- | krwi | nowecgo w Ple¢ (mor- % 2% 8% kosﬂtny biologicz-|  ny met?dq
materialu wy w mg?%, mg", folog.) (x3) g% ny morfologiczna
1 2 3 4 s ] s 7 8 9o | 10 I 2 R R R O R
1 miernic 1 11,5 0,61 K ? 1,65 23,90 4,10 2,15 40—50 | Ad/Mt?
2 | d. siivic 2 2,10 L 0,18 ? ? 0,60 29,15 5,40 2,00 510 | Inf. 1.
3 d. silnie . 3 5,5 0,20 ? ? 0,55 21,10 6,50 1,70 0—5 Inf. 1.
4 miernie s 4-a 11,0 0,67 -K M 0,90 22,60 5,00 2,05 2535 | Ad?
miernie / 4-b 4,3
5 miernie * 5° 10,2 5 0,23 M K? 1,15 23,15 3,90 2,10 45—55 1 Jv?
6 d. silnic * 6 6,4 g 0,63 K ? 0,65 21,60 5,15 1,85 5—15 | Iof. L
7 d. silnie : 8 10,6 b 0,16 ? ? 0,60 22,00 5,35 1,80 5—10 | Inf. L
8 mierpie * 12 9,6 s S 0,54 ? ? 0,95 22,05 4,80 2,00 30—40 | Inf. I.
9 d. silnie 13 7,0 GED a 0,60 K ? 0,75 23,15 5,05 2,00 15—20 | Inf. L
10 d. silnie 2 15 14,2 o '§ 0,65 K ? 0,90 23,50 4,95 2,10 25—35 | Jv/Ad?
11 | miernie 16 12,1 3 é 0,35 M M 0,85 22,80 5,10 2,05 20—-30 | Jv
12 | miernic 17-a 53 i 5‘ 0,30 M ? 0,80 23,30 5,05 2,30 20—30 | Inf. L
miernie * 17-b 4,5 :g 3
13 micrnie ¢ 18 7,3 g ; 0,40 M K 0,95 23,45 4,60 2,10 35—45 | Iv?
14 | d. silnic 3 19 14,1 o = 0,60 2 ? 1,60 23,85 ‘4,15 2,00 4050 | Jv
miernie 20-1 11,0 ) =
15 mierne | 20-2 6,5 - = 0,31 M M 1,95 23,60 3,90 1,90 4555 | Jv/Ad
miernic , 20-3 8,2 b )
16 micrnie - 21-1 9,5 ; S_ 0,68 K K? | 0,95 23,95 4,50 2,15 35—45 | Inf. II/Jv
miernic * 21-2 7,2 i~ b
17 miernie . 22-1 5,1 = a 0,37 M K 0,80 23,20 4,75 2,10 30—40 | Ad
miernie . 22-2 8,3 4 ? ? Inf. 1.
18 | miernie 24 70 s 0,62 K K? 0,75 22,90 4,90 2,10 2535 | Ad
19 slabo 26 12,2 /a 0,41 M K? 1,95 21,60 3,60 2,00 50—60 | Jv/Ad
20 | stabo 27 14,2 . 0,43 M M 1,90 21,45 3,40 1,80 50—60 | Ad?
21 micrnie * 30 17,1 0,44 M ? 0,70 23,30 5,00 2,60 25—35 | Inf. L
22 | miernic 31 10,5 0,67 K K? 1,10 22,90 4,00 2,00 45—55 | Inf. II/Jv
23 | miernie 32 8,3 0,64 K ? 1,90 21,85 3,45 2,00 50—60 | Inf. L
24 miernic 33 16,1 0,40 M M 1,85 21,50 3,60 1,70 50—60 | Jv
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nukleonové gislo —» 2

protonové éislo —p 1

H

|zotopy v prirode

The Nuclei of the Three Isotopes of Hydrogen

Protium

Deuterium

Tritium

© ¢ §

| proton

87C =

35N =

| proton

1 neutron

- II.’-{_-I;:IJ('}

Sample _ |-
L (PC/C) gyandarg

i, { ISHFII-IH}:;N“I‘E

-flsﬁ."f”hr]stand:rd

| proton
2 neutrons

w1000

x 1000

Stable
Isotopes | Abundance (%)*

Hydrogen *H (H) 99.985
24 (D)** 0.015
Carbon e 98.892
6 1.108
Nitrogen 14N 99.635
BN 0.365
Oxygen 250) 99.759
Y0 0.037
180 0.204
Sulfur 325 95.0
35 0.75
5 4.21
765 0.014

*Abundance does not sum to 100% because
radioisotopes are omitted from this table
**D = deuterium, 2H:1H is often given as D:H



C3 rostliny
jeCmen, pSenice,
brambory, cukrova fepa,

C4 rostliny

kukufice, cukrova trtina

CAM rostliny
ananas, sukulenty

Distribution of d'°C ameng C; and C,4 plant species
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Indikace migrace na zakladé poméru izotopu siry ve vlasech
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Mléeko and mlécné produkty
Lipidy
trans-mastné kyseliny (vy$Si obsah v extrahovaném tuku)

Proteiny

kasein (termicky degradovany) — druhové specificky
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Intolerance laktozy

Intolerance laktozy je neschopnost organismu stravit mlécny cukr. Je to pfirozeny
pruvodni jev dospélého stadia lidského zivota, protoze puvodné se mlékem Zivili
pouze kojenci. Kravské mléko je puvodem uréeno pro mladata krav, ktera tuto
intoleranci nemivaiji.

CHOH CH,OH

Lactose 0. OH Glucose 0.
won (OH _ lactase | OH ’ ; : ;
ki cron (N A1 Worldwide prevalence of lactose intolerance in recent populations

oH)—o @ OH}—0 5
OH OH on \OH o (schematic)
Galactose
OH

- 30-60%
B oo

@R?%EERANCE
- 80-100% NETWORK
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Midasova hrobka, Gordion

Na zakladé izotopu identifikovano umisténi
zcela rozlozenych pozustatkd neboZtika.

Fig.3. Stable-N isotope analysis of transects Ty and T, shown in perspective
view. The yellow bars indicate position of the remains of the king within his Fig.4. Atomic C/N ratio of transects Ty and T, are shown in perspective view
coffin. The yellow bars indicate position of the remains of the king within his coffin.

Table 1. Results from nitrogen elemental and stable isotope
analysis of wooden artifacts from the MM tomb

815N,
Sample Description %0 C/N
A Coffin support block interior: minimal -40 828 J
degradation
B West ledge of coffin 136 122
C Coffin under body remains 154 135
D Coffin support block: significant degradation  14.2 17.4
E Degraded table top 9 27 170
F Degraded table top 5 25 18.8
G Degraded table top 4 43 219 \ A\ ANVENY LYY AN WA & \
H Degraded table top inlaid table 48 245 P O P o® & P P o b o
[ Degraded table top 7 16.2 148 cm from West Wall
J Undegraded exterior SW wall -1.7 1131

Fig.2. Sketch plan of tomb with principal wooden and bronze artifacts drawn (redrawn from ref, 1). Letter designations correspond to it lyzed for their
. R R j j 'S content and atomic C/N ratio (see Table 1 for values). The transects T, and T, show regions from which floorboards were sampled for analyses after artifacts
Letter designations correspond to artifacts shown in Fig. 1. were removed from the tamb. Asterisks indicate the location of degraded leather belts.
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Alternativni chronologie: datovani s vyuzitim izotopu uhliku 14C
Alternative chronology: dating utilizing carbon isotope 14C
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Vysledky méreni a problematika kalibrace
Results and calibration issue

Laboratorni vysledek je udavan ve formé stredni hodnota * smeérodatna odchylka
(s predpokladem normalniho rozdéleni) v radiokarbonovych letech (“C BP nebo BC,
vztazenych k roku 1950);

Jelikoz radiokarbonové roky se lisi od solarnich let vlivem nehomogenni distribuce izotopu
14C, je data tfeba data kalibrovat. Pouzivaji se k tomu kalibraéni softwary (CalPal, OxCal,
Calib) a kalibraCni sety (IntCal04, IntCal09). Pro obdobi neolitu jsou zakladem kalibrace
dendrodata. Vysledky jsou pak udavany v intervalech pravdépodobnosti 16 (68,2 %) nebo 20
(95,4 %).

Gauss - Laplaceovo normalni rozdéleni
rozptyl pravdépodobnosti

rCALPAL 14 0.3 ‘

0.2
34.1%| 34.1%
0.1
OxCal

0.19 |

0
“‘ - 30




Kalibrace radiouhlikovych
dat

Calibration error and measurement error
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Radiouhlikové plato

Radiocarbon determinssian

Calibraed date
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,,Old wood* problem

Material je mnohem starsi nez je
doba jeho utilizace Clovékem.

- dlouhovéke dreviny
- lidské pozustatky
- lastury




Rezervoarovy efekt

Carbon exchange reservoirs
(simplified)

Photosynthesis AtmOSphere
1.9% CO:z to
dissolved
carbonate
A I
Terrestrial Surface
. Respiration Dissolved
blOSpheI’e carbonate ocean
1.3%/1.00 to €02 2.4% | ~0.95
Death Mixing Mixing and
upwelling
Decay
Dead organic Deep
matter ocean
3.6%/<1.00 90.8% /< 0.95
0 1 Percentages show the fraction of the total carbon reservoir of each type.
I

5':730 T ' T T T T T y T y Numbers after slash show ratio of 14C to 12C as fraction of atmospheric ratio.
0 10000 20000 30000 40000 Years



Fosilni paliva

Fosilni paliva neobsahuji zadny radiouhlik,
exhalacemi CO2 z jejich spalovani dochazi
ke snizovani relativnino zastoupeni
radiouhliku v atmosfére a vegetaci.

cosmic radiation

< neutron

.14N_.Opmtljn | z
1407_’ (I:)COZ —
@ atmospheric gasses
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Bomb peak (bomb spike)

"“C in atmospheric CO, 137G
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CraiZEi w4.1.7 Bronk Ramss,

L

Bomb peak

{20100 rl 2 Post-bomic tmospheric MHS curve (Hua and Barbecti 2004]

(Bomb spike)

L

Ll I L. L. I Ll I T | I Ll
1570 1960 1990 2000

Calibrated date {(calAD)

Geschlecht Alterin % C-14 iber Quotient
Jahren® dem Rezentwert Co%-/
: J - Kollagen
im CO%- im
Kollagen
W 20 40,5+1,2 31,8406 1,3
gochele a0 askia 208406 18
W 30 —_— 17,34+0,6 —
m 61 22,6 11,3 11,84+0,5 1,9
m 65 21,04+ 0,7 6,64+0,4 3,2
65 27,64+ 1,7 153406 1.8
W 65 31,04 1,6 18,4+0,6 1,7
m 69 27,1+09 10,7404 2,5
w 70 28,6408 14,2406 2,0
w 75 29,4 £ 2,0 23,6404 1,2
m 79 19,0 +1,0 8,040,6 2,4
Mittelwert 60—80a 25641,7 13,6420 2,1+40,2
f. Alter

2 Beim Tod im September bis Oktober 1967.



Material Laboratory ID Fractionation-corrected pMC &"C (% PDB)

L U d W i g C ave Bone collagen UGAMS-0022 1309+ 04 195401
( N a m | b | a ) Bone collagen UGAMS-0022B 1321107 -195+0.1

Tendon UGAMS-0112 1364107 -19.410.1

Skin UGAMS-132 136.1£0.7 196201

Tahle 2. Percentage of modern carbon in bone, tendan, and skin from a mummified adult female bahoon in Ludwig Cave, Namibia

LUDWIG CAVE

osuowIS CAVE e 170

Atmospheric '*C Y|

Atmospheric "‘C (PMC)
8
|

110 -
* Tendon
i - 1951 = Skin
100 - S -~  Bone collagen2
1 e Bone collageni
90 —_——_ 77— [+
1955 1960 1965 1970 1975 1980 1985 1990 1995
Year(AD)

Fig. 3. Modeling changes in bone collagen radiocarbon content for different birth years based on atmospheric *C levels for the Southern
Hemisphere 1855-1994. The “C data have been plotted as a 3 point running average of measurements made in Wellington, New Zealand and
published in Manning et al. 1990, and Manning & Melhuish 1994 The bone, tendon, and skin *C measurements are plotted on the curve. The Y
error bars are contained within the symbols used. Models assume that the adult female baboon died in 1977. The best model suggests that the
baboon was born in 1958, indicating an age at death of 19 years.




Perska mumie

4C bomb peak
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180 \1\
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160 +
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Konfiskovana 2000 na
¢ernem trhu, podle napisu by Jedinec zemfel AD 1994—1996, mumie je
se mélo jednat o Ruduunu, podvrh.

dceru krale
Xerxa (618-465 RC)



Table 1 Summary of the selected samples.

Sample ID  Sample Analyzed fraction

S1 Head hair Hair keratin
Male’ 36 y S2 Mandibular right canine Dental enamel
1973-2010 S3 Mandibular right second molar ~ Dental enamel

S4 Pubic symphysis Trabecular bone

S5 Base of skull Cortical bone

Table 2 Results of AMS 4C dating analyses.

Sample ID  Fraction modern (x1g) Calibrated ages (1o ranges) Dates yr AD (1o)

S1 1.0493 = 0.0056 2007-2011 2009.0+2.0
S2 1.3632=0.0079 1975.4 (May)—1976.7 (Sep) 1976.0 0.7
S3 1.3182 £ 0.0063 1977.9 (Nov)-1979.3 (Apr) 1978.6+0.7
54 1.0674 = 0.0044 2003 (Jan)—2006.7 (Sep) 20049=x19
S5 1.1463 = 0.0044 1990.5 (Jun)-1992.8 (Oct) 1991.6 £1.1

Summary of the first radiocarbon results from collagen fractions extracted from human bone (30-year old man, deceased in 1995) with
the soft chemical method displayed in Fig. 2

Sample name Sample preparation method SC* (%) 14C content* (pMC)  Calibrated age” (AD)

A Collagen (insoluble fraction after EDTA =223+0.7 126.2+1.0 1958-1962 (0.23)
treatment of bone powder) 19801983 (0.77)

B Insoluble collagen after pepsin -228%0.7¢ 123.3+ 0.6 1958-1961 (0.51)
digestion of sample A 19821984 (0.49)

C Soluble collagen fraction after pepsin -222%1.5 125.1+1.1 1958-1962 (0.36)
digestion of sample A 19801984 (0.64)

D Collagen (method used in radiocarbon =161 +3.8 141.12+£1.20 1962 (0.04)
dating for the production of gelatin) 1973-1975 (0.96)

E Long bone, lipid fraction —-220%0.9 113.73 £0.55 19571958 (0.07)

19901994 {0.93)




Raw "*C data

Calibrated results (calendar year)

Police Invest.

Lens Nail Lens Nail Span Combined
Baby #1 1.054(5) 1.078(4) 2006 2000-2004 2000 2003-2007 2004
Baby #2 1.165(5) 1.186(4) 1988-1990 1985-1988 1985-1990 1986-1988 1988
Baby #3 1.185(4) 1.194(4) 1986-1988 1985-1987 1985-1989 1985-1987 nd.
10 —r—TT T
£ t TE9 ]
0 enamel apatite i R R 7]
b" . .9 6 - =
+ = dentin collagen @ i J
b A 4 Y
-§ 1 —CmiT .
\ T 2 haP2 1492054 .
L N E L4 P4 1462058 .
1959.4 + 0.2 2 0 [rmP7 163018 00—
\ O P9 162014 : .
1950 1955 1960 1965
C Year
10 T T
=l R37 .
S8r T
56 .
o s 4
Bl *
— N 3 £ 2
T \ ]
0 HO P7 139+027 h VRS
e L|® P9 161£1.19 .
I T T T A T S S N N S N
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Year

Fig. 3. (A)Longitudinally cut elephant molar (m3) from individual TE-95 showing calibrated e ages (+2a) for 13 enamel apatite and 2 dentin collagen samples.
Sample locations are outlined as ellipses. The molar consists of 11 enamel-covered plates (P1 to P11). (B) Vertical growth rates from four TE-95 molar plates shown
in A are calculated from '*C ages. (C) Vertical growth rates in two molar plates from a lower third molar belonging to R37 (see text). Growth rates (+2c) are
calculated from slopes; height along a plate is normalized to the lowest sample location. Age uncertainty is 2o and if not shown is smaller than the symbol.
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