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RESTRIKCNE-MODIFIKACNI (RM) SYSTEMY

O Slozkami standardniho restrikcné-modifikacniho
(RM) systému jsou sekvencné specifické
enzymy:

O A. modifikacni metylaza (metyltransferaza)
O B. restrikcni endonukleaza

O Restrikci a modifikaci podléha jen dsDNA:
1. Pri infekci fagem

2. Pri prenosech DNA transdukci a konjugaci,
omezené transformaci (pri uméleé tr.)
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SYSTEMY RESTRIKCE A METYLACE

1. Hsd systémy (host specificity of DNA)

O tHdy (typy) I, II, III, IV
restrikCni a metylacni aktivita

2. Systémy restrikce modifikované DNA
O Mar, Mrr (methylated-adenine), Dpnl
O Mcr (methylated-cytosine)
3. Systémy metylujici specifické sekvence DNA
0 Dam (adenine-methylation)
O Dcm (cytosine-methylation)



Table 6.1 Characteristics of the four classes of Hsd syste:ﬁs.

Properties ‘ Class 1 . Class II Class II1* Class IV'-
R and M activities  Trimeric ::ca;mplex Single enzymes Trimeric complex  Single protein +
C e 2nd methylase
Genetic Two transcripts: hsdR, Usually two Two transcripts: 1-2 geny,
organization hsdSM ~ transcripts: hsdR, hsdSM
hsdR, hsdM
Recognition Non-symmetric, Usually Non-symmetric Palindromic,
sequence hyphenated palindromic hyphenated
Requirements for .
restriction SAM® Mg?* SAM, ATP, Mg** Mg**
methylation SAM, Mg?*, ATP SAM SAM, ATP, Mg**
Location of Random, at least 10° Usually within 24-26 bases 3’ of | 30 bases 3' of
cleavage site bases away from the recognition ~ recognition recognition
recognition site sequence site. site
Restrictirim versus Mutually exclusive Separate Simultaneous protein $tépi
methylation | jen modifiko-
Recycling of No _ Yes Yes vanou DNA
endonuclease '
Model systems EcoB and EcoK EcoRI SP1 Eco571 + M-Eco571

a, On.ly- five Class Ill and one Class IV cases have bcch Sludicd. b, SAM: S-adenosylmethionine.



Table 6.2 Recognition sequences of some restriction enzymes.

Recognition

Enzyme  Name Organism sequence Observations
Class I EcoK E. coli K12 AACNGTGC Cleavage =10° bascs away
Class II EcoR1 E.coli RY13 G/AATIC Palindromic sequence
M-EcoRl  E. coli RY13 GAA*TTC Cognate methylase
Rsrl Rhodopseudomonas sphaeroides G/IAATTC Isoschizomer of EcoRI
Aval Anabaena variabilis C/PyCGPuG Palindromic degenerate sequence
Dpnl Diplococcus pneumoniae GmeA/TC Necessitates me-DNA
BamHl  Bacillus amyloliquefuciens G/GATCC Compatible enz ’mes-
Mbol Moraxella bovis CATC pat )
ClassllI  SP1 Phage P1 AGACC Cleavage 24 bases from 3’ end
Class1V  Eco571 E. coli RFL57 " CTGGAG , Cleavage 14 bases from 3’ end

By convention, oniy the 5’ to 3’ strand is shown. N, nucleotide; Py, pyrimidine; Pu, purine; meA, methyl-
Ade; * represents the methylating site; / indicates the cleavage site.




GENY KODUJICI RM-SYSTEMY JSOU NESENY
NA RUZNYCH REPLIKONECH

TABLE 2. Organization of Types I and IlI Restriction—Modification Systems

Recognition Cellular location

Group Members sequence of the R—-M system
Type [A EcoK : AAC(N)eGTGC Chromosomal

EcoB TGA(N)sTGCT Chromosomal

EcoD TTA(N),GTCPy Chromosomal

StySB GAG(N)ePuTAPyG Chromosomal

StySP ACC(N)eGTPuC Chromosomal

StySQ ACC(N)sPuTAPYG Chromosomal

EcoDXX1 ATCA(N)-ATTC Plasmid
Type IB EcoA GAG(N),GTCA Chromosomal

EcoE Chromosomal
Type IC EcoR124 GAANgPuTCG IncFIV plasmid R124

EcoR124/3 GAAN,PuTCG IncFIV plasmid R124/3
Type 1li EcoP1 AGACC Prophage P1

EcoP15 CAGCAG Plasmid 15B

Hinflll CGAAAT Chromosomal

lokalizace genli na chromozomu,
plazmidech, nebo profagach



PFitomnost gen u RM systém u na mobilnich elementech

Mobilni element

Priklad RM systému

Plazmid paeR71 P. aeruginosa
ecoRI E. coli
ssol | Shigella sonnei
bsp6l Bacillus sp.
Bakteriofag/profag hindl11 H. influenzae

sau4?l S. aureus
eco01091 E. coli
bsuMI B. subtilis

Integra¢ni komulativni
element/genomicky ostrov

Sth368I Streptocvoccus thermophilus
hsdMS S. aureus

Transpozon

Rle39BI

Integron

xbal Xanthomonas campestris
M.Vch0211 Vibrio cholera
hph! Vibrio metschnikovii
CAAGS8 Lactococcus lactis




Klasifikace RM-systém u

RESTRICTION-MODIFICATION SYSTEMS

RMS Subunit Examples Substrate Methyl
Type Arrangement A=cleavage) Added

EcoB TGANgTGCT ( NemA)

YO LENVDOY

EcoK AACN&;GIGC( NEmA)
LIDNDVDD

StySKI  CGATN;GTTA
ODLVNDVYL

EcoRl GAATTC  (NemA)
Hhal  GCGAC (5mC)

Pwill  CAG'CTG  (NmC)

Fokl GGATGN"  (NemA)
DDLVDN;A  (NsmA)

Hphl GGTGANg  (NsmA)
DOVDLN;A  (5mC)

Mboll  GAAGAN,  (NsmA)
DLIDLN,A  (NmC)

EcoP | AGACCN,*  (NsmA)

EcoP15 | CAGCAGN.s" (NemA)

SHLTI CAGAGN,A  (NemA)

Eco571 CTGAAGN:c (NemA)
Gsul  CTGGAGN;zA (NemA)

Mmel TCCRACNp” (NSWA}

“Beg-Like” Begl AN1gCGANTGCN
Bpl| MNgGAGNCTCN 5"
Bael AN1OACN4GTAYCN12A

© - target recognition (specificity) - DNA helicase

- modification methyltransferase e - restriction endonuclease




 Multifunctional type | enzymes have different
- subunits for restriction, modification, and - e
e ret:ogniﬁm. : - . :
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DNA MOV,

m

HEi

: i
G E

It g

mRNA - o - S

mRNA from second start

Proteins |

Restriction and :
modification enzyme

Mc_ndl'fl_cu'tl.on complex - -
- (EcoB only) - :

PODJEDNOTKOVE SLOZENL
ENZYMOVEHO KOMPLEXU
TYPU I

S = rozpoznani cilove sekvence

M = vazebné misto pro SAM a aktivni
misto pro metylaci

R = aktivni misto pro hydrolyzu ATP,
pro translokaci DNA a pro St  épeni

Multifunkcni komplex



INTERAKCE ENZYMU RM SYSTEMU TYPU I
S CILOVOU SEKVENCI NA DNA

s-udenosyl methlonin . s
Alosterlcky efektor

umoznujici rozpoznani
cilové sekvence

SAM se
uvoliuje
pred
stepenlm

E

- DN, is fully methylated”




Does a type I enzyme move aiong DNA or does
it remain at its target site, Simultaneously pullmg
.the DNA through the proteln'?

Interakce enzymového
komplexu s rozpoznava-
cim mistem

1. Vyhledani rozpoznavaci
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MODELY TRANSLOKACE DNA
ZPROSTREDKOVANE ENZYMY RM SYSTEMU
TYPU I

Smy ¢ky pozorované v EM

a) '
DP + Pi '
| | ATP AZPP "

ATP-dependentni translokace DNA - ke stépeni dochazi
po kolizi DNA retézcli v misté navazaného enzymu



Navazany restrikcni
enzym



Vytvareni RM systémi typu I s novymi sekvenénimi specifitami

a) ' S polypeptide structure

-

i {

Amino Central Carboxy Carboxy
TRD Conserved TRD  Consarved

Regicn

b)

Region

YAt d bl XX Yt 7 2

(LIS LLLLL LA XXX Yo S LA I T T

Amino Amino Central
Conserved TRD Conserved
Region Region

Carboxy Carboxy
TRD Conserved
Region

Enzyme

StySPI
SHATIHHI
StysQ
StySJ
sysQ’

Recognition sequence
AAC (Ng) GTRC

GAG (Ng) RTAYG
AAC (Ns) RTAYG

GAG (Ng) GTRC
AAC (N,) RTAYG

EcoR124]  GAA (Ng) RTCG

EcoR124ll  GAA (N;) RTCG

EcoDXXI  TCA (N;) RTTC

DR2

RD2

DR3

RD3

TCA (Ne) RTCG
GAA (Ng) RTTC
TCA (N,) RTCG

GAA (N;) RTTC

Prirozeny RM systém
Prirozeny RM systém

»> hybridni hsdS

mutagenizovana
centralni oblast

Zmény poctu
aminokyselin

v centralni oblasti
ovliviiuji rozpoznani
cilové sekvence

TRD = target recognition domain




MUTACE V GENECH RM SYSTEMU

Bowiae i w»  Pro RM systém typu I je
nezbytna funkcni hsdS -

IR jeji mutace vede
k fenotypu r- m-.

o T |S=— MR

' m-



RM SYSTEMY, U NICHZ JE STEPENA MODIFI-
KOVANA DNA (KMEN NETVORI METYLAZU)

E. coli K12
Mar = methyladenine restriction (GmeAC, GmeAG)
Mrr = methyladenine recognition and restriction

Mcr = methylcytosine restriction - modified
cytosine restriction (GmeCG - C5, N4, HM-C5) -
stépeni sekvence v nékolika mistech (stépi téz
neglukozylovanou fagovou DNA)

O 00O

O

Diplocooccus (Streptococcus) pneumoniae:
RM systém DpnI - stépi GmACT
O (Caulobacter, Neisseria, Acholeplasma, Streptomyces)



Detekce restrik¢niho systému Mar

Gen hsdM Koduje mistné
specifickou

/ metylazu
Transformace

Metylace DNA do kmene
Hsd- Mar+
| '
Stépeni DNA Smrt bungk
ko Indukce SOS-odpovédi
Reparace DNA




Restrikéni systémy Dpnl/Dpnll Diplococcus pneumoniae

Dpnl - RE §tépi metylovanou DNA v sekvencich GmATC
(v buiikach s Dpnl chybi aktivni metylaza)

| DpnlI - RE §tépi nemetylovanou DNA v sekvencich GATC Standa I‘(il ni
(v buiikach s DpnlI je metylaza aktivni) RM system
Dpnl Dpnll
_ Endo dpnD - ; MethBﬁ) MethA! Endo >—
o i
R e & / _
o a \ " - -

-
-

koncové sekvence s 90% homologii

prenos transformaci

J

rekombinace do jediného lokusu na chromozomu

V

selekce jednoho z obou systémii Na urovni |
(podle stavu metylace fagové DNA) populace



TABLE 3. Antirestriction Strategies

Antirestriction gene,
polypeptide, or base

Antirestriction target

Strategy Bacteriophage modification (R-M type) Reference
Inhibition of endonuclease T3, T7 ocr EcoK, EcoB (type 1) Kriiger et al., 1978
‘ EcoPl (type IlI) Kriiger et al., 1982
¢NR2rH, ¢1rH 20 kD BamNx (type ) Makino et al., 1979
Makino et al., 1980
Protection of viral DNA by viral-  SPB, 3T, SPR M.BsuRI M.SPR Warren, 1980
encoded methylase Noyer-Weidner et al.,
T2, T4 T2,4 dam Mutant EcoP1 (type III) 1981
Bichi et al., 1979
Hattman et al., 1985
Overproduction of host-encoded A ral EcoK, EcobB (type I) Zabeau et al., 1980

methylase
Modified bases in viral genome

Metabolism of S-adenosyl-L-
methionine (SAM)

‘Underrepresentation of
restriction sites in phage
genome

SPO1, SP8, SP2G
$25, de, 2C
PBS1, PBS2
T-even phages

P1

b1, $29

5-Hydroxymethyluracil
(for thymine)

Uracil (for thymine)

Hydroxymethylcytosine
(for cytosine)

darh, darb

No GGCC sites

Many type' Il systems

EcobB (type 1)
EcoRl, EcoRV (type II)

EcoR, EcobB (type 1)

BsuRI (type 11)

Hemphill and Whiteley,
1975
Warren, 1980

Li et al., 1975

Revel and Georgopoulous, -
1969

Takahashi ct al., 1978

Kriiger and Bickle, 1983

Kawamura et al., 1981
Ito and Roberts, 1979




Priklady antirestrik €nich mechanism u

Fag MU - konverze adeninu na A-(1-acetamido)adenin

Plazmidy: Ard (alleviation of restriction) - antirestrikcni
protein

Fag lambda: Ral (restriction alleviation) - antirestrikcni
protein - zvySeni modifikacni aktivity enzymu typuAl na
NM DNA

Fagy T3 a T7: (proteiny Ocr = overcoming restriction)
inaktivace enzymi typu I (zabrana jejich vazby na DNA)

Fag P1: Dar-proteiny (defense against restriction) ? -
rozklad SAM



Lokalizace genu ocr/0,3 na
fagovém genomu

Ocr 0,3

Lokalizace genu ard na
plazmidu

N—

Antirestrik €ni
protein

Promotor genu ard




Antirestrikéni mechanismy T-sudych fagi

Fagova DNA
5-HMC 5-HMC
urcité kmeny <«— Rgl systémy E. coli
E. coli (restriction of non-glucosylated DNA)
inaktivace rgl-enzymu
<
\ 4 restrikce Fag - arn (antirestriction
glykozylace S-HMC endonuclease)

(rezistence vuci RM 1I)

Reakee f4 rikel

1. T4 --—->HMC
2. E. coli -—-» rgl
3.T4 ---> arn
4. T4 —> glukozylace HMC



Evoluce interakci mezi T-sudymi fagy a hostiteli

restriction

(nurmalp h??ﬁ.}

Tevenphage  o-hydroxymetyl-

mcr nucleases (hmC DNA) cytosin
————
The prr locus was originally described as
coding a ribonuclease that is activated
4 Teven Phaﬂﬂ after phage T4 infection to cut within the
7P nudaasel j (alycos A) anticodon of a specific tRNA, inactivating
protein synthesis and thus blocking phage

development.

T even phag

E I&{ Iated hmC  glykozylace hmC
A, BNA ligase,

PN kinase)




SYSTEMY METYLACE DNA (E. COLI K12)

O 1. Systéem Dam (dam-metylaza)
B metylace A v GATC (donor met = SAM)
B GATC - regulacni funkce : pocatek replikace,
promotory, reparace

O (sekvence GATC je rozpoznavana 15% RE typu
II, je pritomna u 50% vsech 4N-RE, neni vsak
cilovou sekvenci pro restriktazy v zadném z
druhtl enterobakteérii.

O 2. DNA cytozin metylacni - Dcm (E. coli K12)

B metylace cytozinu na C5 v sekvenci CC(A/T)GG
(?funkce pfri reparaci na velmi kratké vzdalenosti)



VYSKYT RM SYSTEMU
U ENTEROBAKTERII (3 DRUHY)

O 30% kmeni (z 1000 studovanych) obsahuje RM
systém

O u 170 RM systémi bylo zjisténo jen 33 rliznych
cilovych sekvenci

0 nebyly zjistény RM systémy rozpoznavajici 4 bp-
mista (vcetné GATC)



VYZNAM RESTRIKCE

O Ochrana integrity viastni DNA

®m obrana pred bakteriofagy (typ II)
..docasné plisobeni, nutna obména

H System napomahajici rekombinaci cizorodé DNA
(typ I)

B Stépeni DNA (nahodné) mimo rozpoznavaa sekvenci
umoznl rekombinaci mnoha gent - analyza prenosu
genu transdukci a konjugaci podporuje vliv RM
systému pfFi vzniku mozaikovych genomu (E. coli)

O ?,Selfish DNA"

B  molekularni paraziti bakterii. RM SK stému typu II se
udrzuji prostrednictvim plazmidd, které je kodu1|
(usmrceni bezplazmidovych bunek)



RM systémy jako mechanismus postsegrega  €niho zabijeni

Locus (plasmid) Bacteria Killer Target Anti-killer

B. Restriction-modification systems restriktaza metylaza

paeR7I (pMG7) Pseudomonas aeruginosa  PaeR7I 5" CTCGAG in M.PaeR7I
the chromosome

ecoRI (RTF-1) Escherichia coli EcoRI 5 GAATTC in M.EcoRI
the chromosome

ecoRII (Fig. 6; Escherichia coli EcoRII 5" CCWGG in M.EcoRII

RTF-2; N-3) the chromosome

ecoRV (pLG13) Escherichia coli EcoRV 5" GATATC in M.EcoRV
the chromosome

ssoll (Fig. 6; P4) Shigella sonnei Ssoll 5" CCNGG in M.Ssoll
the chromosome

bsp6l (pXH13) Bacillus sp. strain RFL6 Bsp6l 5" GCNGC in M.Bsp6l

the chromosome



"Immigration control region"

-

- - s

R R o SRS SEeat S S

E-M genes Recognition sequence
BlSy Eedb g BxiRy  AACHNMNNNNGTGC
BNy kedh g bRy TGANNNNNNNNTGTC

EeiSy Aedbfp heify  AACHNNNNNNGTGC

Gen hsdS m uze byt nahrazen genem

hsdS z jiného RM systemu stejné t
nebo geny mohou vzajemn é
rekombinovat

Fidy,

Odlisny obsah GC
— indicie p fenosu
HGT



VYUZITI RM SYSTEMU
V EUKARYOTICKYCH BUNKACH

Transgenni linie mysich bunék exprimujici geny RM
systému

1. prenos a exprese genu M.PaeR7 (Pseudomonas
aerugmosa) metylaza CTCGmeAG

2. prenos a exprese genu R.PaeR7 - endonukleaza
(restriktaza)

3. infekce bunék HSV1 adenoviry - ocekavana
rezistence bunék - vytvorenl organizmu
rezistentniho k virlim (nebo jen urcitych tkani)

Dalsi moznost: studium vlivu metylace na genovou
expresi



Typel Type II Type LII
Hetero-oligomeric enzymes * ENase and MTase separate Hetero-oligomeric ENase
e  Require ATP hydrolysis for enzymes ATP required for restriction
restriction e  Cut DNA within recognition e  Cut DNA close to recognition
e« Cut DNA at sites remote sequence sequence
from the recognition sequence e DEAD-box proteins
* DEAD-box proteins Konzervativni motiv
e.g. EcoKl e.g. EcoRI e.g. StyLTI
Genes hsdR hsdM  hsdS ecorlR ecorlM mod res
o> > >
Subunits HsdR HsdM  HsdS Res Mod Mod Res
L ] L T J e 1
MTase ENase MTase MTase
Activities
| L j l ]
Both ENase and MTase Both ENase and MTase

FIG. 1. Distinguishing characteristics and organization of the genctic determinants and subunits of the different types of R-M systems. ENase, restriction
cndonuclease; Mtase, methyltransferase, Modified with permission from a figure in reference 83,

Geny pro R a M byvaji blizko sebe, ale ne
v transkripcnich jednotkach



