Biacore - predstaveni

mericiho systemu



Biacore varianty

nyni (2010) dostupné:

= 4000 (A100) - nejvyssi produktivita, az 4800 interakci/den
* T100 - nejvyssi citlivost

= X100 - osobni systém

= C - mereni koncentraci, certifikovany provoz

= 3000 - univerzalni, citlivy, lze eluovat pro MALDI/MS

= Q - kvalita / kvantita v analyze potravin

* J - nejjednodussi jednokanalovy systém



Porovnani systému

Application/performance
and technical specifications

Biocore T100 -
Unmatched performance

Biocore A100 -

Unmatched productivity

Biocore Flexchip -
Array-based parallel kinetic
profiling

Biacore X100 -

Ready-to-run research

system

Biocore 3000 - Interaction
analysis with SPR-MALDI

interface

Biocore C - Rapid and reliable
protein quantification

Application

Kinetle/affinity characterizatian

Kinetlc/affinity screening and profiling

Sngle cycle kinetlcs

Concentration measurement

Callbratlon-free concentratlan analysls

LMW Interactlon analysls

Thermadynamlc characterlzatlon

Sample recovery far MS

Yes

Yes

Performance and technical specifications

Detectlan spots/sensar surface

Throughput

Unattended run capaclty

Automated data evaluation

User guldance

Cooled sample starage

Analysls temperature (C)

&45 (In-line degasser)

GxP compllance support

GxP Package
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BlAcore

2000

pocatkem 90. let minulého stoleti uvedla na trh svédska firma
Pharmacia (pozdéji Biacore, ..., nyni soucast GE Healthcare)



BlAcore - automatizace

= davkovac vzorku s pozicemi pro zasobniky



SPR biosensor

vymenny biosensor - ,,Cip“ systemu BIACORE

Sensor Chip

ensor Chip Sensor Chip B1
CM5 CcCM4

PIONEER

BIACORE BIACORE

e | ; BIACORE

|

Rozmeéry

modifikace povrchu: 9x2.5x0.1cm
CMS5 karboxymethyl-dextran, HPA hydrofobni,
SA streptavidinovy, NTA komplexace kovd, ...
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Pohled dovnitr

Thermally insulated box

Optical unit
Opto-interface = T
Sensor chip . ; L
IFC | :

Connector
block







BlAcore - prutoény systém

Glass prlsm

Opto-interface
=Glass slide

&
I Fwical I Gold layer

= microfluidics system IFC - mlnlaturnl vymeénny modul s pneumaticky
ovladanymi mikroventily, davkovacimi smyckami a drahami

= privod pracovniho pufru, reagencii a vzorku k jednotlivym kanalum

= variabilni nastaveni mérici konfigurace prato¢né cely -1 az 4
kanalové méreni




Prutoéné cely

. r IFC channels IFC
. kl asic ky _ | ' | - / Fiow cells, formed by contact of the IFC
on the sensor surface
(2000, 3000) S e
Sensor surface — : 3 3 p1
. S  SE— prm—

sekvencni / paralelni

= hydrodynamicka adresace (A100)

Optimized for sample throughput Optimized for information per sample
4x5 — BUORY BEULEL BaAED 20 —— — BUUEd UEE B JuJBa Jaaum
immaobilized immaobilized
interactants f interactants
P s
4 samples -~ 1 sample

= 20 interactions/cycle = 20 interactions/cycle




buffer

sample air sample air

Q b 4 V 4 y &
Prutoény systém
the injection
ow iniet | +|autosampler
IFC Connector Autogarﬁplar
block {
I”—I
cols [

. waste

n <

* sample loop

Sensor Chip
Y Eluent pump Autosampler pump
" 44 r A4
= primy nastrik do cely
|
Injecting
the sample

Injecting
the sample ‘ |

= nastrik pres smycku




Detail toku v cele

= zpusoby prutoku:
- individualnim kanalem (FC
- dvema (FC1,2 nebo FC3,4)

i)

- tremi (FC1,2,3) nebo vSemi
= vliv prutoéné rychlosti na

vymeénu obsahu cely

10000 —
Response Rise tim Fall time
(RU) s C o e .
9000 —
—— 50 pl/min
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8000 — f
e
7000 T T | |
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BlAcore od fwmy_ﬁt[g;mm

- v§e pro spokolenost uzivatele




Imobilizace ligandu

= kovalentni vazba
= afinitni vazba
= hydrofobni interakce

Hydrophobic (supported bilayer)




CMS = nejbéznéjsi volba

Dextran = dextran obsahujici

Al I‘ J "ﬂ ‘ ‘J‘/ e karboxymethylové
‘. .)," ’4’ f’ (> Gold layer skupiny (CM dextran)
XS

/ Glass = tloustka vrstvy ~ 100 nm
Vi

\ g
7 G Biacore Sensor Chip
Series 5 %




CM4 CM-dextran jako u CM5, ale pouze 30% CM skupin

= shizeni vazebné kapacity pro ligand
= zmenseni zaporného naboje matrice
- vyhodné pro snizeni nespec. interakci kladné nabitych molekul
pro méreni s komplexnimi vzorky (bunééné extrakty, kultivaéni media)

= mensi vazba ligandu je vyhodna pro kinetické studie

CM3 CM-dextran jako u CM5, stejna hustota CM skupin jako u

CMS5, ale kratsSi dextranové retézce - jen 30% vazebné kapacity CM5
= mensi sterické zabrany pro vazbu velkych biomolekul (nad 1 MDa)
= vhodné i pro interakce virovych ¢astic a bunék

LA & 4

= nizsi limitace transportu je vyhodna pro kinetické studie

C‘l plochy karboxylovany povrch bez dextranu, jen asi 10%

vazebné kapacity CMS5, imobilizacni metody shodné

= imobilizované ligandy nejsou pohyblivé jako pfi vazbeé pres dextran —
omezeni multivalentnich interakci (mensi aviditni efekty)

= minimalni sterické efekty — vhodné pro velké bioobjekty



SA dextranova matrice s kovalentné

navazanym streptavidinem
= univerzalni - vazba biotinylovanych ligandu
= komplex streptavidin-biotin velmi pevny STe

(Kp = 1015 M)
dextran matrix{

biotin

NTA dextranova matrice s kovaletné

vazanou kyselinou nitrilotrioctovou (NTA)

= vazba rekombinantnich proteini obsahujicich
oligohistidinovy zbytek na konci (His-tag)

prostiednictvim komplexu s Ni?* igand
(metaloafinitni interakce)

= stabilita takto imobilizovaného ligandu . His
nemusi byt vzdy optimalni NTA /CHacoqx 2l

= regenerace mozna EDTA, imidazolem, ... NN THs
= |
?<cod' CH,COO"



H P A ]

plochy povrch
zlato modifikované . o
thiolem s dlouhym

alkanovym r,.etezcem SIS S
- hYd rofobni flat hydrophobic surface

= pro membranové proteiny imobilizované prostrednictvim micel
liposomu — vznikne lipidova monovrstva

= vhodné pro povrchové vazané nebo malo zanorené proteiny
= pokud jsou ale proteiny integralni soucasti lipidové dvojvrstvy, je
treba zachovat jeji strukturu

= ¢Cip lze snadno regenerovat ethanolem (dlouha zivotnost)

lipid monolayer




L1 na bazi CMS5, na karboxyly kovalentné vazany lipofilni zbytky

= ty se mohou integrovat (vsunout) do lipidovych membran veziklu a
nebo liposomu a tak je celé zachytit na povrchu

liposomes

supported bilayer

itk . o A S

SO a0 k.'.n.t.q.u.t.u. NGNS

anchors
soxtran ?/ JJ ) 7/ “;7 — Jﬂ

= alternativné lze membranové bilkoviny imobilizovat po solubilizaci v
detergentu, pak jeho odstranénim a pridanim lipidu rekonstruovat

dvojvrstvu \ detergent &
B

A lipid

mixed
micelles
supported bilayer with
integral ligand
/ ,
/} elution of

;&/ detergent




Au, SIA kit Au

= holy povrch zlata v plastovém drzaku nebo pouze volné
pozlacené sklicko (unmounted) - pro drastické
podminky pfi imobilizaci, po niz se vlepi do drzaku

= yzivatelské fantazii se meze nekladou...



Imobilizace ... dextranova matrice

= diky karboxyskupinam muze nést zaporny naboj a tak
prekoncentrovat kladné nabité biomolekuly

= vyuziti pri imobilizacich k lokalnimu zvyseni koncentrace

= kriticka muze byt volba pH pufru

= pouziti 10 — 50 pg/ml roztoku ligandu typicky da kolem 1000 RU, coz
typicky u proteini = 1 ng/mm2, dostavame pri tloust’ce dextranu 100
nm povrchovou koncentraci ligandu 10 mg/ml



PH pFi imobilizaci - NH, skupina pfes EDC/NHS

= pro bilkiny jako ligandy obvykle pH 5 funguje dobfre
= pouziva se 10 mM acetatovy pufr, elektrostat.

prekoncentrace se vyzkousi 2 min pfi raiznych hodnotach
pH (5.5, 5.0, 4.5, 4.0 pro ,,scouting®)

= prekoncentrace obecné lepsi pri nizsim pH, ALE kovalenti
vazba probiha lépe pfi vyssich pH — kompromis...
= pfi nizkém pH také muze

16000 +

nastat agregace bilkovin ) a5
(viz obr.) S ese |
RU ’ PHAD N

G000 +
pH 5.5

—

1000 +

-4000

0 20 40 B0 80 100 120 140 160



Vazbha pres aminoskupinu ligandu

= EDC - 0.4 M 1-ethyl-3-(3-dimethylaminopropyl)-karbodiimid ve vodé
= NHS - 0.1 M N-hydroxysukcinimid ve vodé

- EDC a NHS se smisi 1:1 pred pouzitim
= ethanolamin 1 M pH 8.5

= ligand - typicky 10-50 pg/ml
v imobilizacnim pufru »
(10 mM acetat pH x) e Y—

EDC/NHS N

= prutok 10 pl/min H  ——) 0 —— N
c=0 c=0 c=0
= kontaktni doby asi 7 min : | l

= vysledny priubéh sensorgramu: \t
Response
5 A

Amount!
immobilized;

EDC/NHS Ligand Ethanolamine

Time



Vazba p¥es thiol (na povrchu) | ~ O\ PDEA
= 2-(2-pyridinyldithio)ethanamin hydrochlorid

- 80 mM ve 100 mM boratu pH 8.5
Ilgand
X

SSCH2CH2NH2-HCI

EDC/NHS

H  —) - ';""
t|3=0 fi':=0 0] ti)=0

Response

Cysteine/NaCl
]
Ligand
EDC/NHS
T PDEA
—

Time



Maleimidova metoda

0
0
EMCH || N AUAAL M,
NH
0

0 ] 0 o igand
sulfo-GMBS C?N\N\o A
EDC/NHS , EMCH y
o — O mmmp W A S—-
C=0 ¢=0 ¢=0
= vznika stala thioetherova
vazba Response
Ligand
Ethanol-
amine
—
EMCH
~ EDC/NHS

Cysteine/NaCl

Time



Vazba pres aldehyd

1. EDC/NHS
2. Hydrazine

o

~o-g

= |

aldehydova skupina se ziska oxidaci diolového uskupeni

pomoci jodistanum (1 mM, mirné podminky)

pomoci galaktosaoxidasy

alternativne lze koncovy galaktosylovy zbytek zkusit oxidovat

pro glykoprotein, oligosacharidy

i i
i e A NaCNBH,
W —— N )
| |
Response Cyano-
borohydride
a

EDC/NHS

Carbo- Ethanolamine

hydrazide

Time



Vazba pres thiol (na ligandu)

= pa povrch se vnese
SH skupina

= ligand derivatizovan _ _=ons
PDEA, vznikne SS  ¢-o
vazba (reverz.!)

= alternativy pro derivatizaci

ligandu:
N-sukcinimidyl-3-[2-pyridyldithio]-propionat SPDP
4-sukcinimidyloxykarbonyl-methyl-a-
[2-pyridyldithio]-toluen (SMPT), pfes aminosk.
ligandu
pre aldehyd. skupinu (z oxidace diolu) lze uzit
N-[e-maleimidokaproova kyselinalhydrazid
(EMCH)

SH _
S
Il|" Cysiamlna!DTE
0 NH S NH
B —> [
+ & st
N SN N N s/ N
PDEA
Response
PDEA/NaCl
Ligand
EDC/NHS

Cystamine

DTE

Time



Sensorgram

Absolute
response (RU)

Buffer Sample

Respon

Analyte binding

se

| Bulk refractive
index E—

Time

Observed sensorgram

Time

Relative
response (RU)

Buffer

Regeneration
I

Buffer

Time

= prubéh typického vazebného experimentu
= signal v ¢ase pfi vazbé biomolekuly na imobilizovany ligand
= tvoren specifickou interakci a zménou indexu lomu protékajiciho

roztoku



Stanoveni koncentrace

= zakladni moznosti:

= pfimé méreni
(se zesilenim odezvy)
* inhibiéni méreni
(kompetice v roztoku)

= kompetice na povrchu
sensoru

. analyte

I

@ ligand

T

Direct binding assay

w enhancement
molecule

. analyte H

|

@S ligand

Y i

®

Direct binding assay
with enhancement

detecting
molecule

4 analyte

A\

’ ligand
Y
Inhibition assay
(solution competition)

competing
analyte

‘ analyte

NV

@ ligand

s

Surface competition assay




Prlme mereni Resonee

nejcastéjsi zpusob stanoveni
koncentrace analytu ve vzorku

= vyhodnocovat Ize bud’ rychlost Binc:ing
v 7 v rate

vazby v pocatku, nebo zmenu
signalu po ustaleni

= zvoleny zplUsob méreni ovlivni || — e

Binding
level

:

analytické parametry stanoveni

Time

= rychlost, citlivost, limit detekce
= vicevrstevny (sendvicovy) komplex zlepsi citlivost (napf.
nanocastice)

Response Response

©)
®

[

Response @

Time

Concentration Concentration




Vliiv afinity a ligandu

= vyssSi afinita umozni mérit nizsi koncentrace analytu

Response

Increasing
affinity

Concentration

Response

Increasing
amount of ligand

Concentration




Inhibiéni (kompetiéni) stanoveni \

pro malé molekuly, jejichz
prima vazba by poskytla
nizky signal

kalibrac¢ni zavislosti v log
zavislosti pro osu x

Response

Response

Concentration

log[concentration)

signal vyvola vazba pomocné

detekcni molekuly; jeji afinita a koncentrace ovlivni vyrazné prubéh

stanoveni

Response

log[concentration]

Response

Decreasing concentratt
of detecting molecule

n

log[concentration]




Primé meéreni (bez kalibrace)

= pokud neni k dispozici standard, lze za podminek difuzni limitace
urcit koncentraci analytu z rychlosti vazby (linearni oblast) se
znalosti (pribliznou) difuzniho koeficientu analytu

= je potreba vysoka hustota ligandu, dostate¢na velikost analytu (pres
5 kDa) a primérena afinita interakce

= optimalni je odezva 0.3—15 RU/s pfi 5 pl/min aspon 30 s, to odpovida
asi 0.05-5 pg/ml

Response

Sensargram is linear if
mass transport is limiting

Mass transport limits Interaction limits
observed binding observed binding

Time




BlIAControl

* menu a toolbary pro manualni interaktivni ovladani
= application wizards pro standardni operace
= editor metod (skriptl) — programovatelny béh

= zobrazeni sensorgramu v realném case
- koordinaty, Cas, velikost signalq, teplota, prutok, stavové info
- moznost zoomovani, znaceni dulezitych bodu (marks)
- kurzor pro odecitani hodnot v lib. bodé sensorgramu
= plnéni pump, proplachy
= tabulka dulezitych udalosti
- automaticky vytvarena - nastriky, zmény operac¢nich parametru
= poznamkovy blok
* uzivatelské nastroje pro standardni operace a udrzbu



7= BIACORE 3000 Control Software on COM1 - [980629-2 IFC3 immob anti-p24 high konc: Sensorgram] M=l

Menu bar ———=File Edt View Command Bun Tools Window Help =& x|
Toolbar —L_"-:'l Hl EHT ‘:‘:r_.li: ,@,l |i"]| t.l flﬂ'l gl El Cycle: |1 "l Cy_wa:l — Sensorgram Fo=1 j
RU 100 a-p24 pH 4, target: 15000 RU
55000 —
51000 S
47000 =
43000
Sensorgram g 99000 7 ﬁ _ ~
window E. 35000 1 (,_.I-L f{ )L l,r—' f’\
é" 31000 | [ | = —X
27000 —+ |
23000 - I
18000 ¢
15000
0 500 1000 1500 2000 2500 3000 3500
Time -
Fc APROG Time Window AbsResp Slope  Baseline RelResp Id Blank LigandMame Target
. 1 Aimd 475 50 18700.2 -0.01 Yes 0 TestiBase Mo 100 a-p24 pH 4 15000 =
Report point 1 Aimd 69.5 50 22337.9 511.36 Mo 36377 Testl_1 Mo 100 a-p24 pH 4 15000
table 1 Amd 7.5 50 25494.8 54270 Mo 6794.7 Testl_ 2 No 100 a-p24 pH 4 15000
1 Aimd4 89.5 50 33334.7 571.15 No 146345 Testl_3 No 100 a-p24 pH 4 15000
1 Aimd 119 K En A1nn7?n 1A EOD Ma DIINTI R Task1 A A 1NN s.n?24 nH 4 1RONN
r I{verﬂ Log — Sensorgram Fo=1
Time  Info Time: 3411.5s Response 318979 RU
0.0 Timestamp: 29-un-38 11:27:21 3
E l 0.0 Set Temperature: 25.0 *C Flow: Flow Cell:
vent log w.0 Temperature: 25.00 °C . .
0.0 Rack 1 (Lek) Thema C Temperature: — °C
0.0 Rack 2 (Right): Thermo_A Instrument Offline
Status window 0.0 Flow Cell: 1 ;'




T2 Working Tools [ x|

Hi i pFik
avni prikazy | -
= - Desorb —
Flush
73 Dock | X Normalize Cancel
: . Rinse
I - Insert a new sensor chip. Click S anitize
Dock when ready. Shutdown
After docking you should run Prime Cancel I Standby
from "Working Tools.

Primes the liquid system by flushing pumps, IFC and autosampler with

. buffer. Use this procedure after docking
Add Report POIHt a new chip and when the buffer is changed. g
Total run time is about B minutes.
~ Dilute oK
Sample 1 Position: IH 241 v I
- [ Last Run Time: 14Jun-3811.06 Sanple2Posion  [F22 3] Carcel |
. : Mix Position: IH 283 - I
Inject/Stop Inject }E /&El = K| Total Volume: 200
— — ~ Mix Dilute Sample 1 to: |35| %
+1 =1 OK
Transfer 0 Position: Im [~ Predip Needle

Cancel I L
Volume: 150 ul Position I - I

[l ol

=R

Reference Line

m [~ Predip Needle
Position -
Flow/Stop Flow or | =
[ 3 [ ]
& Injection E3
T2 Transfer E3 I? Iniectionin Fe 1-2 | Stat Injection
> [inecT =] I Varisble Contact Times

|1-|- — Transfer — -
04
— [R1a1 -] Sample |

From Position:

Position: R143 =
To Position: |F=m2 - | Cancel | |
Yolume: E ul Yolume: B

[~ Predip Needle Contact Time: 105 s
y B5 ul

Pasition: Iﬁ Consumption:
_u:,-l 1an - Mme "




zpusob nastfiku vzorku

Command Comments Injected Sample Max flow
volume consumption rate
INJECT General purpose inject. 5-325 pl Injected vol +30 pl 100 pl/min
KINJECT Low dispersion inject for 10-250 pl Injected vol +40 pl 100 pl/min
kinetics and for samples
sensitive to dilution with
running buffer. Controlled
dissociation time after
sample injection.
QUICKINJECT Low sample consumption. 5-325 pl Injected vol +10 pl 100 pl/min
Less preparation time than
INJECT but more sample
dispersion.
COINJECT Injection of second sample | Sample 1: | Sample 1: 100 pl/min
immediately following the 10-100 pl injected vol +40 pl
o 80 forSsocaten'™ | Sampie2: | Sarpe 2
Variable contact times for 15-250 u njected vol +40 ul
first sample only.
BIGINJECT Large volume inject. 326-750 pl | Injected vol +52 pl 50 pl/min*
Direct inject up to 325 pl,
sample loop between 326
and 425 pl, direct between
426 and 750 pl.
MANUAL INJECT | Manually controlled inject. 1-100 pl/ Loaded vol +30 pl 100 pl/min

See Section 4.3.9.

loading




regenerace

ROZtOk Konc. pH Odolnost
acetonitril 20% 7.5 pulz
acetonitril / NaOH 20%/100 mM | 10.4 pulz
HCI 100 mM 1.3 pulz
ethanol 25-75% pulz
ethylenglykol 50% 10 pulz
kyselina mravendi (leze do IFC) 70% pulz
glycin.HCI 1.5M 25-35 | pulz
kyseline fosfore¢na 100 mM pulz
uhli¢itan sodny 200 mM 11.5 pulz
NaCl 1M kont.
hydrogenuhli¢itan sodny 100 mM 9.2 kont.
NaOH 250 mM pulz
NaOH / NaCl 100 mM/3 M

pulz




BlAEvaluate

vyhodnocovani a porovnavani sensorgramu z ruznych
béhu, vytvareni grafu

odecet rychlosti vazby (smeérnice — koncentracni
mereni)

jednoduché matematické operace se sensorgramy
(posuny, rozdily)

vypocet (curve fitting) kinetickych rychlostnich konstant
z asociacnich a disocia€nich ¢asti sensorgramu



BlASimulate

= kineticka analyza asociacni a disociac¢ni faze
experimentu, moznost simulovat velikost Ssumu, ujizdeni
zakladni linie signalu (drift), limitaci latkovym
transportem

* kineticka analyza interakce s heterogennim ligandem
nebo analytem

= vicenasobné vazby, mapovani epitopu, stanoveni
koncentraci

= dulezity vyukovy nastroj



Aplikacni prikiady

= Cancer and Proteomics Booklet

= Neuroscience Booklet

* |Immunology Booklet

» Biacore™ biosensor assays for quantitation of influenza virus and HCP

= Hit validation using Biacore™ and MicroCal™ analysis

* Unraveling the mechanisms of RNA-binding protein functions using SPR-based kinetic analysis
= Initial studies towards automated screening for enzyme inhibitors by SPR-MS

= Rapid development of a GMP-compliant assay for the determination of antibody concentration

= Validation of a concentration assay using Biacore C

= Optimizing SPR-MS for isolation and characterization of low level impurities in complex, protein
pharmaceutical samples

= Development of immunotherapeutics and immunization regimes

» Transition state thermodynamic analysis using Biacore T100

= Selection of protein therapeutic candidates using Biacore T100

= A multi-protein panel approach for selectivity-based compound screening using Biacore A100
= Early kinetic screening of hybridomas for confident antibody selection using Biacore A100

» The integration of a protein interaction array into a fully automated selection and screening
process

» Resolving a bottleneck in screening and characterization of recombinant antibody fragments
using Biacore 4000-AA

= Analyte recovery in Biacore 3000: optimized functions for SPR-MS applications
= Label-free interaction analysis in real-time using surface plasmon resonance
= Developing a natural partnership for rapid, sensitive identification of binding partners
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