Projects

Recombinant protein production for immunization & X-ray crystal
structure (Baculovirus, E.Coli, Pichia)

Development of a purification procedure for untagged VEGF-C or tag
removal

Further characterization of VEGF-C (confirm? Vladimir's data on
affinities and non-Covalent dimerization; heterodimerization with
VEGF-D, significance of glycosylation, heparin-affinity,
heterogenous signal peptide cleavage/glycosylation/proteolytic
processing, comparison with VEGF-D, what is the biologically active
form in vivo?)

Identification of ligand-receptor interaction determinants in VEGF
and VEGF-C (hybrid molecule approach)

(Production of VEGF-B heterodimers in mammalian cells)



Recombinant protein production

Purposes:

1. For immunization of mice (monoclonal antibodies)
2.5ource for experiments (CAM assay, rabbit cornea assay, etc.)
3.X-ray Crystal structure

Systems:

milar - E.coli
similarity to - _ |
rnammul_ian - P'Ch|ﬂ expression

level
» Insect cells

protein



Legend: red = protein succesfully expressed, green = these constructs are only intermediates of two-step
clonings, but theoretically capable of expression, blue = not yet analyzed, melSP = mellitin signal peptide

Baculovirus construct

Relative amount/remarks

VEGF-A

pVL1393-hVEGF-A165 (=pVE-165) from Herbert Weich

high (>1 mg/)

pFB1-hVEGF-A165 from Nina Korsisaari

low (< 0.1 mg/I)

VEGF-B

167

pVTBac-melSP-hVEGF-B167

pFB1-hVEGF-B167 from Nina Korsisaari

low/intracellular

pFB1-melSP-hVEGF-B167

low/intracellular

186

pFB1-hVEGF-B186-Hs(COOH)

medium (0.1-1 mg/I)

pFB1-melSP-hVEGF-B186-H(COOH) medium
VEGF-C

Full length constructs

pFB1-hVEGF-C-FL low
pFB1-hVEGF-C-FL-Hs(COOH?) low
pFB1-hVEGF-C-FL-He(NH2) low
pFB1-melSP-hVEGF-C-FL-He

pFB1-hVEGF-C-FL-FLAG(int)

VEGF homology domain constructs

pFB1-ANAC-mel SP-hVEGF-C-H¢(COOHY) high
pFB1-ANAC-mel SP-hVEGF-C-He(COOH?) high
pFB1-ANAC-hVEGF-C-Hs(COOH?) medium

pFB1-ANAC-melSP-hVEGF-C-FLAG(COOH)




Constructs missing either the NHz- or COOH-terminal propeptide

pVTBac-AN-melSP-hVEGF-C

pFB1-AC-hVEGF-C-Hs(COOHY) medium
pFB1-AC-hVEGF-C-Hs(COOH?) medium
Short splice variants

pFB1-hVEGF-C-SSV low

pFB1-AN-mel SP-hVEGF-C-SSV

not detactable

Mutants

pFB1-ANAC-hVEGF-C-156C=5 medium
pFB1-hVEGF-C-alINXS/T=QXS/T

VEGF-D

Full length constructs

pFB1-hVEGF-D-FL low
pFB1-hVEGF-D-FL-Hs(COOH?) low
pFB1-mel SP-hVEGF-D-FL-Hs(COOH?)

pFB1-hVEGF-D-FL-MY((int)

VEGF homology domain constructs

pFB1-ANAC-mel SP-hVEGF-D(COOH?) medium
pFB1-ANAC-mel SP-hVEGF-D(COOH?) medium

pFB1-ANAC-melSP-hVEGF-D-MYC(COOH)

Constructs missing either the NHz- or COOH-terminal propeptide

pFB1-AC-hVEGF-D(COOH!)

pFB1-AC-hVEGF-D(COOH?)

pFB1-AN-mel SP-hVEGF-D(COOH?)




Pichia construct

Relative amount/remarks

VEGF-C

ask Vijay Kumar

VEGF-D

Constructs missing the NH:-terminal propeptide

pPIC9-afac- AN-hVEGF-D-FL

pHIL-51-AN-PHO1-hVEGF-D-FL

PPIC9-afac- AN-hVEGF-D-FL-H6(COOH?)

pHIL-S1-AN-PHO1-hVEGF-D-FL-H6(COOH?)

VEGF homology domain constructs

pPIC9-ANAC-afac-hVEGF-D(COOH!) high/hyperglycoslylated?
pPIC9-ANAC-afac-hVEGF-D(COOH?) high/hyperglycoslylated?
pHIL-S1-ANAC-PHO1-hVEGF-D(COOHY) high/hyperglycoslylated?
pHIL-S1-ANAC-PHO1-hVEGF-D(COOH?) high/hyperglycoslylated?

pPIC9-ANAC-afac-hVEGF-D(COOH?)
alINXS/T=QXS/T

HF Pichia

1| ANAC-VEGF-C-H,-1
|| ANAC-VEGF-D-Hs-1
ANAC-VEGF-D-H,-2
ANAC-VEGF-D-Hs-1
ANAC-VEGF -D-He-1
ANAC-VEGF-D-Hs-2

¥

F

s

Hg - Ab Ag

!'* =+ ?E— 40 kDa

s.8 _ _ . &-— 30kDa

' S e "W, _ 20 kDa
- -

51 — 14 kDa




hVEGF -D-FL-H,(COOH3) hVEGF-C-FL

clone 0.2 clone 3.1 clone 3.2 control LMW (~1 ug/band)

123123 123123
= r

-..j_ 828 = — 40 kDa

-l - = - — — 30 kDa
= - w — 20 kDa
- - -

« — 14 kDa

e
 e—
o

oL

lysate of 80 ul culture, no induction
Iysnfe of 80 pl culture, 2 h induction

1
2
3 = Ni2*NTA miniprep of 1 ml culture, denaturating conditions



\ E.coli construct

\ protein

\ resistance \ hosts

expression

full lenth human VEGF-C (MWcd. ~45.9 kDa including fMet and He tag)

pET15b-hVEGF-C-FL untagged, starting with MPGPREA amp BL21(DE3) very low
AD494(DE3) | none

pET15b-hVEGF-C-FL-Hs(COOH?) his-tagged, starting with MPGPREA amp BL21(DE3) very low
AD494(DE3) | none

pET28b(+)-hVEGF-C-FL untagged, starting with MPGPREA kana BL21 (DE3) low

pET28b(+)-hVEGF-C-FL-Hs(COOH?) his-tagged, starting with MPGPREA kana BL21 (DE3) low

pET15b(-)-hVEGF-C-FL-PPM untagged, starting with MESGLDL amp BL21(DE3) none

pET28b(+)-hVEGF-C-FL-H¢(COOH?)- untagged, starting with MESGLDL kana BL21(DE3) none

PPM

pET28b(+)-hVEGF-C-FL-Hs(NHz2)-PPM | N-terminally his-tagged starting with kana

MGSSHHHHHHESGLDL
ANAC human VEGF-C (MWocac. ~38.8 kDa including fMet and He¢ tag)
pET28b(+)-ANAC-hVEGF-C-H6(COOH") | his-tagged VEGF-homology domain starting kana
with MDPTEETIK

full lenth human VEGF-D (MWcd. ~38.8 kDa including fMet and He¢ tag)

pET15b-hVEGF-D-FL untagged, starting with MSSNEHG amp

pET15b-hVEGF-D-FL-H; his-taggeg, starting with MSSNEHG amp BL21(DE3) medium
AD494 (DE3) | none

pET28b(+)-hVEGF-D-FL untagged, starting with MSSNEHG kana

pET28b(+)-hVEGF-D-FL-H; his-tagged, starting with MSSNEHG kana BL21 (DE3) high




hVEGF-C
mVEGE-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGEF-D

hVEGF-C
mVEGE-C
hVEGF-D
mVEGE-D

hVEGF-C
mVEGE-C

hVEGF-D
mVEGE-D

hVEGF-C
mVEGEF-C

hVEGF-D
mVEGE-D

1

MHLLGEFEFSVA
MHLLCFLSLA

. .MYREWVVV
. .MYGEWGMG

51

CSLLA..AAL
CSLLA..AAL

NVEFMMLYVQL
NILMMEFHVYL

PDAGEATAYA
PDGGEVKAFE

101

NREQANLNSR
.. .QPTLNTR

....TSMDSR
....ASMDSR

151

GKEFGVATNT
GKEFGAATNT

ASELGKSTNT
ASELGKTTNT

201

PLSQGPKPVT
PLSQGPKPVT

PLTSVPELVP
PLTSVPELVP

251

NKTCPTNYMW
NKTCPTNYVW

KKLCPIDMLW
KKLCPIDMLW

301

TCOQCVCRAGL
TCQCVCKGGL

351

QCVCKRTCPR
QCVCKRTCPR

ECVCKTPCPK
ECVCKAPCPG

401

. YRRPCTNRQ
. YRRPCANRL

FHTRPCASGK
FHTRTCASRK

SKDLEEQLRS
GKDLEEQLRS

LPGPREAPAA
IPSPREAPAT

VOGSSNEHGP
VOGFRSEHGP

VSSVDELMTV
VSSVDELMSV

Ab Achen 1

....EQQIRA
....EQQIRA

ASSLEELLRI
ASSLEELLQT

Ab 882

VK..... RSS
VKDEFSFERSS

LYPEYWKMYK
LYPDYWKMYK

THSEDWKLWR
AHSEDWKLWR

TEE..TIKFA
TGD. .SVKFA

Ab

AAHYNTEILK
AAHYNTEILK

928 & 929

SIDNEWRKTQ
SIDNEWRKTQ

SASHRSTRFA
SASHRSTRFA

FEFKPPCVSVY
FEFKPPCVSVY

FFKPPCVNVF
FFKPPCVNVF

ISFANHTSCR
ISFANHTSCR

ATFYDIETLK
ATFYDTETLK

RCGGCCNSEG
RCGGCCNSEG

RCGGCCNEES
RCGGCCNEEG

WC1HIS

CMSKLDVYRQ
CMSKLDVYRQ

VIDEEWQRTQ
VIDEEWQRTQ

LOCMNTSTSY
LOCMNTSTGY

LICMNTSTSY
VMCMNTSTSY

WC2HTS

VHSIIRRSLP
VHSIIRRSLP

Ab Achen 2

VKVANHTGCK
VKIANHTGCK

NNHICRCLAQ
NNYMCRCLAQ

DSNKCKCVLQ
DNTKCKCVLQ

RPASCGPHKE
RPSSCGPHKE

NOQPLNPGKCA
NOQPLNPGKCA

DLIQHPKNCS
DLIQHPENCS

KACEPGFSYS
KHCDPGLSFES

TACAKHCREP
PACGKHWREP

WC1HIS

WC2HIS

Ab 905 50

ESGLDLSDAE
ESGLGEFSEAE

OSTLERS. ..
RSMLERS. ..

100

COLRKGGWQH
COQLRKGGWQ.

CRLRLKSEF. .
CRLKLKSL. .

150

CMPREVCIDV
CMPREVCIDV

CSPRETCVEV
CSPRETCVEV

200

LSKTLFEITV
LSKTLFEITV

ISKQLFEISV
ISKQLFEISV

250

.ATLPQCQAA
.ATLPQCQAA

CLPTAP..RH PYSIIRRSIQ IPEEDRCSHS

CLPTGP..RH

EDFMESSDAG
QDFIFYSNVE

EENPL.AGTE
DETPL.PGTE

LDRNSCQCVC
LDRDSCQCVC

C.ECTESPOK
C.ECTENTOK

PYSTIRRSIQ

DDSTDGFHDI
DDSTNGEFHDV

KNKLEFPSQCG
KNKLEPNSCG
..... PALCG

CLLKGKKFHH
CFLKGKKFHH

Ab Achen 3

CFECKESLET
CFECKESLES

EEVCRCVPSY
EEVCRCVPSY

KEKRAAQGPH
KETR.AQGLY

CCQKHKLFEFHP
CCQKHKIFHP

TPEEDECPHS

300

CGPNKELDEE
CGPNKELDED

350

ANREFDENTC
ANREFDENTC
PHMMFEDEDRC
PHMTEFDEDRC

DTCSCEDRCP
DTCSCEDRCP

WC3HIS

WKRPQMS *
WKRPHLN*

WVC3HIS

SRKNP*. .
SQENP*. .
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100

Cn-dnn
% b LU
oLl et td el Wl

BOTGOEITORGORGEEURETEARGOGG TUTARGGOAAGCTIGTTRAT
(:ﬂm FACATETEACECAE GACEC ASORATEARTRETEOTERTRCTTACASIATA
B CACC ORI RE e OO F T TR CRTEEGEARTECTATACGTEOCARTORGD

Arnino Acid #1seLrLs AT re S TATA TASENLITELEI WA VETLHTVLYFE TREHT
Fosition 1o n ] 4 %0

100
I L
LT ARt ot al Lt

ABTCCARGETOCARGOSACATSACGASATGEEOTARGATARGSCRGTSARCT
(}lh‘[ EOHTEEAEIASARAREATACECRACTATE CEARACETIAGTARAGEACAR
ETEACARACCATCRACCCCCASARG TAATTAATITAGCEATTTTIGRAGTAD

Arnino Acid ©ooLerccensNET0ANLESETETTIETARSHTHTE [LES TIHINELTA0
Position ] ] &0 50 10

100

% 2] hatalll Hl\hl
ottt Lo LA Al

BCCGETAR R T CEARATTACC TS TETATC ETTRACG OO TRARBARTD
(:ﬂ&h‘l FCEATETATEEA T TECACTTRACC T TAREO GG EROA T TACECEAT
ARG TAT e TACEACCCTATA TS CCCATETCCTTEGERCRCOERCE T

Arnino Acid #rrrvc rrveR T vATHII IOV VTRIGECOSSEGLACHHTETETL
Position 1o 120 130 14 150

100
AW
o I Ll NIt

BARTTEARGCCTCACACEARETEACATIC TETACCE THO RO TRARSTOCE
quqn SRCTTRTCTCTOAG TCTETCAACCEGLTCATATALA TEC LLE
EOEATATH TCTRE CARRACTTCTCTCCACETRGTTONATTC TEEAR

Armnino Acid sxrLrerTvrLs e FEr VT IITAHHTECACHEELOVIRG VS TIRRSLTA
Position 160 1m0 180 50 200

100

=2 Ll HNH
oltal g J LML oL, ol

&:m TEAARAGE EHODCACETMEEARATOESE Th ATEE BOACRREATEOEETY
GETTATANGEARTECAERATAGGE STTTTEE AN TATTCTECESEEACGEE
Arrimo Acid nasHider verE s s TLERSEG0 IRANAALITLLR ITHEEDAK LARE LY

Position 1] 0 30 w0 50

100
Codon

% sl L
ol ol L

CARTARAETCTETOOTAATGGATTGAGACACABRETCAACTACRGATEGRD
M TAGTOGTAOEOCCAGCCGTCCCTAATACTATTAARGAGIASECGRACETAT
CATTOTECTCARCTEC TS TGRATCTCTAARATATARGAATECCTRAGEGEE

m Mi_d LESTTEMD SR SASHRETRIGATI TN IITLEVIDIENORTOCSFRITCWIY
Posinon &0 ki 20 a0 100

100

Codun 50
Freq.
bl .I‘ “ ||H|I||| ‘n ||“I||n“ 1L

GAGCHAARAR ITH'E'CTO‘OTCTGG TTAGGACATARARATTATACCTGATI
Cﬂm CUATHRUCACTTACCETETTGGGGGGAARUTTE TRCECTATCARTTATCT
CTGGEE TCCACCROTTRCGCRATTICTCTAGCTCTROCCCRCTCAGCTRAAG

Au]hmﬂ;ld AITLGESTHTITERRFCVEYIRCGGCONTISLICHHTSTSYISEQLIT 137
Position 1o 120 130 140 150

Codon 50
' | |
ol ||h|h.J"||J |hm
CETGCGRAGEACAETRTTCAGEGE
Co&:ﬂ'l CPCATTCTATCARCEGAGTCS Gl.'uﬂﬂl: ﬁl: !‘ﬁ‘ GHN.I*.‘-GM:*'

ARG TERTCETATTSCOARCECTACATEARCEGETARTCPCPCoH
Armmo Acid rrearrrivr e v Teck e LY TAYIEI TELINRE IO IFEEDRESHAKK

100

. \||||“\|||H\ L
oLllli ol )l

BECCTCCEARATEA L] TATCGCRCTATTTSCEACTARGTOORTE
Cngn CPCAGSCOARTG DS ARSTEG GTCRARTTRC CACEARTCRGTEATG G
EARATEAEC RECC TEORTTCCCACATEATTOTCOTTATCAATACTOCTA

Ammo Actd TrraceasHETcFTHIARHHEICACLAGI S TMESSPAEI DITEGINI IG

Posiion 21 230 23 240 250

100

= Ll )
II |I |" "-I_. III |I||

Position 150 170 180 190 200
E'EHERETERHR!‘I“!

‘“Ilh"l
com R

PTG GRE TCCATATTCSGATATTARACC TTCCARTO TERCEETCATTCE
Ammo Acid Lor taniessur oo Lo E IR LAGPIIRIKLOLEALCE PHNIE FEIRET

Position 210 ] 230 240 250

100
Codo
- h\l\l NI\I\ “H
otHMMLLLotl_ULLLULIAL)

CARGUGERATITETAGGOCOSATGOCA
Codom #/raTanas et ez raceiss can BER
BCEGETARCTETOCAGE TG TCCTACCARACACRCETOTA F.': FEF.!FEF

Arndno Acid sieTLrrrroso v rasLEFAS 06 FEEILIENSCQEFOKHELEFSR0EAN
Position 280 2 280 250 00

= L
||..||| ||I|| |||| |I||||||||I

I’IGCil:ﬁﬁrl‘ﬁﬂcﬂli.t?ﬁﬂﬂﬁﬂ'ﬁﬂiiﬁﬁﬁﬁrmcﬁcﬁ..iﬂﬂﬂﬁ'
TCTARATCATACRCCACCTCTGCAATIGCCCABCRATCACCCCTGCACET

Anﬁmﬁni,d CECKTRCREBLTIONFENCICTTCKTALTIPECOENELTHFRTCICTIRGHT
Position %0 2 280 290 300

Codon ¢
e I“" I, H“” )
01111 e 1 T

BEATC TETAAATCRACCCRE RETETATARACCAT
C:uhcn_ SATARSCEAGTGRGCECEARCTAL B RG l:-lrll:lrﬂ-lu ll“l ll:v
BATTACACG TATRACCCRTACATTA TATARTAGACGABARGOCIRAD

Aging Acid w1rrrsreoeveERTErRROFLEYRECRE TETIATAKCLLEQERTHRDTE

Position 310 30 330 340 30
100
=4 el L
||,==‘|L!‘!|II‘| L. | |u.| il

Ll BTE
(COdOm SORIGEREn bah CARESBEAERATEEN PSR Y NG EATEA AR
LT AR TR OGP TERATATTARG TTTITATCRARSGOTOTOTC

Aariing Acid JcrrrreTHRaK A TR P TITERORC VR ATRERFAHIMNE
Position 360 Exi] 3ED 350

Caolors: M= less than 10% of codens for same amino aced; W = at least 10%

100

= Wil ihaLhod
||:.I|I ||||||II.|| AT

CTEAGARETERAD
Com nl:l:l:ll:linl:EsEﬂat-(-!clnnsl:cnl:l:nlinnl:nnlmlm
TCAATATCARATACTCCTRGGRAGTCGGECOAGTITCTTTT

Ao Acid Eerrcnzc K TACATHCRI TR EK RAANE PRI ZEH FHHIHAR
Position m 3a0 asn 340

Co

Colors M= less than 109% of codons for same amino acid. B = at least 10%

hVEGF-C 21% rare E. coli codons (85/394)
hVEGF-D 21% rare E. coli codons (74/340)



NUMBERING FAT BLACK = Overlapping sequence used for annealing short dsDNA fragments

ACCORDING FAT DARK BLUE = non-CDS of oligos
TO VEGF RED = cystein
GREEN = identical amino acid
U BamuI
VEGF-A GAT |CCT |GGG |CAG|AAT|CAT |CAC|GAA|GTG
GA|CCC|GTC|TTA|GTA|GTG|CTT|CAC
VEGF-C GAT |CCT | GCA | CAT | TAT | AAT | ACC | GAG | ATC
GA|CGT |GTA|ATA|TTA|TGG|CTC|TAG
VEGF-A I DI PIGIQINIJHIJIHI|IEIIV
VEGF-C | D| P | A|]HI|]Y|N|T|E|TI

6BP-OL 4BP-OL
VEGF-A GTG|AAA|TTC|ATG|GAT| . |GTC|TAT|CAG|CGC|AGC|TAC|TGC|CAT|CCG|ATC |GAG|ACA|CTG
CAC|TTT|AAG|TAC|CTA| . |CAG|ATA|GTC|GCG|TCG|ATG|ACG|GTA|GGC|TAG|CTC|TGT|GAC
VEGF-C CTG|AAA|TCT |ATT | GAT | AAT | GAG | TGG | AGA | AAG | ACT | CAG | TGC | ATG | CCG | AGA | GAG | GTG | TGT
GAC|TTT |AGA | TAA|CTA|TTA|CTC |ACC | TCT | TTC | TGA| GTC | ACG | TAC | GGC | TCT | CTC | CAC | ACA
VEGF-A VI IK|F|MI|DJ|].|VIY|QIRI|S|Y|C|]H|P?|I|E|T]|L
VEGF-C L|¥]|]S|]I|]D|INIJE|WIRI|K|T|]Q|C|M|P|RI|E]V]|]C
15 16 17 18 19 198 20 21 22 23 24 25 26 27 28 29 30 31 32
sapr ¥ XHOI KPNI U sap1
VEGF-A GTG|GAC|ATC |TTC |CAG|G  AATAGAAGAGC CGCTCTTCG  AA|TAC|CCT|GAT
CAC|CTG|TAG|AAG|GTC|CTT|A TCTTCTCGAGCT_ (CATGGCGAGAAGCTTA TG|GGA |CTA
VEGF-C ATC|GAC|GTG|GGG|AAG|G  AATAGAAGAGC CGCTCTTCG  AA|TTT|GGA|GTC
TAG|CTG|CAC|CCC|TTC|CTT|A TCTTCTCGAGCT_ (CATGGCGAGAAGCTTA AA|CCT|CAG
VEGF-A VIDI|II|FIOQ E| Y| P|D
VEGF-C I | D|V]G]|K E|F |G|V
33 34 35 36 37 38 39 40 41
11BP-0OL Uy mMscI ncor
VEGF-A GAG | ATC | GAG | TAC | ATC | TTC | AAG | CCA | TCC | TGC | GTG | CCC | CTG | ATG |AGA|TGT |GG C
(DS) CTC|TAG|CTC | ATG| TAG|AAG | TTC | GGT | AGG | ACG | CAC | GGG | GAC | TAC | TCT |ACA|CC  G|GTA|C
VEGF-C GCG|ACA | AAC | ACC | TTC | TTC | AAG | CCA | CCA | TGT | GTG | TCC | GTG | TAC |AGA|TGT |GG C
(DS) CGC | TGT | TTG | TGG | AAG | AAG | TTC | GGT | GGT | ACA | CAC | AGG | CAC | ATG | TCT |ACA|CC  G|GTA|C
VEGF-A E|I|E| Y| I|F|XK|P|S|]C|VI|P|IL|IM|RI|]C]|G
VEGF-C AJTI|INI|TI|F|®|K[P|P|CIVI]SI|IVI]Y]|R]C,]

42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58

kpNI U sMaT

VEGF-A CC  G|GGT|TGC|TGC|AAT|GAC|GAA |GGG |CTG
(DS) C|ATG|GG C|CCA|ACG|ACG|TTA|CTG|CTT|CCC|GAC
VEGF-C CC  G|GGT|TGC|TGC|AAT|AGT |GAG|GGG|CTG
(DS) C|ATG|GG C|CCA|ACG|ACG|TTA|TCA|CTC|CCC|GAC
VEGF-A Gl cl CcCINIDIEIGII
VEGF-C | G|l ClC|IN|SI|E]|GI]|L

59 60 61 62 63 64 65 66

5BP-OL TSP509I
VEGF-A GAG|TGC|GTT |CCC|ACC|GAG|GAG|TCC|AAC|ATC|ACC|ATG|CAG|ATT|ATG|AG
(DS) CTC|ACG|CAA |GGG |TGG|CTC|CTC|AGG|TTG|TAG|TGG|TAC|GTC|TAA|TAC|TCT|TAA
VEGF-C CAG|TGC|ATG|AAC|ACG|TCC|ACG|AGC|TAC|CTC|AGC|AAG|ACG|CTG|TTT|GA
(DS) GTC|ACG|TAC|TTG|TGC|AGG|TGC|TCG|ATG|GAG|TCG|TTC|TGC|GAC|AAA|CTT|TAA
VEGF-A E|lC|VI|P|TI|EIJE|l]S|N|]I|T|MI|]OQIII|IMIR
VEGF-C cl¢c M| N T | S| TS| Y|]L|S|KI|TI|LI|F]|E

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82

TSP5091 6BP-
VEGF-A A|ATT |AAA|CCT|CAC| | | CAA |GGG | CAG|CAC |ATC | GGA | GAG | ATG | AGC
(DS) |TTT|GGA|GTG| . | . |GTT|CCC|GTIC|GTG|TAG|CCT|CTC|TAC|TCG
VEGF-C A|ATT |ACA|GTG|CCT|CTC|TCT|CAA|GGG|CCC|AAA|CCA|GTG|ACA|ATC|AGC
(DS) | TGT | CAC | GGA | GAG | AGA | GTT | CCC | GGG | TTT | GGT | CAC | TGT | TAG | TCG
VEGF-A I K| P|IHI| .| .1 QOIGIQIHIII|GI|E]IM,|
VEGF-C Ity vi|ipep|lLIlIslIOlG|IPIKIP|]V|TI|TI

83 84 85 86 86B 86C 87 88 89 90 91 92 93 94 095

OL BBSI NOTI
VEGF-A TTT|CTC|CAG|CAT|AAC|AAA|TGT |GAA|TGT |AGA |CCA|AAG|AAA|GAT|TGA|GTC|TTC|GC
(DS) AAA |GAG|GTC|GTA|TTG|TTT|ACA|CTT|ACA|TCT|GGT|TTC|TTT|CTA|ACT|CAG|AAG|CGC|CGG|
VEGF-C TTT|GCC|AAT |CAC|ACT|TCC|TGC|CGA|TGC|ATG|TCT |AAG|CTG|GAT|TGA|GTC|TTC|GC
(DS) AAA|CGG|TTA|GTG|TGA|AGG|ACG|GCT |ACG|TAC|AGA|TTC|GAC|CTA|ACT |CAG|AAG|CGC|CGG|
VEGF-A Fl Ll Qo HIN]JKJICIEIJ]CI]IRI|PI| K[ EK]I
VEGF-C FlA N H | T] S CI|IRI]ICIM]| S| K] [ 1

96 98 98 99 100 101 102 103 104 105 106 107 108 109



Development of a purification procedure
for untagged VEGF-C

o Affinity chromatography: VEGF-C Ab or recombinant FLT4-H;

e "Classical" chromatographic methods (VEGF purification without heparin-
coulumn, Siemeister et. al., 1996): cation exchange column & gel filtration;
requirement: highly concentrated and sufficiently pure (>90%) starting
material (Pichia supernatant, purified E.coli inclusion bodies)

e Tag removal: insert cleavage site (thrombin, factor Xa, rEK) or limited
proteolysis (what protease?)



Further Characterization of VEGF-C

4.Confirm? Vladimir's data on affinities for the different forms ("but only the
fully processed VEGF-C could activate VEGFR-2")

5.non-covalent dimerization (native PAGE, e.g. blue native PAGE)
6.heterodimerization with VEGF-D (Flag-tagged VEGF-C & Myc-tagged VEGF-D)
7.significance of glycosylation

8.heparin-affinity (full length vs. mature form)

9.heterogenous signal peptide cleavage/glycosylation/proteolytic processing
10.processing: comparison with VEGF-D

11. what is the biologically active form in vivo?2?221lll



Molecular Modelling

. prerequisite for the rational design of site-directed mutations in
a protein

. X-ray crystallography and NMR spectroscopy are the only
ways to obtain detailed structural information

. In the absence of experimental data, model-building on the
basis of the known three dimensional structure of a
homologous protein 1s at present the only reliable method to
obtain structural information




At present most model building
by homology protocols start from the
assumption that, except for the insertions
and deletions, the backbone of the
model 1s 1dentical to the backbone
of the structure.



O OO0 1 ON DN B~ LN —

9 Steps of Molecular Modelling

. Template recognition

. Alignment

. Alignment correction

. Backbone generation

. Generation of canonical loops

. Side chain generation plus optimisation

. Ab 1nitio loop building

. Overall model optimisation

. Model verification with optional repeat of previous steps



Template recognition

%) 25-30% sequence homology required

Threshold for structural homology

range of sequence  key limiting factor

100
similarity in % in model building 1 —a—  allonment threshold
identical residues by homology a0 - -
100% a0 -
SPEED ]
zZ
- y allgnments imply similarity
75% L] 80 - of 3D structure
GQUALITY ° 50 -
o
50% H 407
- .
ALIGNMENT 4 30 -
d an] [allgnments carry Thite or no
25% | information about similarity
104 | of 8D structure
DETECTION |
] T T ¥ | ¥ ) . 1 W
0% o 20 40 a0 60 10(

Figure 1. The main limiting steps for model building by homology as function of
the percentage sequence identity between the structure and the model. allgnment length



Alignment

QGQHCFEMSFLQ QGQH. .CFEMSFLQ QGQHCFE. . .MSFLQ QGQ.H..CFEMSFLQ
GDPHFECVEMTFSQ GDPHFECVEMTFSQ . GDPHFECVEMTFSQ . GDPHFECVEMTFSQ

e Scoring matrices are used to capture evolutionary events in numbers

e Improving the alignment using multiple sequences

sequence 1: LTLTLTLT
sequence 2: YAYAYAYAY

LTLTLTLT. or LTLTLTLT
YAYAYAYAY YAYAYAYAY



sequence 3: TYTYTYTYT

LTLTLTLT
TYTYTYTYT
. YAYAYAYAY

e Threading (1mproving the alignment using the structure)

Example: Ala > Glu substitution (core vs. surface)



BLOSUMG62 amino acid substitution matrix (Henikoff, S. and Henikoft, J. G. (1992). Amino acid
substitution matrices from protein blocks. Proc. Natl. Acad. Sci. USA 89: 10915-10919.)
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Evolutionary homology vs. structural homology

1 2 3 4 5 6 7 8 9 101 12 13 14
PHE ASP ILE CYS ARG LEU PRO GLY SER ALA GLU ALA VAL CYS
PHE ASN VAL CYS ARG THR PRO --- === =--- GLU ALA ILE CYS
PHE ASN VAL CYS ARG --- --- --- THR PRO GLU ALA ILE CYS

\




Backbone generation

VEGF PDGF TGF-
Amino acid sequence homology: VEGF-PDGF 19%



e generation of canonical loops (data based, searching libraries)
e side chain generation plus optimisation (rotamers)

e ab 1nitio loop building (energy based, very bad results)

e overall model optimisation (energy minimisation)

e model verification with optional repeat of previous steps



