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VEGF-A/VEGF-C Hybrids

Additional experiments done/to do (asymetric
PCR, partial digests, mass preps)

VEGFR-2 and VEGFR-3 domains necessary for
VEGF-C binding (why linear thinking is bad)

Crystal structure of VEGF-C
, VEGF-E as selective activator of VEGFR-2

New adventures in propeptide domain swaps
between VEGF-A and VEGF-C

What you should know about VEGF-C

y Baculovirus work
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VEGFR-1/EpoR VEGFR-3/EpoR

12-11(1,23)
12-9(1,3)
84-11(1,23)
12-13 (1,3)
12-7(1,2)
23-10(2)
14-9(1,3)
53-3(2)
VEGF-C109
VEGF109
12-5(1)
12-14 (3)

T T T T T T J
10-2 S80S 101 102 103 104
VEGFR-2/EpoR

WB:

anti-
PY

VEGFR-3

. anti- s
VEGFR-3

P

anti-
PY

o LI L CLGC LT

IP: VEGFR-2
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Alaninscan of VEGF-C fragments 4,5 & 8

AHYNTEILK FKPPCVSVYRCGGCCNSEGLOCMNTSTSYLSKTLFEI

GeneEditor (dsDNA) = MutaGene (ssDNA) —
asymmetric PCR mutagenesis

still 4 constructs missing

© Michael Jeltsch




-

BGH polvA
Asymmetric PCR template

(749 bp) ‘ P C R

Site-directed mutagenesis
by asymmetric PCR

PCR product = rev primer
{262 bp)

XTI /2 PCR

PCR product
(675 bp)

© Michael Jeltsch




Determination of Relative Affinities of Hybrid Molecules

Receptor immoblized

Y Y Y Y Y YYXYYYY

v

~
oé ".! "‘..
Y Y Y Y Y Y

v

\ ¢
AALALA LA LA X

Growth Factor immoblized

v

PE B Bl S p P

TV e

v

POt YA

L VT AV AWV AN

Hybrid-myc-hisg ‘VEGF—C—hisa = VEGFR-hIgGF¢

© Michael Jeltsch




Use of VEGF-A/C hybrids in vivo

o VEGF,, is compromised in its angiogenic
potency compared to VEGF-A

@ The best hybrid VEGFR-2 agonist (12—11) has
a 3-fold lower affinity than VEGF-A

@ The best VEGFR-3 agonist (84—11) is only
slightly less affine for VEGFR-3 than VEGF-C

@ All have a very well preserved affinity to
VEGFR-1

@ Embedding into VEGF-A or VEGF-C
propeptides

© Michael Jeltsch




Partial Digests are easy!

(A) BssHII

250
(B) BssHI

650
(C) BssHII

1085
Sall

mn 01248%
o 4 B AP

BssHIl cuts

resulting fragment
sizes

nowhere

11985

only at A

10000, 1985

only at B

10250, 1735

only at C

10900, 1085

at A+B

10000, 1735, 250

at A+C

10000, 1085, 900

at B+C

10250, 1085, 650

all sites

10000, 1085, 650,
250

© Michael Jeltsch




- Select an enzyme combination that
allows isolation of your desired
fragment.

- Only do partial digests of linearized
plasmids.

- Calculate the exact amount of enzyme
needed to completely digest 100 pg of
plasmid in 2h.

- Start digest and take aliquots at t = 0,
1,2,4,8, 15, 30, 60, etc. min

- Stop reaction by adding proteinase K
and incubating at 50°C for 10 min

- Heat inactivation works for some
enzymes, especially if you want to
blunt your fragment thereafter, be
aware of the time lag!

How do | calculate the exact amount
of enzyme needed for complete
digestion?

1 unit of a restriction enzyme cuts 1 g
of assay DNA in 1 hour

How many ml of BssHII did | add to 80
Hg of the plasmid shown above?

concentration (BssHII) = 20,000 units/ml
assayed on A (~48 kb)

BssHIl cuts A 6 times

enzyme survival: 0.5 units required for
digestion of 1 pg assay DNA in 16 h

(ug target DNA) (cuts in target DNA) (size of assay-DNA in kb)

needed units enzyme for _
complete digestin 1 h

(cuts on assay-DNA) (size of target DNA in kb)

© Michael Jeltsch




Mass prep trouble

~ Situation

@ Yield has been decreasing over the last years
(from approx. 0.5—1.5 mg/prep to 0.2—0.5 mg/

prep)

@ Quality has been decreasing (both measured
by OD ratio and unsoluble material in the prep)

@ Qccasional to frequent quasi-complete loss of
DNA during isoprop precipitation, ethanol wash
of pellet and resuspension

© Michael Jeltsch




Qiagen vs. MN

@ Qiagen massprep kit & MN Nucleobond AX kit
are completely identical apart from the silica-
matrix pore size & side chains (Nuclobond has

bigger pore sizes and a higher Si** saturation)

Large plasmids should have better recovery
from MN columns while Quiagen columns
should exclude slightly better shared genomic
DNA

© Michael Jeltsch




General problem

Technical staff partially doesn’t follow instructions,
documentation

Bad quality most likely to

Detergent and patrticular remains from a) kitchen b)
introduction during prep (old glass and plastic ware, hon-
filtered solutions, working sterile)

For sensitive transfections: Endotoxin-free Kkits

Insoluble pellet of unknown origin under investigation

Low/Absent concentration partly due to
Overdrying of pellet and insufficient disolution
Precipitation & ethanol wash

Other possible trouble sources

L B, ampicilin, contaminated glycerol stocks (growth directly
from stocks)

© Michael Jeltsch




domain 2
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Importance of Domain Boundaries

IIIIIIII”II II”IIIIIIII” e ”IIIIIIIIHIIIIIIIII III#IIIIIIII”IIII ”uuunw

Barlecn (D2) KLFDPELEL KGTCHIMCAS QTLHLO RGE SERLEITESA CGRNGHORCS
Davis-Smyth (D2) KLFDPELSL KOTCHIMCAS QTLHLO RGE SERLSITESA CORNGKORCS
Wiesmann (D2} KLEDPELEL KGTCHIMCAS QTLHLO RGE AMHEWSLEEM V- SERLEITESA CGRNGHORCS
Curmingham (DZ) KELFDPELEL KGTCHIMCOAS QTLHLO RGE AMHEWSLPEM V------SKE SERLSITESA CGRNGEORCS

oo
e

Makinen (D1-D3}
Makinen (D2) TEESHYIDTG DSLSIS RGO HPLEWAWPGA QERPATGDED SEDTGYWVYRDC EGTDARFYCE
Jeltsch (D2) TEESHWIDTG DSLSIS RGQ HPLEWAWPGA QEARPATGDED SEDTGVVRDC EGTDARPYCE

;\'.17-}'.17-\'.1
W

(D1-2)

D2) #1 LPRLEI QKDILTIFKAN TTLOIT RGO SEQRVEVTEC - -SDGL-FCK
D2) #2 LPRLEI QFDILTIEAN TTLOIT RGO SEQRVEVTEC - -SDEL-FCK
D2) #2 LPRLSI QFDILTIFAN TTLOIT RGO SEQRVEVTEC - -SDEL-FCK
D2) #4 LPRLEI QKDILTIFKAN TTLOIT RGO SEQRVEVTEC - -SDGL-FCK

3-\:15-\:1:}:1:\:1;\:1
[SESNNASNN]

Barlecn (D2) TLTLMTACAN HTSFYS AVPTSFEEET ESAIYIFISD TCSRPEFVEMY
Davis-Smyth (D2) TLTLMTACAN HTIFYS AVPTSKEEEET ESAI

Wiesmarm (D2) TLTLNTACAN HTGFYS AVPTSEKEET ECAIVIFIS
Curningham (D2} TLTLMNTACAN HTIFYS AVPTSFEEET ESAIYIFISD

eali=lgon e

e

Makinen (D1-D3)
Makinsn (D2) YILLHEVHAN DT@SYV YYE YIKARIEGTT AASSIVFVRD
Jeltsch (D2) YILLHEVHRN DTGSYY YYE YIEARIEGTT ARASSIVF

7-\'.17-}'.17-\'.1
W w

(D1-2)

D2) #1 TLTIPEVIGH DTGAYK FYR
D2 #2 TLTIPEVIGH DTGAEYK FYR
(D2) #3 TLTIPEVIGN DTGAYE FYR
D2) #Ha TLTIPEVIGH DTGAEYK FYR

R-2
R-2
R-2
R-2
R-2

Barlecn (D2)
Davis-Smyth (D2)
Wiesmann (DZ)
Curmingham (D2}

oD o
e

Makinen (D1-D2)
Makinen (D2}
Jeltech (D2)

7-\:17-}:1:\:1
W

(D1-3)
(02) #1
(o2) #2
(D2) #3
(D2) #4

;U;U;F;U;U
B BI BD BD B

Barlecn (D2)
Davis-Suyth (D2}
Wiesmarn (D2)
Curmingham (D2}

FFFU?-FM
[ER=RE

Makinen (D1-D32)
Makinen (DZ2)
Jeltech (D2)

:\:1:}:1:\:1
WL

(D1-3)
(02) #1
(o2) #2
(D2) #3
(D2) 4

:\:17-\:17-}:1:\:1:\:1
B BRI BI BRI BD
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VEGFR-3 hlgGF. constructs

1 only
2 only #1
#2
#3
#4
#5

#3
#4
#5

1-3

VEGFR-3 domain 1 replaced by corresponding
domains from VEGFR-1, ¢-fms, PDGFR-x

© Michael Jeltsch
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VEGFR-2 hlgGF. constructs

1 only

2only #1

#2

#3

#4
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E.coli Expression

® Expression optimization
different strains: AD494, BL21(DE3),
different constructs: pET15 (amp),

@ Inclusion body isolation by differental centrifugation &
washing:

@ Solubilization: 8M urea,

@ Crude seperation before refolding:

© Michael Jeltsch




E.coli BL21(DE3)*
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Size exclusion chromatography

© Michael Jeltsch




Refolding & Purification

Refolding by try and error: Purification:

redox-pair lon-exchange chromatography

pH Hydrophobic interaction chromatography
metal salts Size-exclusion chromatography

protein concentration

slow versus shock refolding

detergents/denaturating agents

arginine, glycine, etc.

Ba/F3, FSAP, IP with soluble receptors, receptor phosphorylation

© Michael Jeltsch




Foldlt Screen:

Formulations

Buffer

1) S5 mM Tz pH 82
2) S5 mMMES pHES
3 55 mMMES pH6 5
41 55mM TispHaZ
5 55 mMMES pH6 5
8 5mM TrispHaZ
T samM TrispHaZ
81 55 mMMES pHE5
93 55 mMMES pH &5
10355 mM TrispH 82
1055 mM Tis pH 8.2
12).55 m MES pH8 5
13055 mh TispH 8.2
1455 m MES pH& 5
15 55 M MES pH6.5
16 50 m e pH 8.2

1)
2}
3
4]
5|
)
7]
8]
)

Salt

264 mM Ma Chioride, 11mM K Chlonds
10.58 mM Ma Chioride, 0.4 mM K Chioride
10.56 mhi Na Chioride, 0.44 mM K Chiande
264 mhd Na Chioride, 11mb K Chionide
264 mM Na Chioride, T1mM K Chionde
10.56 mh Mg Chioride, 0.44 mM K Chiande
10.56 mhd Na Chioride, 0.44 mM K Chionde
264 mid Na Chioride, T1mM K Chionde
264 mM Na Chioride, T1mM K Chionde

1031058 mM Ma Chioride, 0.44 m K Chioride

113 10.56 mh Ma Chioride, 044 m K Chloride

12.)264 mhd Na Chibnde, 11mb K Chionds

13.) 264 mhd Na Chionde, 11mb K Chionds

14.110.56 mh M Chioride, 0.44 mb K Chibride

16.110.56 mh M Chioride, 0.44 b K Chioride

16.) 264 md Na Chioride, 11mb K Chionde

PEG 3350 Guanidine

%o wiv)
1.) 0.05%
2.3 none
3] 0.0%8%
4.1 none
5.0 none
8 0.0%%
1) nong
8. 0.08%
9.) 0.085%
A0} none
H0.055%
12} none
13} none
14)0055%
1.} none

16} 0055%

Hl
15 0
2} 550 M
3} 550 MM
4 0
5 0
&) 550 MM
7} 50 M
&) 0mM
9y 530 m
100 mi
1) 0mM
12550
13550
1430
150 mi
16550

CationfC helator

1) 1.1 m EDTA
2} 2.2 mM Mg Chionde, 22 mM Ca Chioride
33 1.1 mM EDTA
49 2.2 mM Mg Chionde, 22 mM G Chioride
2.9 2.2 mM Mg Chinnde, 22 mM Ga Chioride
8.9 1.1 mh EDTA,
71 2.2 mM Mg Chioride, 22 mb Ca Chioride
&) 1.0 mM EDTA
93 2.2 mh hg Chibnde, 22 mM Ca Chibride
103 1.1 mh EDTA
11 22 mi by Chioride, 2.2 mM Ca Chibnde
1.1 mMEDTA
15 1.1 mMEDTA
122 mi b Chibride, 2.2 md Ca Chicride
.11 mMEDTA
16.) 22 mM Mg Chioride, 2.2 mh Ca Chicride

HaMmPTON
RESEARCH

Sclutions for Crystal Growth

Polar & Nonpolar Additive s

11 none

21 none

30 440 m Sucmse, S50 mid L-Arginine
41 440 m Sucmse, S50 mhd L-Argining
4] 440 mh Sumss

6] 440 mh Sucmos

T 550 mM L-Aminine

&) 550 m L-Aminine

A5 440 mM Sicmse

0.3 440 mh Sucmss

117 550 mb L-Arginine

2.1 550 b L-Arginine

13.) rona

4] mone

15.) 440 mM Sucmse, 550 mb L-Aginine
6.0 40 mM Sucmse, 550 mb L-Aminine
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VEGF guides angiogenesis

through endothelial tip-cell filopodia

Tip cells:

- different expression pattern
compared to stalk cells (e.g.
more VEGFR-2 and PDGF-
B)

- No proliferative response to
VEGF

- migratory response to a
VEGF gradient

© Gerhardt et al.




Binding of VEGF-E NZ2 & NZ7 to VEGFR-2/IgGF¢ fusion proteins

' VEGFR-1/IgG VEGFR-2/IlgG  VEGFR-3/lgG PAS

3 3
= <
LL LL
O O
LL LL
= =

© Gerhardt et al.




VEGFR-2 mediated tip cell migration & stalk cell proliferation

control VEGFR-1 spec. ligand | VEGFR-2 spec. ligand | VEGFR-3 spec. ligand
HSA rmPIGF-2 VEGF-E NZ2 VEGF-C 1565

b e il

£
.

| a___24hHSAinjection | b 24h VEGF-E injection

© Gerhardt et al.




o-VEGF-C

N-terminus silk homology domain

HBD

N-terminus silk homology domain

HBD
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Expression & Receptor Binding of
VEGF-A/VEGF-C Propeptide Domain swaps

© Michael Jeltsch



BstEll BsaAl  PiMI_ Bsu36l

g

hVEGF-C-FL

pPGEM3z-K14-hVEGF-C-FL.gcc
(7273 bp)
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PGEM3z-K14-hVEGF-C-UTR

(6020 bp)

© Michael Jeltsch




Expression?
ANAC-hVEGF-C ' no
ACA
CAC
CAC-UTR ' ' ' ' ' yes

ACA-UTR ' = [ ' very weak?

ANAC-hVEGF-C-UTR ' ' yes

IgKSP-ACA-UTR ' ' [ ' no

IgKSP-ACA

© Michael Jeltsch




Some more disturbing results

IP:

polyclonal
ant-hVEGF-A
antiserum

&

polyclonal
ant-hVEGF-C VHD
antiserum

© Michael Jeltsch




VEGF-C

@ What is known about the different forms of VEGF-
C and why we still lack important knowledge

@ What to use when: Immunization,
Lymphangiogenesis/Angiogenesis

@ What attempts have been done to produce
monoclonal antibodies against human VEGF-C?

@ What antibodies do exist and what do they
recognize?

© Michael Jeltsch




61 Prepropeptide

58 Dimerized
propeptide

29 Secreted
31 form

- - 14 ;
hours of \
0 12 24 48 4 cubation i e o~y

intermediate

21 Mature 15 Alternatively
form processed form

Peptides (produced in 293
EBNA cells) identified by
sequencing:

@ NHo-F(32)ESGLD. .. 43 Alternatively

processed form

@ NHo-A(MM2)HYNTE. ..

@ NH,-S(228)LPATL...

© Michael Jeltsch




hVEGFR-3

hVEGFR-2

)
1
L
&)
LL
>
=

o-VEGF-C/

.2|gqeAespoun, |

[Psligqiyui-sbeaes|o,
adA} pjim
DVNV

2lgeAespun,
L8lqyui-sbenes|o,

adA1 plim

IVNV

.Slgeaesjoun,
JPanqiyul-sbeaes|o,

adA} piim

IVNV

.2lgeaespun,
LajqIyui-abeaesio,
adA] pIim

OVNV
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VEGFR-2

VEGFR-3

full length

alternatively C-
terminally
processed

main/secreted

mature

N-terminal
propeptide +
partial VHD

© Michael Jeltsch




Mature VEGF-C is probably a rare
species under physiological conditions

(quail VEGF-C)

High Five
Sf-9 (7 d p.i.)
293 EBNA
293 EBNA
293 EBNA

58_> — 57
43 > — 43
20/31 _>. 30
; _) I

15_>
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1

human MHLLGFFSVA CSLLAAALLP GPREAPAALRA A
mouse MHLLCFLSLA CSLLAAARLTP SPREAPATVA A

103
| __peplide anfisenim 882

102103 1M11/112 219/220 2271228

signal
! y peptice
available proteins |

* % identity
baculoviral full length hVEGF-C =

hexa-

yeast ANAC-hVEGF-C-wt histt;%ine
yeast ANAC-hVEGF-C C1588

baculoviral ANAC-hVEGF-C

baculoviral ANAC-hVEGF-C2

baculoviral ANAC-hVEGF-C; g

{minimal receptor binding fragment)

© Michael Jeltsch




@ All recombinant VEGF-C protein that has been
shown to be lymphangiogenic in vivo was one of
the following three forms:

 NH,~(DP)TEETIK...MSKLHs-COOH

NH,-(DP)AHYNT...MSKLD-myc-H-COOH (CAM)

full length (CAM, recent experiments)

© Michael Jeltsch




Transgenic mice/Adenoviruses/AAV

Adenovirus: NH,-TEETIK.. MSKL-COOH ?

Adenovirus: full length

P77

© Michael Jeltsch




Mouse Imunizations

@ 1996/97 (Diabor Oy, Matti Hoyhtya): 2 mg of
baculoviral ANAC-hVEGF-C-Hg (1 -TEETIK

@ 199/7/98 (Vijay Kumar/Reija Valtola): yeast
ANAC-hVEGF-C-Hg ( -TEETIK...

..MSKL/,)

@ 2003 (Haartman Institute, Tanja Pyy): yeast
protein as above, same expression batch?

@ 2003 (HUS, Ulf-Hakan Stenman): 2 mg of
baculoviral hWVEGF-C-FL-Hg (DP-FESGLD...

...PQMSH,)

© Michael Jeltsch




Bacvuloviruses work

@ Baculoviruses with Dual Insect/
Mammalian Promoter

@ Protein Production and
Purification

© Michael Jeltsch




Hpal
Munl

LYVE-1 construct

Sexh
Smal

Ecoll

e Factor Xa site

Nhel pFB1-Dual-hLYVE-1-EC-IgGFc

Pull hLYVE-1 EC (6873 bp)
Pstl

BstEl
Motl
Sacl

Sall
EcoRl
BasHIl

Rsrll
BamHI
BspEl

Ncol/
=nakl
Nclel

Miul
Tth1111 BsmBl
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Expression of hLYVE-1-EC-hlgGFc in insect cells (HF)

promoter promoter
CMV Dual Polh CMV Dual Polh

= Ty

© Michael Jeltsch




Expression of hLYVE-1-EC-hlgGFc
in mammalian cells

293T Cos-1

© Michael Jeltsch




lacZ baculo-
infected
d 13 CAM

infection with concentrated
virus, harvest 48 h p.i.

Dual prdmoter lacZ Polh promotr VEGF-C

© Michael Jeltsch




CAM: H&E

© Michael Jeltsch
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Virus Purification

Classical purification by
ultacentrifugation in a gradient,
recovery of infectivity ~5—15%

Chromatography on heparin column,
recovery >50%?77?

Construct Testing

No possibility to test functionality of
constructs short of creating the virus

© Michael Jeltsch




New Baculoviruses for In-vivo Infection

pFB1-Dual-lacZ-Hg — works
pFB1-Dual-IgKSP-hSA-Hoxe — works
pFB1-Dual-IgKSP-CAC-Hg

pFB1-Dual-IgKSP-ACA-Hg
pFB1-Dual-IgKSP-hVEGF-C-Cterminus-He
pFB1-Dual-IgKSP-hVEGF-A165-He — untested
pFB1-Dual-lIgKSP-ANAC-hVEGF-C-Hg — untested
pFB1-Dual-IgKSP-hVEGF-C-FL-Hs — untested
pFB1-Dual-lgkSP-hVEGF-C-SIISS-Hs — untested
pFB1-Dual-IgkSP-hVEGF-C-SIISS-FLAG-Hs — untested

© Michael Jeltsch




From cDNA to Protein

Step Minimum time needed

Cloning of cDNA into baculovirus transfer vector 5 days

Transposition in E.coli to create recombinant virus 4 days

Transfection of insect cells with viral DNA 4 days

1. Amplification of virus stock 4 days

Testing of different clones for expression 6 days

2. Amplification of selected clones 4 days

Large scale production of virus stock 4 days

Infection of insect cells for production purposes 3 days

Dialysis of conditioned medium 3 days

Purification using Ni2+NTA chromatography 1 day

Dialysis, sterilization & quantitation of peak fractions 3 days
Total 41 days

© Michael Jeltsch




Protein Yields

Protein

Low-level expression: full-length
VEGF-C, full-length VEGF-D

Medium-level expression: short VEGF-
C-C156S, short VEGF-D, VEGF-A1es,
most IgG fusions

High-level expression: short VEGF-C

Insane levels: VEGF-E

* Mg purified & sterile protein per ml conditioned medium
using approx. 500 ml conditioned medium

>10

© Michael Jeltsch




Small vs. medium vs. large
scale expression

@ Protein yields do not scale

@ Small scale expression is inefficient due to losses
during purification, dialysis & sterilization (100 ml
vs. 500 ml gives 17ug vs. 500pg hVEGF-C-FL)

@ Large scale expression of h'WEGF-C-FL in
progress (problems of air-lift fermenter: stock
virus quantity & quality, cell viability & cell lines,
monitoring, control)

@ Stable expression for large scale expression
might be easier (Drosophila & InsectSelect)

© Michael Jeltsch




