


DNA family shuffling (= molecular
evolution by in vitro recombination)
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S EGL Q MNTSTSYLSKTLFE T VP L

86 87 88 89 90 91 92 93 94 95 96 97 98 99 100101102103104105106107108109

H QG QUHTI GE M L QHNIKT CTETCRTPIKTKTD
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[ITLLL] I [ | | | |||I| | | AR [ 111 | I]
CTCAAGGCCCCAAACCAGTAACAATC GOCAATCACACTTCCTGOCGAT GCATGTCTAAGCT GGAT

S Q GP K P V T I A N H T S C RCMSK L D



N-terminal helix B2 B3B4 loop B5 P5B6 turn  B7
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pN123 pN45 pC67 pC89
(8 vectors) (4 vectors) (4 vectors) (4 vectors)

pN12345
(32 vectors) (16 vectors)

pMosaic
(512 vectors)




conditioned medium from
transfected and S3°-labelled
: 293T cells

€ VEGF
‘. QO hVEGFR loops 1-3 (R-2 and

R-3 produced in 293T, R-1
- produced in S2 cells)

hlgG1 Fc



Binding of VEGF-VEGF-C mosaic molecules
to soluble VEGF receptor bodies
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9512 possible mosaic molecules
400 expressed (286 don’t bind any VEGFR)

25 VEGFR-1 and -2 éVEGF analogues)
20 VEGFR-2 and -3 (VEGF-C analogues)

23 VEGFR-1 only
21 VEGFR-2 only
15 VEGFR-3 only



VEGFR-1 binding

21 ligand residues make up the interface

N-terminal helix BS

FK SGL TF



VEGFR-3 binding
B2 B3
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Incompatibility between VEGF-A-derived
fragment 3 and VEGF-C-derived fragment 7

81-
7 9 101112131415

123456738910111213




Differential glycosylation

fragment 7
fragment 9
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1. 36 clones were fully sequenced to estimate
the amount of non-productive ligations: one
point mutation & one 2-bp-loss

2. Some weak binding towards VEGFR-1 &
VEGFR-2 is masked by endogenous VEGF

3. Internal control via redundancy of fragment 1



Determination of affinities

Quantitative biological assay
(CAM assay)

Improvement (rational vs. random:
backcrossing & point mutations)
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Effect of VEGF and VEGF-C on CAM

artery, L. lymphatics, V' vein



— In-vitro evolution of the VEGF family yields
polypeptides with novel receptor binding
profiles and possibly modified biological
activities

— Different structural elements of VEGFs
mediate receptor binding, but only some
of them confer receptor specificity
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