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For mat

e Methods tips, as opposed to research results
(which will be Tuesday @ 3 PM).

- FAQ& A



Why use yeast display?

o Affinity, expression, & stability maturation
— :aSt
— Robust
— Large improvements

e Quantitative screening

» Eucaryotic secretory processing
— Glycosylation
— Disulfides




Y east Display Affinity Matur ation

Binder Target #rounds | Start Final Improve- | Ref
Ky K4 ment
KJ16 TCR 1 500 nM 150 nM 3 X Prot. Eng.
10:1303
‘97
-A- i PNAS
4-4-20 | Fluorescein 4 0.3nM 270fM 1100X | 4710001
‘00
PNAS
scTCR pPMHC 1 1.5 uM 9nM 170 X | or50ar
‘00
. Mol
scTCR SEC 2 3 uM 7nM 430x JBi'\(;'I‘_”
307:1305,
‘01
MFE-23 CEA 2 17 nM 12 pM 1400x | Unewp

sckv




“Displayability” Correlateswith
Soluble Expression L evel

(JMB 292:949, ‘99; Nat. Biotech. 18: 754, ‘00)

13 mutant scTCRs

Linear across 2 orders of
magnitude

Expression ~10 mg/L in
flasks
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Thermal stability from 37°C L 65 °C

1B2-Active Fraction

20 50 60
Temperature (°C)



Does quantitative screening
matter ?

o Optimal labeling strategies
 Normalization for expression differences



Optimal
equilibrium
SCr eening
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Flow Cytometry

Labeled
Cell
Sample

\ 50,000 cells/sec
2| 108 cells/hr

Collect Subpopulations




Count

Nor malization by expression level

e Broad distribution of
population (~ 100 - fold)

e Correct for single-cell
expression variation with

epitope tag signal
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Case study In the value of
nor malization

10*

Jo?

107

# Protein fusions displayed per cell
(Green fluorescein fluor escence)

- Kinetic competition, CEA
binding
- Mutant 1/5 X K

- Ligand histograms overlap
extensively

- Mutant isolated in 3 sorting
rounds with window shown



Trial Sort: Very Fine Discrimination
Van Antwerp & Wittrup, Biotech. Prog. 16:31, ‘O0

Optimal
D1.3 scFv agal nst hen egy discrimination
lysozyme (HEL) 12 —rrrrm -L-----q T
Previous phage affinity Lt
maturation o F
D1.3(K;=14+0.1nM)vs :
M3 (Ky;=0.6£0.2 nM) 06 I

(Hawkins et al., IMB 234:958,’ 93) 04
Mix M3:D1.3 at 1:1,000 =}
Sort top 0.1% T S R R RRS

125-fold mean single HEL] (M)
pass enrichment




What proteins have been
displayed on yeast?

e scFvs(~30todate),
scT CRs

e« MHCClass| & I

o GFP

o Cytokines & growth factors
o Constrained peptide loops
o Sdlectins, EGFR ECD



EGFR ectodomain iIs
displayed and binds EGF

e Overexpressed in ~ 1/3 epithelial cancers
 What epitopesare neutralizing?

25 disulfides
12 N-linked glycosylation sites
620 amino acids



Antigens
for sckFv

library <
screening:

Various fragments of EGFR
expressed functionally on yeast

TM  cytoplasmic GEE
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Method

N-term deletion, (Lax, 1990)
N-term deletion, (Lax, 1990)
Proteolysis, (Woltjer, 1992)
Chemical, (Lax, 1988)
Proteolysis, (Wu, 1990)
Proteolysis, (Kohda, 1993)
Mutagenesis, (Saxon, 1999)

A extracellular
NHe— L L [ m
1 166 313 482 621 690
B Residues
ok \d 7Y v
w3 T W — 7667
. W A ® 124.621
e | * 85106
Y 204.543
—_— 1124 A 321-367
C 1176 % A 302-503
1-294 * YV 518.580
1-520
1-621 %
166-503 4
273-621 %
302-503 4
294.543 %
294-621 %

482-621 %

* = expressed, binds EGF
* = not expressed



How big are yeast libraries?

e ~10/
— onhe person, one day’s work
— Default size for affinity & stability maturation
(10° has generally been sufficient)
o ~10°
— ~ 50 person-days of effort
— Nonimmune human scFv library



Gap repair by homologous
recombination in yeast

1 Kb mutagenic
PCR fragments Cotransform yeast

(scFv ORF) -100 pg PCR fragment

- 10 g vector
~50 bp
overlap

Efficiency > 10°/ug

pPCT302 dlsplay vector

* Noligation
e No E. coli transformation
e < 1% no-insert vector transformants

e < 19% frameshifts



Can ayeadt library be
amplified?

e Yes, 10'°-fold without bias
[ transform once, propagate indefinitely



Yeast library

propagated 10°-fold w/o bias
(Feldhaus, PNNL)

. . 100x 100x 100x 100x 100x
Sp 0]
Ike n 5/0 amplify  -80°C amplify -80°C amplify -80°C amplify -80°C amplify

FITC-binders
P1 P2 P3 P4 P5

IR
EARI v jHA+% sckv expression strongly
A repressed by propagation
o e-e”%""Te JCMyct%  onglucose,
[1 No growth selection bias
| e—e—e—— IFITC+%

PL P2 P3 P4 P5
10°-fold passage number



Can M agnetic Beads be Used
| nstead of Flow Cytometry?

(Yeung & Wittrup, in press)

_Yeast- s Biotinylated N Streptavidin-
displayed Antigen Dynal
sckv Magnetic Beads

{107 cells/mL}/{OD,}

Affinity Maturation L ead I dentification
(One 8x improved in 85,000) (One binder in 140,000 nonbinders)
Single-pass L oss Single-pass L oss
Enrichment Enrichment

600 + 200 75+ 25% 9400 + 1800 93 + 4%




How accessible arethe
displayed proteins?

live, unfixed cells

2 x 106 MW dextran
1° and 2° IgG + PE
[]

>2.5 Megadaltons of
detection reagent
accessible to sckv

Negative ao-Fluorescein
control scFv displayed

aC-myc

FITC-
dextran




| sn’t multivalent display a
problem?

 Although yeast display antibody multivalently,
the soluble antigen 1s monovalent;
and so avidity artifacts are avoided.



|sit hard to work w/ yeast?

e Standard microhial culture
— Standard Petri dish, tube, Ehrlenmeyer flask
— ~ 2 hr doubling time @ 30 °C

e Good general yeast methods references.
— Methods In Enzymology vol. 194, ‘91

— Gletz lab transformation page
http: //maww.umanitoba.ca/faculties/medi cine/units/biochem/gi etz/

* How facilities don't mind yeast once they get used
to theidea



http://www.umanitoba.ca/faculties/medicine/units/biochem/gietz/

How can | get started?

 Invitrogen yeast display kit
— Plasmid pY D1 and yeast EBY 100
— Licensed from UIUC for evaluation purposes

* Methods in Enzymology 328:430, ‘00
— Detalled protocols



Summary

* Yeast display
— Eucaryotic secretory processing
— Quantitative precision in screening

e ODbjective functions
— Affinity (femtomolar K, fine discrimination)

— Stability & secretion (e.g. soluble scTCRS)
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