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Background

s Membrane proteins are situated in the hydrophobic lipid bilayer of the cell membrane, which makes in vitro
biochemical techniques, such as protein expression and purification, extremely difficult

A

G-Protein Coupled Receptors - GPCRs
the most intensively studied drug targets o é o “Outside their native contexts, membrane proteins may lose
N i) A

important biological features”
>30% of all a?
approved drugs >

target GPCRs ?

v

The development of ligand discovery methods compatible
with natural cellular conditions

W diabetes W obesity ® Alzheimer's ™ CNS

Figl. Schematic overviews of GPCRs

Trowbridge, Aaron et al. “Small molecule photocatalysis enables drug target identification via energy transfer.”, PNAS



SWIS5 NETWORK FOR
INTERDISCIPLINARY EDUCATION
IN CHEMICAL BIOLOGY

Background

Purified protein Affinity-based /\/\
target Inity-base Binders
0/\/\ screening Hit decoding
(PCR, sequencing)
Figl. Process of DEL screening

“Target-specific DEL selection against endogenq)us membrane proteins on live cells has yet to be achieved.”

(1) target specificity;
(2) avidity effect (higher effective ?/‘

Major diﬁ:iculties: target concentration)
Increased ligand
. affinity
% The cell surface contains many other ONAtg i
_ ) o\
proteins and biomolecules PO DNA PUAVAN Washing
tagging -/\/\ Non-binders epe Elution
+ Difficulties in identifying the ligands with a ‘ - _ —‘DEL o i ~ —’(e.g, —
) . . . Live cell POl labelled with \ -/\/\
dissociation constant (Kd) higher than or aDNAtag TAN i gecoang
. Non -binders washed sequencing)
Close tO the target Concentratlon Cell-based affinity away from cell surface
selection of DEL
DNA tag guides DEL hybridization
: _ /\/\
Fig2. The proposed cell-based selection method.
\ 4
Ligand

identification
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Method to label membrane proteins
with a DNA ta

| Small molecule Fluorescent group ‘I
| or antibody o Photocrosslinker |
: / Binding probe \ Capture probe |
! o/\/\ (BP) (CP) |
| |
|
S s« ;
Toehold
sequence >

Tag
Displacement

probe (DP)

NS\

o Y
BP/CP duplex \

Live cell M
Target crosslinking

Toehold POI labelled
displacement with a DNA tag

=

Figl. Schematic overviews of how to label the membrane proteins with DNAtag
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Validating the specificity of FR labelling

COOH

? H
: N
I J@/KW N\ "
o) y
HN BP-1 R (1) BP-1/CP-1 FR
o Hybridize

N
N

P | /j/\H (2)365 nm, 10 s
NN FA

HoN

A\

/\
N FAM Cell

Ns CP-1

Figl. Schematic Cells were labelled with BP-1/CP-1

¢ Fluorescence mostly surrounded the

cell membrane b FAM Bright field Overlay

< The labelling was specific and Hela™ ok S ' 8
)

dependent on DNA-mediated photo-
crosslinking

Fig2. Confocal images of the labelled cells: HeLa



Validating the specificity of FR labelling

C 100 -
. 90+ 1:labelled HeLaFR
S g0- 2: unlabelled HeLaFR
8 1 3: labelled HeLa
§ o 701 4: unlabelled HelLa
N
I
4 -
2
o .
10° 10" 10* 10®° 10* 10° 1 2 3 4

FITC
Figl. Flow cytometry analysis of the labelled or unlabelled cells

* FR was specifically labelled

¢ Mass spectrometry (MS) analysis confirmed the
labelling specificity
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R/

% HeLaR cells were more efficiently labelled

@ @) (i) (i)
BP + NoFA + +

hv + + + - e o
Free FA - - + -
180 kDa- g ; N/\ Biotin
135 kDa - Bio-CP-1 H
75 kDa - * Ng
45 ke # iotin—
35 kDa - R 120 FR
25 kDa - ’g o
& E 90 |
IB: y * e
biotin ]
2 60
=
3
180 kDa - | 3 o
135 kDa - - — . =
75 kDa-| —— i — g 904 'y
45 kDa 0} >-8
T A Y
35 kDa 0
25 kDa - IB: FR 0 30 60 90 120
—— | i Spectral counts (control)

————— — 7B KD)a

IB:.tubulin (inpu

Fig2. Western bloting anaf)ysis and MS analysis of the affinity-
purified proteins
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The BP-1/CP-1 tend to label cell with a higher
expression of POI

FAM Deep red Blue CMF2HC Overlay

e e |

B16-F10 Have a low FR expression

% Nearly all the labelling occurred on HeLaR
cells (red)
% B16-F10 cells (blue) were barely labelled.
100 ym 100 um 100 gm

Figl. HeLaFRand B16-F10 cells were stained with CellTracker Deep Red and
Blue CMF2HC dyes




The BP-1/CP-1 tend to label cell with a higher
expression of POI
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FSC (x1,000)

+ Hela cells (green) have a

lower FSC distribution than

B16-F10 cells

Count

+ B16-F10 cells show low FITC
fluorescence while HelLa cells
exhibit high FITC
fluorescence

250 - I 1
’§~ 200 ~: |
— 150-?
X . Y
31001 4 orio
L 50‘ e
:v..vrrtn] T™TrTrTymT ™7 77T ™™ T
50 100 150 200 250 10° 10° 10* 10°
SSC FITC
100 ~ a
1 HeLa | B16-F10 150 - B16-F10
75 3 :b. I .
: € 100 -
50 - §
0- 0 -

50 100 150 200 250

10°
FSC (x1,000) FITC
Figl. Analysed with flow cytometry by cell size and granularity
(i) and by fluorescence (ii)




BP removal using toehold displacement
after the labelling of FR

/7
0‘0

Small molecule ligand COOH

HQN

HN

@*/\/ﬁr

To validate

Figl. The structures of BP-2 and SRz

FRY

"\

FAM

9-nt toehold

(1) BP—2/CP-2
(2) 365 nm, 10 s

»

N
H
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s Make this fragment can be
displaced by toehold

s And use FAM to visualize
whether this tag is changed

/\

CcP-2

ﬁ { @..--FAM h

(i)

P13, 6 nt

(ii) (iil)

Fig2. Schematic Overview of BP removal



The tag could hybridize with DNA- O 2B e arion
conjugated small molecules

IN CHEMICAL BIOLOGY

CP-2
FR
(1) BP-2/CP-2
(2) 365 nm, 10's @—rau ‘
g / BP-3,6nt
( (ii) (iii)
200 - f 150 Ll'l\
5 P2 f\ 1< =
3 E| £ e P3 3 P2 j B 3
SO O 1 [
»
102 10° 104 10° 102 108 104 105 1l(')2 10la 1(')4 10°
FITC FITC FITC
Figl. Micrograph images of the BP removal process
. BP-3 restored the cell fluorescence
Strong fIl_Jorescence was observed DP addition greatly reduced the
after labelling

signal

* Small-molecule ligands can direct the labelling of membrane proteins with a DNA tag on live cells
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Using antibody to target the POI

“Many membrane proteins do not have a known small-molecule ligand”

% CP may crosslink to the antibody may reduce the labelling efficiency.

a
Anti-EGFR antibody O nbases
-— vk D
\ IS o '@J(N\H Biotin .
’ NS_G_'q Botin  aggy hv N s N "‘w
Antibody-BP | Hybridize MK cel ! A
> —— EGFR f
o l
N Biotin Antibody-BP/CP ' - i
N /@)LH/\/ - ocy 8 rarget labeling Antibody self-labelling
’ n bases
Biotin—-CP

Figl. Schematic Overview of using Antibody-BP to target the POI
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% CPs with n =18, 21 and 25 showed efficiently labelling with relatively low levels of self-labelling

Least self labelling
nvalue c

1.0 but large error bar
NC 9 712 15 18 21 25 30 Optimal
2 0.8
180 kDa CP- |5 414
3 - labelled =
135 kDa | EGFR ©
" o 0.6
100 kDa ! =
8
75 kDa . B 04
65 kDa CP- =
labelled E
antibody 2 oo
(heavy
IB: biotin chain)
Figl. Western blotting of labelling of EGFR with antibody- 0.0 -

9 12 15 18 21 25 30 NC
nvalue

guided probes

Fig2. Column graph summarizing the labelling results
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% Several negative control experiments shows no

or little labelling
d

+» MS characterization confirmed the
labelling specificity
BP + + NC - -

CP(n=18) + + + + - € 40-
hv + -+ + - .
— 4
| abelled 5 ® EGFR O,
180 kD : “GFR E 30+ 7
[}
: g 0] 7
135kDa L e
o 20- 7
100 kDa | § o8 ,,' (o)
£ L7
75kDa x 2 10 - OQ ,
65 kDa a g P’ o)
e 0 T | T 1
IE: blotin 0 10 20 30 40
Protein score (control)
180 kDa IB: EGFR
(input) . . . . :
Fig2. MS analysis of the affinity-purified proteins

Figl. The labelling experiment with antibody—BP/CP (n = 18)
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Primer binding site Encoding site

% Prepare a 4,800-member \ /
tripeptide DEL and spiked in an . ,@’mﬂ I + ¢/\S\ @JOLN@WE@J?\NM
FA-DNA as a positive control HzN“ﬁ'iINlj/\ﬂ a \N\ L

Folic acid (FA)

Q gooH /

Library structure
4,800 DNA-encoded tripeptides 12 x 20 x 20 = 4,800

Figl. The composition of the 4,801-member DEL

b 7b
V Incre:,?'?;tzgand
cP-3

FR (1) BP-4/CP-3 ./‘/\V/t g; Zgﬁr:sa::g;?ﬂsion

(2) hv ) .

(3) DP s\ e e +» Hela cells were labelled with an FA-

-_— —_— binders g . .
4,801- T~ N\ conjugated BP/CP probe pair (BP-
Hela cell Tagged cells member [ TAVAN
DEL ution -
- { — V\A If‘:)t95 °C, 10 min 4/CP 3
Non-binders washed

(2) Centrifugation

Cell-based affinity selection away from cell surface (3) Collect supernatant

of DEL Library incubation

PCR and DNA sequencing to < /\M/\ < ./\/\
identify the hit compounds . /\/\

Fig2. Regular HelLa cells were labelled with BP-4/CP-3 and incubated with the library



FA-FR system validated the reliability of
This DEL selection
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* With the labelled cells, FA was strongly enriched, whereas FA was not enriched
with the unlabelled cells

100 d 100

80 FR 80 FR
o] o)
S o I
[44] 4]
E Labelled E unlablelled
L2 40 Hela cells L 40 Hela cells
5 (D

20 20

@
@
€% o,
0 L 1 T T L 0 LI B L R B T T !
0 300 600 900 1,200 1,500 1,800 0 300 600 900 1,200 1,500 1,800

Post-selection sequence count Post-selection sequence count

Figl. Scatter plots of the selection results for the labelled (left) and unlabelled (right)
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Primer binding site  Encoding site

7-bp Library structure
| d
. CcP-3 o\ ﬁiggﬁge:fii?\ity 0 Hoo §
TVA VAN @JJ\N N VA VAN
- @D 22N> N ;
DEL 450 x 260 x 260 = 30.42 million
DNA-tagged cell 30.42 million Non-binders Hit identification
(no overexpression) compounds w/ \/"\ Wwashed away
Figl. The selection scheme and library structure
b 100 € 100
90
« The selection with the tagged cells ~ _ 2 ¢ i { i} FR Y
identified several distinctly Z 60, |us M s
- (]
enriched compounds £ HoLa ol £ ol cols
% In the untagged cell, the selection I H3 5
also identified some different $% g o tawe,® o
compounds 0 0 =
0 500 1,000 1,500 2,000 2,500 0 500 1,000 1,500 2,000 2500 3,000
Post-selection sequence count Post-selection sequence count

Fig2. Scatter plots of the labelled (left) and unlabelled (right) cells
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Synthesize different to assay binding- e SWISS NETWORK FOR
affinities with SPR

s H2-H5 showed low micromolar affinities, whereas H1 had a relatively
high binding affinity
Table1. SPR analysis of the ‘off-

DNA"hit compounds < SPR analysis showed C1-C3 were not FR binders
Compound (5?1)
H1 0.058 Me NH;
H2 472 B »? H5
OH OJ:;‘\,(. Meoc’w EE) " [
H3 7.16 Ag’ ©/\/H(°” ° N h O N o
N 3
H4 9.96 MY s~ A on
H2 H3 oTr o] oTr
H5 25.9 OMe i
(o] OBn
c1 ND
,55‘]/ o g IolBbes
C2 ND HN N OBn MeO
cs " e @)‘ ) CGN\HT’ Y f} o
OMe  C1 NHBn cs

Figl. Structures of the hit compounds
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% HeLaR cells could be stained with H1-BP (i), but not

ol 300 with FAM—DNA without H1 (jii)
T (i i) % Hela cells with a low FR expression also yielded a
/ FAM ] \ .
‘/\/ _ 2007 | low fluorescence (ii)
c 1 '
= 3 .
H1-BP 8 i b O
100 - ‘ J“ h -8~ H1-FAM; K: 0.090 uM
FAM ; 260 | =8= H2-FAM; K: 11.5 uM
IS 240 - F
FAM-DNA &; 220
< 200 -
g 180 |
g i
h (i) 3 160 -
< 140
120 ]
100 T T T T T I T T T I T I T T T 1
—11-10 9 8 -7 6 -5 —4 -3
FR concentration (log M)
H1-BP H1-BP FAM-DNA Fig2. Fluorescence polarization analysis of H1-FAM and H2-FAM

+ HeLa™ + HelLa + HeLa™

Figl. Flow cytometry (upper panel) and
fluorescent imaging (lower panel) of cells stained
with H1-BP/HelLa



SWISS NETWORK FOR
INTERDISCIPLINARY EDUCATION
IN CHEMICAL BIOLOGY

Whether antibody-based probe could be e
subjected to DEL selection

7-nt tag increased
ligand affinity

o]
EGFR N34©_<
H

"N s W
Anti-EGFR (| (2) DP toehold
antibody displacement

o \/\
oN\/\
s/ \/"\

> Selection
Antibody—BP/CP duplex 30.42-million
member DEL
A431 cell DNA-tagged cell
Figl. EGFR on A431 cells was labelled with an anti-EGFR-antibody—BP/CP
Compound Ky (kM)
% The compounds specifically enriched with < ” —
the tagged cells could be easily identified i - io
g H8 35.8
% H9 18.0
g o
‘zg" [ ] H10 67.5
P Cc4 >200
’0 20 40 60 80 100 120 cs >200

Normalized selection score (unlabeled cell)

Figl. The selection results and its SPR analysis
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Pros cons

)

*

< Allow the DEL selection on live cells Dependency on Known Ligands

% Could identify weak binders without high _ _
protein concentrations < Restricted Target Region

>

«» Both small molecules and antibodies can be
used to guide the labelling

00

Non-Specific Antibody Conjugation

L)

’0

Limited to Extracellular Domains

L)
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What challenges does this DEL-based method solve for ligand
discovery in membrane proteins, and how does it compare to
traditional approaches?

What are the implications of this method for drug discovery
targeting difficult-to-drug proteins?
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