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Background

% Targeting PPIs represents a powerful

therapeutic strategy. % Molecular glues can either stabilize endogenous

PPIs or induce non-native ones
Endosomal entry * ACE2 mimetic
= Therapeutic a
@ [ * Vaccine-elicit
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Fig1. PPl in SARS-CoV-2 entry pathway

native partner

protein 1

shield protein

ST @

Type | Typel ll Type lll

Fig2. Molecular glue classification system based on its mechanism

of action
Jeffrey A. Dewey,Clémence Delalande .et al. Molecular Glue Discovery: Current and Future Approaches
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% “Molecular glue degraders(MGD) can induce the proximity between ubiquitin ligases and target protein to
induce the degradation of target protein”

% These B-hairpin G-loops on the target proteins define surface
/ features to make it can stabilize protein-protein interactions with

CRBN-NTD CRBN
» Proteomics ° %08/' Q .f
* Transcriptomics | g .°.- %) —>
» Metabolomics | o fﬁ'g‘
* Co-precipitation [%e&" 8 o
"omics" analysis mechanism validation
Fig2. Using computational method to make prediction for the target of Molecular
Glues
* Knowing this motif, we can predict more potential targets of this
Fig1. A B-hairpin loop of CK1a binds CRBN on top of CRBN/MGD to broaden the target space of CRBN

its lenalidomide-binding pocket

G. Petzold, E. S. Fischer, N. H. Thoma, Structural basis of lenalidomide-induced CK1a degradation by the CRL4CRBN ubiquitin ligase
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The Criteria and Workflow for identifying e SWISS NETWORKFOR
the Motif

% Choose CK1a f3-hairpin G-loops around glycine 40 as

35 40 query
CKia NI[N[I[TINIGIE[EFC % Selected from CRBN:lenlidomide:CK1 aternary complex
G+_5 GTO §+2 structure
- — ! B-hairpin G-loop 5 Match .| Docking pose
B-hairpin G-loop template 8-residue (CK1a proxy)
G-loop motif
N C T
‘ , G+2 PLTACLLLLECITET.
' + Structural :
: Databank :
"‘v'"- J «’ (PDB/AF2)
r . l G+1
) oo
/,T“‘. ;~ Glycine
G3 G2 G1 (@O
: — 1424 predicted Filter for steric
CRBN binding B-hairpin G-loop €| clashes with
proteins CRBN

% The structure of B-hairpin G-loops is defined by

. Fig2. Definition of the B-hairpin G-loop motif and schematic of the
an 8-residue G-loop g B-hairp p

computational workflow.



Predicted target distributed Iin different protein
classes and structural domains
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A 911 non-C,H,
B-hairpin G-pop
“ proteins

monncy,  iecovered all previously reported B-hairpin
Bramn Gl 5-Joop targets”

Total G-loops
4000 I Total proteins
6123
1424
G-k:'?p G-loop
motifs :
) in proteome proteins
5160 CH, aF 646 C,H,ZF
B-hairpin G-lopp B-hairpin G-loop
0 —-—-— protefhs

i % A significant majority (84%) of the identified
B-hairpin G-loop motifs are found within

Fig2. Absolute number of matcheg oS T eMMer C2H2 ZFs or non-C2H2,and distribution in fulC2H2ZF proteins
length proteins. Mined motifs matching the - hairpin G-loop query in the human

non-C,H, C,H
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- Other HIUP
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> 6,123 Motifs Distributing in 1,424 human
Proteins were identified
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729

non-¢.H,
B-haifpin —
G-loop G-lo

proteins protelns

729
proteins in
96 protein
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912
B-hairpin G-loops
in 272 domains

Mokx < @ “ ldentified proteins belongs to 96 classes
AR BRK and 912 structural domains
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Fig1. Total distribution of B-hairpin G-loops across the proteome (left). Distribution of non-
C2H2 $3- hairpin G-loops across protein classes (center) and structural domains (right)
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Validation of predicted targets

"Having established a computational map of the CRBN-compatible B-hairpin G-loop proteome, we next sought to
validate compound-dependent CRBN recruitment of predicted targets using proximity-ligation experiments”

Use 3 different known molecular glue to validate...
D

Cpd 2 » Experiment validation showed an

enrichment of some known
targets

-
-

® G-loop protein
Other

=
o

» Experiment also identified novel
B-hairpin G-loop proteins

L
NF166
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Fig1. Volcano plots of TurbolD experiments in CAL51
cells
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s Although the proximity-ligation experiment validated a broad range of targets, for avaiding the indirect
biotinylation of targets, we need to validate the direct target engagement

Has a potential amino acid preferences 1
= G-loop L
I |
A | CK13 (Kinase) SCYL1 (Kinase) WEE1 (Kinase) TRIB1 (Kinase)
o B-hairpin :
= G-loops Y 4 o C
i o o ARl R 2 o e, 2 | R T o | RGeS
CKIo| LAINITNGEEWVAV HiPS w7 : 2 v
Validated in the PL WEELIKCVKRLDGCIYAL =
experiment - CKIQ)]LGTDIAAGEEVAIL
g NEK7|RAACLLDGVPVAL
2 SCYLIIRGRKKAWMGSPVSI
g TRIBI|{RALCIHEGRELRC
TRIB3|QCALHCPEMGTEYTC —
as a similar G-loop structure pLKI|EATDTEMGSAYAV e,
with CK1a LIMKI|KVIHREEGEVMVM j o Y

Fig1. Sequence logo plot (top) and sequence alignment
of B-hairpin G-loops in kinases(bottom) Fig2. NanoBRET validation of B-hairpin G-loops
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CRBN'enaaiiement IN CHEMICAL BIOLOGY

“G-loop glycine to asparagine mutation that is predicted to prevent binding of other G-loop targets”

There is a dependence of G-loop in the e SWISS NETWORK FOR

% Glycine to asparagine mutations within the identified
G g 1 4 e .
i L targets ablated the NanoBRET signal
58 L -
% g - -' e © ¢ @ @ I
< 2 0 s LIMD1 (LIM ZF) WBP4 WW1 (WW) CHD7 (BRK) PPIL4 (RRM)
I BNEK7 WT
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Fig1. Ternary complex formation between CRBN and % 2
wild-type or mutant NEK7 Z § )| e@®@@ oo oo ||

o
I
o 12 3 4 0 1 2 3 4 0 1 2 3

log,, Cpd concentration [nM]
Fig2. Ternary complex formation between CRBN and (3-hairpin G- loop proteins
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% Select a set of proteins from other classes for

further validation % G-loop-dependent interactions with CRBN

PPIL4 (RRM) MNAT1 (RING) LIMDT1 (LIM ZF) WBP4 (WW domain)
. G-loop . \. < -
g B-hairpin
qEJ G-IOOPS E % 5 28 1 mre gt & | &Wﬁln ) g e & En; s {3 e wieos () e
B 114 -.-- 34 "y - I 'E_ 7/‘.
= (non C,H,) t( ng VbAY g % - l " S 2
% * sk Yl 51»1:.-- i I, 511_,.
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PDEGD N L R D A E T G K I L W Q logya Cpd 1 {nM) logia Cpd 1 (M) logia Cpd 3 (nM) logio Cpd 1 (nM)
PPIL4 V I R D W K T G E S L C Y KIFCB(KLnesin) ASS1 (HUP) HNRNPD (HHM) CHD‘I(BRK)
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Fig1. Sequence logo plot (top) and sequence alignment _ o o
of B-hairpin G-loops in selected proteins(bottom) Fig2. NanoBRET validation of B-hairpin G-loops
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‘ ‘ G+2
Sas

G4‘-J"'-

AN A

)

’ :’. '~"
/T“ X
G-3 G2 G-
CRBN binding

% The interaction between G-loop and CRBN largely affected by G-3, G-2, G-1

% G-3, G-2, G-1, G, G+1 contributed the largest part of the interface

Minimal G-loop | Match 5| Docking pose
template " 5-residue (CK1a proxy)
A G-loop motif
s 4o ’zf- j, S
ataban
CK1a N{IIN[1[T|NIG[E[EFC (PDBIAF2)
A A ' (340 .............
G-3 G+l -~
minimal G-loop .'l g K
- me B CKio (5 residues) oy W400 |
wgrgg:s (surface) H357 1633 predicted Filter for steric
minimal G-loop € clashes with
Fig1. CK1a B-hairpin G-loop surface with the region proteins CRBN
burried upon CRBN:Lenalidomide binding colored in red Fig2. Definition of the minimal G-loop and the

corresponding computational workflow
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A new class of Targets found with stringent
definition

“ ldentified more proteins, recovering all validated targets

¢ This approach reveal 217 helical G-loop motifs in 184 proteins

B 647 C_H Helical

B-hairpin Other [ - ErloopTe

G-loop (105) ' L Ser/Thr

proteins 184 D kinase mTOR (FRB domain) LCK/BLK/LYN

1633 184 proteins in {2 Ser/Thr Kinase Tyr Kinase
minimal G-loop helical |- 63 protein "=y : Fig2. Models of two domains predicted t
proteins G-loop classes kisrl'nase helical G-loop motifs.
proteins

697 ‘

non-C_H .

B-hairpin : % There are two classical and

G-loop proteins well-established targets contain

Fig1. Distribution of the minimal G-loop target space such helical motifs



The helical G-loop motif can form a complex
with target through CULT domain of CRBN

SWISS NETWORK FOR
INTERDISCIPLINARY EDUCATION
IN CHEMICAL BIOLOGY

*» Nano-BRET validation confirmed the complex
formation between mTOR-FRB domain, CRBN and
Cpd1

¢ And this formation is also has a dependence on
residue Glycine

% The helical G-loop
engage CRBN through its
C-terminal CULT domain

Rapamycin

C b_inding
site
EmTOR FRB WT
7 @emTOR FRB G2092N
> RS
s NE g
SC 05 - T\ WS
gg ‘), \ @\\//& =
Z NN
2 o P <\— / {\ | cren
. : : \ { CuLT
0 - ® o ? s @ ? | &“/J’M ]) Domain
T T T ' \ - J‘; )
o 1 2 3 4 (<
_ log1o Cpd 1 (nM) ),
Fig1. Distribution of the minimal G-loop target space Fig2. Ternary complex structure of CRBN, mTOR-

FRB and Cpd1
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mTOR-FRB can form a more Compact
interface than CK1 a

“The backbone geometry of the G-4 residue differs from B-hairpin G-loops due to changes in torsion angles *

mTOR-FRB

C CK1a
G-5
G-4 G2092
: N Voo
Expose of the side chai mTOR-FRB RKYMK SGNV B-hairpin
Helical CK1a AINITNGEE G-loop
G-loop t t
G-5 G40 :
A CRBN
P CRBN CULT
CULT ‘.

Fig1. Comparison of the mTOR-FRB helical G-loop (left) and the CK1a B-hairpin G-loop (right)



Validation of Generalizability of helical SWISS NETWORK FOR
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G-Ioog

G

N m HCK m HCK WT
o 20 - ABLK ABLKWT
o 4 yLCK oiE v LCK WT
5 7 o LYN 85 o LYNWT
= 10 - §% m HCK G437N
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Fig1. TR-FRET validation of ternary complex formation Fig2. NanoBRET validation of ternary complex formation

% This analysis uncover a structurally differentiated helical G-loop motif present in 184 proteins
that extends neosubstrate recognition by CRBN beyond 3-hairpin a-turns.
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Only Several targets Showed a e INTERDISCIPLINARY EDUCATION
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“It has been shown that weak target
recruitment can be converted into

A degradation through differentiated

.‘ =L A Cpa+ chemistry”
g ° ¢ :
A I g
g | 2 pd S % ! Whether differentiated MGD lead to

e |\ D= g : degradation in these cases?
| TEFIX Y P P I EE R R R R ~3 Use this to screen
Iogz protein fold change log, proteln 1oid change

Fig2. Degradation proteomics in CAL51 cells Fig1. Global TMT proteomics in CAL51
exposed to 10 uM of Cpd 1 cells, DMSO/MGD



CRBN recruitment can be improved by e SWISSNETWORKFOR
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IN CHEMICAL BIOLOGY

% Treatment of CAL51 cells with Cpd 5 led to
% Cpd 5 induced a higher formation of complex potent NEK7 degradation

between NEK7, CRBN and Cpd5

- Ccpas
. - | NEK7 |
© u NEK7:Cpd 5 : i
% 4 7 eNEK7iCpa1 .+ "
% 3 4 . %
s g .
» : &
E 2 | ] = . » ..s'. )
E‘L 1 - '..‘ .
= -
o = *_ : | | |
o 1 2 3 4
logys Cpd (nM) 5328 IOQ,DrmE!ntwmange "

Fig1. TR-FRET validation of compound-dependent . .
NEK7 binding to CRBN. Fig2. Global TMT proteomics in CAL51 cells,

DMSO/MGD
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+» This extension of NEK7 seem to extend the
PPI interface with CRBN

Expended PPI interface Is critical for e SWISS NETWORK FOR

+» Deletion of these N-terminal residues reduce the

NanoBRET signal
1 4 mNEK7 .
& NEK74' s
E -
N
s
Ecc 0.5 ¥
ZE ) | A 2
< N o o
. A
o 1 2 3 4
log;o Cpd 5 (nM)

Fig2. NanoBRET validation of CRBN engagement

CRBN
Fig1. NEK7:CRBN:Cpd. 5 ternary complex structure.
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% Comparing the NEK7 ternary complex to the

G

ternary complex of CK1a reveals differences at electrostatics
the interface NEK7 NEK7| ()7 . CK1a
N-terminal NEK7 -'_\. —
exiension G-loop 1 -':I
P T e
Can affect the overall ,; *\1" " ? -
' poses of NEK7 domain é
. : ‘ﬂg“on CRBN ':;1" i P -
s\ G-loop
') o NEK7 burled CK1a buried
Interface with CRBN interface with CRBN

Fig2. Superposition of the NEK7:CRBN and CK1a:CRBN (PDB id: 5fqd)

CK1a
G-loop crystal structures
+» Substantial differences in electrostatics and surface
| sartyber oy o | area coverage further prove diverging interface
CRBN N-term. LON domaln CRBN C-term. CULT domain requirements of both targets

Fig1. Superposition of the NEK7:CRBN and
CK1a:CRBN (PDB id: 5fqd) crystal structures
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Other structural arrangements may exist that further depart from the G-loop paradigm, which can satisfy the
interaction with CRBN
B VAV1 SH3c GSPT1
« Modified the surface matching algorithms to detect (modeh ol W1
surface similarity to known CRBN binding motifs Smlarky

A PETTTITRITELLRCTS 3 _ |
i 27168 VAV1 ¢ A possible CRBN binding -
E.surface patchesi region on VAV1 . _:-T?\"i‘\ \
& Aligned patch+ VA1 Shiac
s domain aﬁléia \- KL\ /
) : by CRBN
Match ._ Filter LI [
andaali o 4 for CRBN™ ¥ il INoe ¥ Fig2. Left: Surface similarity between the predicted VAV1 SH3c
= clashes AN ' pose and GSPT1 Right: Coloring of the GSPT1 surface according
4 surface NG 4 to surface similarity to VAV1 SH3c in the model pose
& (degron) | cREN )
Chen 5 3 el'ectmstat'ﬁ §e < The second surface patch of VAV1 SH3c showed
- ¥ striking similarities to the GSPT1 surface

Fig1. Pipeline to match surface patches in VAV1 domains to known degron
surfaces.
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VAV1 form the ternary complex in a
RT-loop dependent manner

s TR-FRET identified Cpd. 6 as a potent inducer of ternary complex formation

% Recruitment of full length VAV1 to CRBN through Cpd. 6 could be confirmed in cells using NanoBRET

m VAV1 SH3c B VAV1 wt v VAV1nSRC, . = VAV1 SH3c wt
20 71 eVAV2 SH3c AVAVIRT,,, © VAVIRTSRC,,, VAVISH3GRT,,
s ety 4 ; v VAV3 SH3c RT/nSRC,,,
% 15 S ‘ h ey 1S © VAV3 SH3c nSRC,,,
15 A
:g [ :J_‘: 3 1 + ; .
E 10 - " w w v ¥V vy - 508
e o 7 v ¥ o 10 A o
5 o Q@24 ¥ - 8
T 5 1 4 5 * #o 8'8
o+ | < ,u” s %
_ - & @
= 0 T ———— de 1‘ 6 ,‘ ® | ° ? = 0{ s @ mnnmnmnn
I | | | I T T T T T
0 1 2 3 4 o 1 2 3 4 0o 1 2 3 4
log1o Cpd 6 (NM) l0g10 Cpd 6 (nM) log1o Cpd 6 (M)
F 7?5 790 795 800 805 810 815 820 82|5 83|0 835 840

| I | | | I | | |
VAV1 SH3c KYFGTAKARNDFCARDRSELEBLKEGDI IKEHLNKKG-QQGWWRGEIYGRVGWFEANYMEEDY S
VAV2SH3c RVIGTAVARYNFAARDMRELELREGDVVREYSRIGGDQGWWKGETNGRIGWFRESTYMEEE G I
VAVBSH3c KVLGIAIARYDFCARDMRELELLKGDVVKEYTKMS-ANGWWRGEVNGRVGWFRSTNMEEDE -

* k k k & * *
RT-loo — nSRC-loo ol
b1 : B2 s ——e 85




Proteins lacking G-loops can engage

CRBN through surface complementari¥ IN CHEMICAL BIOLOGY

VAV1 SH3c
nSrc-loop
4 i RT-loop
] “éxtend the PPI
| ( ), R798 interface
e P |
f b N
/A \ & - ‘\\\\’/ (
Sensor ) A== )
Loop ~/ ‘ \\ \ N
s L/
) 4. =
€ /\ / / V/ -'.‘.\ . ,(//<‘
| S 4 / .‘ \A\\‘ ” N ‘
g ¢/ - 2
”
CRBN:Cpd 6

Fig1. VAV1:Cpd. 6:CRBN ternary complex
structure.

< VAV1 also forms hydrogen bond
interactions with the three critical
CRBN residues

R796
H c N }
: 3 VAVI C-LESRDRAC-N
\ GSPT1 N-VDKKSGEK-C

5 t
\ G574

VAV | 2 GSPT1 G-loop N 4c
RT-loop [ (PDB id: 6xk9) ; ¢
8574
‘ &\ R796 "Es76
»
' N K572
droo & \ Y s
" D797 .
- b N é l- i
N351 Yo/ ;
/ Z o } W400
H357
H357 — N351 —

Fig2. Comparison of hydrogen bond interactions
between CRBN and the VAV1 RT-loop and the
GSPT1 G-loop
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| c
&
c
VAV \ ( N
RT-l :
oop R796
| ‘\.0 -»
G575 Cod 6

\

GSPT1 X | -
G-loop - ‘\; <~ CC-90009
357 creN Nhii 1
Fig3. Superposition of VAV1 RT-loop and GSPT1 G

oop

% VAV1 engages two CRBN residues
through the side chains in the RT-
loop instead of backbone interaction
of G-loop



SWISS NETWORK FOR
INTERDISCIPLINARY EDUCATION
IN CHEMICAL BIOLOGY

Conclusion

set the definition of B-hairpin G-loop motif and conduct the
prediction

A proteome-wide map of the B-
hairpin G-loop target space

Validating the prediction

Test the dependence of the G-loop in CRBN engagement

[Use a less stringent definition of G-loop to conduct mining

CRBN engagement through helical G- mMTOR-FRB(which has a helical G-loop motif) can form a more
|oop motifs Compact interface than CKl «

[Validation of Generalizability of helical G-loop

[ Conclusion ]

[CRBN recruitment can be improved by differentiated MGDs

of NEK7

differentiated PPI interface

NEK?7 binds CRBN through a [Expended PPI interface is critical for ternary Complex formation

—— e\ — e

(Interactions between CRBN and its Targets are malleable

Interactions between CRBN and its Targets are malleable
VAV1 engages CRBN through
molecular surface mimicry ofa VAV1 form the ternary complex in a RT-loop dependent manner

known degron Proteins lacking G-loops can engage CRBN through surface
complementarity
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1. What kind of Challenges has been solved by this paper?

2. What are the potential therapeutic implications of expanding the CRBN target
space beyond the B-hairpin G-loop paradigm?



