EBRBREZMR (R

444 | JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE) Vol.44 No.4 Apr. 2024

B - ZEAT R

3FRKEFHYWSAGET1 5INTS3IHEIER RIS

T, ZHA,E B, K #
bR E IR RS SUNRERE LR AT 5be, il 200125
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immunoprecipitation, Co-IP) (K5 BB 1IE 3 Fl R K 2K B 1% SAGET MINTS3 M E A o Bl 78 5 AE 8 Mk nd A BE B4 5
NN His-SUMO Al GST ¥4, JFTE R 3R A 18 A7 ik, Sl ROV D BRG2) B AR 1 o il 2 2 55 8 R bR
(surface plasmon resonance, SPR) SZHGWNAE H AR A Z [ W45 A 9w 55, {5 BT M OGBS HERLZHT (size exclusion
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HAE AR R RAT s B PR

[R823R] WRPLIE L RS SYIEEE3; AT

[DOI] 10.3969/j.issn.1674-8115.2024.04.004 [FEHES] R34 [ X#ErEL] A

Conservation of protein interaction between SAGE1 and INTS3 identified in 3
different types of primates

LI Xiaochang, LI Mingyue, LEI Ming, WU Jian
Shanghai Institute of Precision Medicine, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai
200125, China

[Abstract] Objective-To investigate the evolution of sarcoma antigen 1 (SAGE1), a member of the cancer-testis antigen (CTA)
family, in three representative primate species—Macaca mulatta (Rhesus), Callithrix jacchus (Marmoset), and Microcebus murinus
(Mouse Lemur), as well as the conservation of its interaction with INTS3, a subunit of the integrator complex. Methods- The
interaction between INTS3 and SAGE] in these primates and the interaction between INTS3 and human SAGE1 mutants were first
validated in HEK293T cells by using co-immunoprecipitation (Co-IP). Truncated proteins were then tagged with His-SUMO and
GST, respectively, and expressed in Escherichia coli, followed by a series of purification steps to obtain the target proteins. Surface
plasmon resonance (SPR) was used to measure the binding affinity of the target proteins, and size exclusion chromatography with
multi-angle light scattering (SEC-MALS) was used to determine the stoichiometry of the complex. Additionally, molecular docking
was employed to predict the binding model of the truncated SAGE1 and INTS3. Mutations were performed on human SAGE1 key
interface residues to analyze their binding to INTS3 by Co-IP. Results-The interaction between the full-length human-derived
INTS3 and the full-length SAGE1 from the three primate species was confirmed by Co-IP. Truncated proteins were purified through
multiple steps of tandom chromatography. The dissociation constants of the three pairs of truncated INTS3-SAGE! were measured
via SPR, and the SEC-MALS results demonstrated that the binding ratio of INTS3-SAGE1 was 2 : 1. Furthermore, molecular
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docking predicted a structural model of the truncated INTS3-SAGE1 complex and the binding interface was extensively constituted
with hydrophobic contacts assisted by some hydrophilic interactions. The interaction between the mutant SAGE1 and INTS3 full-
length protein was significantly weakened. Conclusion-There is a conserved interaction between INTS3 and SAGEI across

Rhesus, Marmoset, and Mouse lemur.

[Key words] sarcoma antigen 1 (SAGE1); integrator complex subunit 3 (INTS3); interaction

Jea-SE ALY (cancer-testis antigen, CTA) J&—
FRAEEME MR A ALH A & 3R, AL w24
UM ARIBRRE B M, 8 M A bR )
FRBEIRITHLE . 5 B/ RA AN CTA W S e
B, HHRKHS CTA VY T (amplicon) B0
T2 AR AR X, AREPRE 1 (sarcoma
antigen 1, SAGEI) J&CTAWMEEN 2 —, fTX
PR (Xq26.3) Xk, 5548095 — CTA 45
——CT454 (CTA family 45 member A) % Ji% £f Ik Kt
Mg —ike, SLRIF R T CT454-SAGE ¥ 35 F-45H .
A T S5 0 A A 2 A B EE DL L P INTS6L F
MMGTI v & Bl Fs 5 . bk f BETT &, CT454-
SAGEL ¥ ¥4 Wt Je B N e b T i M 2Emli 2L 2h
SR SAGE 1 F: PRI A AUANAFAE T RA S Wy 1 i
R4, W CT454-SAGEL Y1 F e itk g
F—AAEE B G0 . INRIABEAN F, A%
1 SAGE1 {75 52 LA 3 (R 25 /D B 41 b i ik
TEHAMA LG T AR IR SFIR Rk, RMLERE
it g I b g LA B Sk SR 4 22 ROl IR Hh SAGEL
WP ik P AEENE, A
WA 22 I SAGEL 9 58 05 55 Mg ik e | (=28 A
ARG Z A E % D) O, {HJ& B HTA T SAGEL
MYA I RE . SR RN . R B R 48 55 55 o AL
D7 AN B R i — D TR A RYAZ I A R Gk 1Y)
wrgE s

F 417 i A InterProScan (http://www. ebi. ac. uk/
interpro/) X} AR SAGE1 [ &5 3k ot 47 40 M, &
SAGE! W& A NZEHIH (SAGEL,,) A 1441
RIREETY), BAEERICKAME 47 EHR,
ZHRBRER PRI REE 5 K WAkiE ; SAGEL 1R
FEAREERI, (SAGE1 ) FEH 44> a-BRHEF AR 1Y) 4
MR R A5, B AR AL IR 45 G DI HEFT RNA i JiE
Bl 16 MY A R SR WS 4 RNA R E B 0
DDX21 Z5 g% 5 RNA K 5§ I (RNA polymerase
L, Pol II) L #:AHT AR 45 5L K 56 5% . SR
SAGE!1 & A 5 Pol I o HAh 55 5% 7 AH ELAE
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BARE AW (integrator complex, INT) J&—Ff
M 14N R R T2 AW, A Pol 1T,
2 5 mRNA B 8 | 3/ 0 TR s 4k 45 e o7
ARE ™ AR, ZE AW INTS6 T I ) R
HRUGZEFIE (INTS6.,) 5 INTS3 ML ) R FE R v 45
Fg3 (INTS3.,,) ZIEAEAE EEA BAE A . IRy
WF5E 1 HiGH, INTS6 A] LLMIINTS3, Hifif DNA 454
511 (human single stranded DNA binding protein 1,
hSSB1) MIH 454, JEALINTS6-INTS3-hSSBI W& &
Y, Z25DNAMBIGEE . AR, RIMTEHR
INTS61, 5 SAGE1 ., Z 0] 5 A 55 & 14 77 3 [m) A%
JEF INTS6.,, 5 INTS3 ., Z I 25 A U5 B, TR
1A FEHLHEI SAGE] 5 INTS3 2 [ % 45 1 G th A7 1
HEZAMEAER, JF M EERER KIS h g
AHEL T INT 5 5 WX Fie 22 i A% A vy
NARSFRY RN R T S, SAGEL & R K 2K3h Wiy
. B AR B (B Y — SRR SR R . TR A 5
o, REKESYh TIH 5 A7 LA
PR BB N R AR S BR HY A
P DD e a6 ) R K 26 54 SAGE T 2 11 1Y
WF5E, T LAE— 25 T i SAGEL Ay HE Ak K H A B 1
B b B RK BB RTS8 (A
RS ) . BRI [ (Rhesus)
OE R E MUK ] WA [
(Marmoset) FiIds BB AR ] DIRFEHAE O
RS AR DURIEH . AEFRATT S50 = % AR
SAGE1 Fi ] TYEIR R Ay FEml L, FRAT 2k £ 1e i 4%
W FZE I (Mouse Lemur, B 3Cfij K Lemur) iX
3PP FANE R KB SAGE L 1E MBI X 4 e FF- A
SEMFGE T AR U A A H L S W AR R A it
KR, R ITE B AN T 3 R K23
Y SAGEL 5 INTS3 A EAEM . i KR4
W (Escherichia coli, E. coli) AMRE H T LK R A
FEALEIR R, 513K T SAGET #2 3 oK v #4014
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EH (SAGEl.,,) . INTS3 # 3 A i # 48 1K & B
(INTS3.p,) IAIRENL, SR 5 A B 28 1 45 B 43t
PREARSHT T NGB 12250, IR Mk
JEHHIE T INTS3 ., 5 SAGE1 o FUZE A LB 1t
Sh, FRATIE I 4y F B T, B0 T INTS3 -
SAGEl ., E AW = HE L5 ALY, JF¥ H 5 INTS6
I A IR E 1 (INTS6.,,) 5 INTS3 . JE L
INTS3 - INTS6.., & VAT AL, FRATHIWFTE 4G
FAEA T R K23 INTS3 5 SAGE! Z [8] iy A .
VB A e B PRSP, #2488 T X% SAGET 7E R K 3%
Sl e BRI AR A A B, MR 22 SAGET 6
HLHIWFSE . SE#E 1) INTS3 55 SAGEL & A& W 11 i 43 ¢
RESFI TSR B T IR S IR LR

1 HBE5ERE

1.1 SRR

111 KRR, WS pGEX-6P1 # K |
pET-28a #; 1& . pcDNA3.4-3xFLAG-N # & |
pcDNA3.4-STREP-N #{4& . E. coli Rosetta (DE3) T#
¥k . E. coli DH5« 1 Bk . HEK293T 41 il Y55 [ A 52 56
BIRFE

112 SR 5 R EALES BRI R R N
T4 DNA #%E#:F (Thermo Fisher, 2£[H), JoE il
2R (ClonExpress I, FIRUUEMERE), (rURESFMER
A0 & (QuikChange Il , Agilent; 3E[E), =33k
O F B -0 R (Tris-HCD) , fkél (NaCl . H
M. 2 2 (EDTA) . & " EEW Y 2 R
(EGTA) . 2% (PBS). mhi-20 (Tween-20) .
B TR R IERE (Triton-X-100) . B 75 1 i
(DTT) . 4-F2HEWRWE Z R (HEPES) . 4% kbt
B (PMSF) . selkER . HKHIK, S HNEE-B-D-Iiftf7
Wit (IPTG) . & W HR &R . RIFER. vk (AT
AP TRE (L) RMABRAE ], Cocktail 2 (I
#il 57 (Roche, X 1), DMEM ¥: 3% £ (Thermo
Fisher, 32[H). 41y (FBS, Gibico; ), g
iR ik (Lipofectamine 3000, Thermo Fisher;
EH), FER-MERMPIEM (Thermo Fisher, 3
), FLAG M2 beads (M8823, Sigma; 3£ [H ),
STREP Tactin XT resin (IBA, ff[E), LBH;FRHE (7
BAETAMBEARAR), %552 G250
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(PO017, = K), BRE T & J8E G EMZEN I i
(Ni-NTA, Qiagen; fE[E ), & bt H KK 3R W 5E i
(glutathione sepharose 4B, Cytiva; JE[E); 1Ml #H 411
SUMO # {1 B 1 (ULPI-His) LA & GST-3C fiff
(PreScission Protease) M A LG = K ik . 4lifk .

WIEE.OHL (5814R, Eppendorf, 78 ), Hijk{X
ki (Mini-PROTEAN, Bio-Rad; E[H), A
AR (VCX750, SONICS, ), L
Bl (Avanti J-26XP, Beckman Coulter; JE[E), ##H K
THVERS (SB-5200DTN, THHZAEY), HRIRG K
Fefl (YR101, bB#VEERAEY)), Pdai e ok
FPLC) # 4
(AKTA™ pure) . JZ2HrHE (Superdex™) . il 4>+ H
YE5r1 7245 (Biacore 8K) (Cytiva, M), #&) A
BWOLESH Y (DAWN HELEOS 11, Wyatt; 2£[E) &
TR ERA

(fast protein liquid chromatography,

1.2 S8 ik

1.2.1 514 . DNA G HAF 1 &
TR () el AT B R 58 .
122 R E ZIAET AW TR (LF) B
A RRA 1T DNA AR, 345 TR . Wk, &
A RIS SAGET 19 4K FE R i 13 371 o 3k 26
51| 73 4% A pcDNA3.4-3xFLAG-N Jfi ki, 1584 K
SAGEI R ik ki, f FH A7 s 58 728 3 50 & B A 26
SAGE1 [ 3¢ & 1€ F i »5 (M832. F838. Q840,
R872. F873. K874) RAENNWHEM, 152|541k
SAGE1 FiA kL ; PRI E M . U . RN FI A
FRINTS3 K IEH i 751, 7 54f A pcDNA3.4-
STREP-N Jify, 1533 fl R KK W FE 4K
INTS3 IRk, B, FIH PCRECARZRTT 1 3R
KK SAGEI ) CTD, I SAGEI ) CTD JE A 7
34 A pGEX-6P1 k1A, X {fif5 SAGE ] YR Sy L
B H RS IS B (GST) alifbbrss, 15 %) 46
M . AR NI ) 2 sl A 2 e IR i 2 A% il
(GST) 4lifbAR%s i SAGEL ., Fik kL. fi B PCR 3k
1% T INTS3 /) CTD, Jf-¥4H4di A pET-28a kA, fiifs
INTS3 (2 5371 |- His-SUMO Ziifbrss, a5
Uiyt A His-SUMO 4 AL FR 2 i INTS3 ., ik 24
1.2.3 g dbiiiEsis AL H HEK293T 1

B TAY
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25% (M FER G FR A5 3%, 37 °CHEFR 6~12 h Z 5 W
ZEUH MRS R A7 VAT HEA T e o o QUi AR UOUL S 240 i
IR (B EREHRITE 70%~80%) , fdi il Lipo3000 #E47 5
R . A8 hJF AR YL 4r 20, A 400 pL 4iifiEg
Z @ W (20 mmol/L Tris-HCI pH 7.4, 150 mmol/L
NaCl, 10% H a1, 0.5% Triton-X-100,
EDTA, 1 mmol/L EGTA, 4 uL Cocktail) 222 & &4
JiL, A FH SONICS i 7 ik 4H L i i3 {L L 30% 14 By 2% 8
FRALTE, A AEEE RS, TE4°CTF, 16 900 xg
B0 15 min, HU40 pL FiEWAAE, T4 DiEwOmA
B 7015 I 7Y FLAG M2 beads/Strep resin /7, 4 °CH%
FEWEER . AR EELHL300 xg B0 1 min,
s bW, ARMWRERIEE3I R, BIKEL
1 min, B.0 5 BIEW . A 40 pL 2xSDS-PAGE
loading buffer (125 mmol/L Tris-HCI pH 6.8, 10%
SDS, 0.2% VR, 25% Hil, 2.5% DTT), 99 °C
PR S min 8 PE, FESVARAET-20 °Co MBI E
JFERE%: (Western blotting) HEFT 45 .

124 HEpxRBH4k HESRAEEWEADN
Rosetta [ 7% H 3 200 xg B§.0> 15 min, & FiEw, HZ
fi# W (50 mmol/L HEPES, 400 mmol/L NaCl, 10%
Hh, 0.1 mmol/L=kZ, 1 mmol/L PMSF, 1 mmol/L
HH K, cocktail, pH 8.0) HEFMAKIG, RHMA %k
SR EIRZU IS 2539 000xg B5.0> 40 min, HL -
T . FRIK His 525 (19 8 11 H Ni-NTA £ iR 7E 4 °Cfi%
HHEETRA 1 h, ik GSTHRZEAIEE 1 GST 3R b
BERE BRI A 3 h, 430 2 A R ) Ok U 28 o
(50 mmol/L HEPES, 400 mmol/L NaCl, 25 mmol/L
B 10% H b, pH 8.0) Il Uk 4 b
(50 mmol/L HEPES, 400 mmol/L NaCl, 10% H i,
pH 8.0) WELAEE . R4l 1A R ) eI 22 v
(50 mmol/L HEPES, 150 mmol/L NaCl, 250 mmol/L
bR, pH 8.0) M1 A GSHAYPERLZE v (50 mmol/
L HEPES, 150 mmol/L NaCl, 300 mmol/L GSH, pH
8.0) BEMAr BB HMEN . K HMWEARS =
10 mL, 5 FH 5 5 46 2 A e A R BELZ A 43 TR I
T2 AT, S8 ln A TR N - SR DN A TR Mg B M PR YK
(SDS-PAGE) Jr#frisE HIE H L,

125 REHFE AR B, TR a5t
SRR 1997 R SAGEL . 3 B FILE CM5 i

1 mmol/L
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h bo ¥ SAGEL ., (I TALERBCE A A R pH 1)
TR, ST pH B, DA I A £ pH,
WA I AR SR o BF SAGE o, 2K 11 T B AR 2% b
¥ (50 mmol/L HEPES, 150 mmol/L NaCl, pH 8.0)
M B 1046 B2, T LS H & RAVE N Al . HEHL
BAE AR LB AR 8l 12700 Ar, SR T SR
KB 122k . s 1228008 R S rin gl
AH 5 1] 5 AR B 42 il B R) 5 120 s, 43 2 N [A] 52
180 s, ¥ ShAH 5% B R 30 uL/min. [A]HPREAS v
FER A ST R SLIAEIME B, SRR A5 AR AR X
SefE B A A S A Rk . xSRI Bl il
B T HARHT & 45 Biacore SK AN g8 #k4T, it
#1>% il Biacore insight evaluation 1 .
1.2.6  JTRABOCEG T ABOCEUN BB HELZE AT
(size-exclusion chromatography with multi-angle light
scattering, SEC-MALS) s&—Fi 3l & £ ¥ Ko+
M SCRAE AR, TR A 7 T
# INTS3.,-SAGE1 .., & B HE i 2 mg/mL, ffiH] B
FEEFF A EREBIHLAR P, LA SEC-MALS %% i il
(50 mmol/L HEPES, 400 mmol/L NaCl, pH 8.0) /F&
FEhA, FESTEZE T LL0.5 mL/min (KA ShAH
iB17. ] ASTRA X SEC-MALSEHEHEA 7407
127 HEH5WE W B 5 758 RoseTTAFold
Colab " JEIE T Colab 154k il 55 #5145 2 19 8 (1 i 45 1)
W5, BRI A (E R0 A & s 4
o 408X AE % 3k B J5 7 KOSF B o B B 0L Aol
MMseqs?2 [P 38 [A] P PE 48 2 5 Rose TTAFold #H45 &,
PR T X RS AN A A s B
i AU S U PR B M GPU & R, B
INTS3.pp, . 3T R KLY A AR SAGEL ., Ak
FPa, BIVRTARATRE 0 (4 2 1 5T = 4k 45 4 T A
ZDOCK server 22 & — NTEL W 4% %2 H R %
fr, HTHPATE A B-E 0 B 7 aE, B E
HEBBRZE AN, JRA TR 5 4
M XA B TR E R A S kg =, DAL
s AE A BRI iR . 4% B RoseTTAFold il
Y SAGE] ., 2 H B A5 14 SC1F 5 A 8 PR A 1Y
INTS3,.,, b 2549 30/ (PDB id: 6WLG), & & 4f
BN S %, ZDOCK £ 48 R Fl 43t = 4k =5 6] th
INTS3..,, F SAGE1 ., Z [0l fir A AT RE MY 45 & %4, il
A7 XA

~
7

S
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2 %R
2.1 SAGE1 ¥y iF 4k J 35 55 INTS3 Al |75 1 i

fEBhE PR %, FefiTe X3 INTS6 /& 5 SAGE]
BAEIT R — A E . N TR SAGEL Witk fk, kA
VERE T Z R R PEY RO A T INTS6 [ i fL 1% &=
o AT R, INTS6 22— Nl BN, B
AL TR R LA W 3 22 20 B ST AR W A B HEAL BT B . A
L B NS, A HE Y 0 BT A TS R R RE 5 )
INTS6 A 7E (EI1A) ., FAT15 5] —12%, SAGEL
o R KB INTS6 AL — A0 3. X —
i 15 2 PR R FRATTAE 3 B A [W] 9 R K53 1 1Y SAGEL
TR T MR CTD (1B, X —45F 5
FEINTS6 AT iR EE . 2R 751 Xt 2 IH AN 2511
SAGE! ., FIINTS6 .., 7E 751 2B PR sF - (&
1C), JEHX—EZHAAmIRT A2, #2175
FoxtE R T ARG RKESPH SAGE] oy AT AHY
AR SEH (ED) o 5t e, F8 A7 0 %% 5]
INTS3,.,, FER KRS Pt BT = B RS (K
1E) . A IHFIE 8 T INTS6.,, 5 INTS3 .y, Z 18]
HHEAEHRE S . FT XL, FAEN SAGEI A
FIRES INTS3 454, JEMAHM E F B 59 .

2.2 3R K ISAGEL 5 INTS3 17 {61 H.AE M H.

A1 Jy i JEE AL

KT EAE R K255 SAGEL 5 INTS3 Z A £ 78
WA EAER, FRATHET T S ive /b . woEss
FRoR, EREER) INTS3 5 H SAGE! /775 M1 B.AE
(B 2A) o &5 R FRE R BUE O (K 2B) FMEITA
(FE12C) e dbitieptidlh . N TR AR R K2
) INTS3 ., F SAGE oy 22 [ 194 AR FH 588 5 LA
MEEA s 225, A4 2] T INTS3 .,
FEAT (E2D) F13FRK IS H SAGEL ., &K [
i (F2E~G), JfRHT R4 B F AR E AT
3 2 FP AR IR AN BAE I 25 G o B . @t 8h )
Ay, AR T 3R K KDY SAGEL ., 5
INTS3 ., Z IS S ik (& 2H~T), RIEsH N
2EOyHT, SR BRRIVR B 1) 221 55 B IR IR 5 5
i) o7 7F — B [a) N 2248 T, AR RME G 18 T
. X FEW SAGEl 5 INTS3 ., 22 8] A A H.AE A &
BB ZE SIS ke, S T T g, FRATE
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BT R E A HALE XTI, IRk BT 54>
EAA B W BE RS FE AT 0T i 0 B AR5
15 5 7 48 ) # SAGE ]y, 5 INTS3 o 119 55 5 5 K
2.26 umol/L, P M A 8.44 pmol/L, & IK i K
1.95 umol/L. 3 ' R A 2 2l Wy 1) ~F- M e 15 15 BCHRAE
FEIRBUR BT o, R ENTZ 45 & 0 5 4R 5
HAAL

2.3 INTS3 45 SAGE1 (&% 75 el

J T RZEINTS3 5 SAGEL 454 Lo, A4
afi fb 4 1 INTS3., SR I FI 3 R R K K S W 1)
SAGEl., IR E , MMM REBEEGY. BES
PURE it ol 445 O A1 S HEBELZE B, 45 310 2 A Wl i
(I 3A~C %) . SDS-PAGE 43 M4 — A~ e i it £ 4
(F3A~CH) R E/xR, EHHAME BT
INTS3 ., 506 B 7 KRB 19 SAGE T I 4675, i3
BRI FE RSN AT B B8, E— RSt TR
SAGEI .y, 5 INTS3 ., Z RN A EAEH

i f SEC-MALS 73 #fr4lifk i) 2 &4 (KI3D~F),
S5 WR 3F R KIS Y RIS, IR
8 mL Ui S AR AR A 7 R WS . [R]E, SR AR A
R T RS S B REAE, PR UE T INTS3 -
SAGEl ., & AW W IE W . H k&, 6 i
INTS3.;,-SAGE1 ., 52 & W) 149 43 ¥ 57 5 I 5E 2 103.0
kDa (L4~ INTS3., FRit 5> F i iy 47.1 kDa, A
E M SAGE] o BB 43 F BT 5 4 10.5 kDa) 5 AR
FMEITAE Y INTS3,,-SAGE 1 ., 5 A 11 31 I 1 5 0
JE N 101.0 kDa (LS5 . & I SAGE]L ., B8
Gy F i 8.3 kDa) ,  JTAG il 45 B35 A8 T 45 32 11
REJEEIN . ZEE R LR, INTS3 5 SAGELLL2 1
B I 2 A1, FTINTS3 5 INTS6 f4E FH AR
AT

2.4 INTS3.,,-SAGE1.,, 5 5991k 854 5 br

R 28 FE B P2 b LA Y INTS3 - INTS 6, 45
¥ (PDBid: 7BV7), FRATHEN 3 # R KK A
51 INTS3;,-SAGE1 ., & & Wt B AT FHAL Y 2544 .
HTARBCEATI = e 455 R, A MEBIE B4
Tl T H RoseTTAFold2, ¥ SAGEI,.,, i 2 SR 7 5]
iy AHE i SRR Y, 4855 PDB S T Y
INTS3,.,, (PDBid: 6WLG) #H7/rF*H%, S5 ER,
ZE AT G /0 ST ) s 250 (K14),
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A B
X-Chr-Human (C X |
i
| 736 822 SACE
| [
SAGEI1-Rhesus N -] [—-C
CTD
} 1 43(1)_11 500
SAGEI1-Marmoset N J-C
CTD
i 205273
Lamprey SAGEI-Lemur N- -C
" CTD
Zebrafis ; 1 818 904
od SAGE1-Human NI [1-C
e CTD
e~
30P 1 803 887
INTS6-Human N-| [—-C
CTD
INTS6
1340SSBL 498 5737 9791 042
INTS3-Human N-I NTD 11 CID-C
C
Human-SAGE1 818 0 RF[Eo QGS| o slo SEC| A 904
Human-INTS6cry 804 - s SURA LB TR B B« 0 O o 1. v R LR R - Eh- B v 7
D
1{hesus'SAC}ElCTD 736 ENIENK @R paloh (Y (R AMIGASAR F[EONRSARISANIBAE E\ofel S MIKNAAR[GF V EIY T RS SFNAIAF IAK VIVIEeOMEIVIAKIEIDSHCHLRKVKHMRKK 822
Marmoset-SAGE Lerp 1 430 ESYNK RSB R 11 [ 1 PEARAR ClE|RIPS0IR b3 1 i8AD £ ATel S MENPAK[B\L T KIJAPRSINARI LIANF|A RS KMERAVIIKK . . . oo v voeenw e s 1500
Lemur-SAGEI ¢rp IR~ MARK I NDD I KFO LUK E VRESYGEIN Y EINT FiY L. LNV O GReiz v K olhigalr I 1 X E ARREIKISIZIYT. T Ofe]r. )it il 1. [ [, 273
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E

Rhesus-INTS3cp BJ88EP VSMEMDNHMSDKDESCYDNAEAAF SDDEED LNSKGKKREFRFHP IKETVVEEPVDITP YLDQLDESLRDKVLQLQKGSD TE A QREM]
Marmoset-INTS3¢rp )P VSMEMDNHMSDKDESCYDNAEAAF SDDEEDLNSKGKKREFRFHPIKETVVEEPVDITP YLDQLDESLRDKVLOLOKGSD TEAQRPZS
Lemur-INTS3¢1p {\J=p vSMEMDNHMSDKDESCYDNAEAAF SDDEEDLNSKGKKREFRFHPIKETVVEEPVDITP YLDQLDESLRDKVLQLQKGSD TEAQOJRLK]
Human-INTS3¢1p I3}z v SMEMDNHMS DKDESCYDNAEAAF SDDEEDLNSKGKKREFRFHPIKETVVEEPVDITPYLDQLDESLRDKVLOLOKGSD TEA ORIV
Rhesus-INTS3¢rp R CEVMQE IVDQVLEEDFDSEQLSVLASCLQELFKAHFRGEVLPEEITEESLEESVGKP LYLIFRNLCQMQEDNSSFSLLLDLLSE LYY
Marmoset-INTS3¢rp RPR)CEVMQOEIVDQVLEEDFDSEQLSVLASCLOQELFKAHFRGEVLPEEITEESLEESVGKPLYLIFRNLCOMQEDNSSFSLLLDLLSE LIYE)
Lemur-INTS3¢1p A CEVMOEIVDQVLEEDFDSEQLSVLASCLOQELFKAHFRGEVLPEEITEESLEESVGKPLYLIFRNLCOMQEDNSSF SLLLDLLSE LYY
Human-INTS3crp LR CEVMOEIVDQVLEEDFDSEQLSVLASCLQELFKAHFRGEVLPEEITEESLEESVGKPLYLIFRNLCOMQEDNSSFSLLLDLLSE LEY[Y

Rhesus-INTS3crp [3 8 OKQPKIGYHLLYYLRASKAAAGKMNLYESFAQATQLGD LHTCLMMDMKACQEDDVRLLCHLTPSIYTEFPDETLRS GELLNMI VgAY
Marmoset-INTS3¢rp [y OKOPKIGYHLLYYLRASKAAAGKMNLYESFAQATQLGDLHTCLMMDMKACQEDDVRLLCHLTPSIYTEFPDETLRS GELLNMI V']
Lemur-INTS3¢rp [YA) Y OKQPKIGYHLLYYLRASKAAAGKMNLYESFAQATQLGDLHTCLMMDMKACQEDDVRLLCHLTPSIYTEFPDETLRS GELLNMI V[t
Human-INTS3¢mp I3 )) Y OKOPKIGYHLLYYLRASKAAAGKMNLYESFAQATQLGDLETCLMMDMKACQEDDVRLLCHLTPSIYTEFPDETLRSGELLNMI VISl

Rhesus-INTS3crp PAYAA v IDSAQLOELVCHVMMGNLVMFRKDSVLNILIQS LDWETFEQY CAWQLF LAANIPLET I IPILOQHLKYKEHPEALSCLLL QLR RIS
Marmoset-INTS3crp PA1)AvIDSAQLOELVCHVMMGNLVMFRKDSVLNILIQSLDWETFEQYCAWQLFLAENIPLETIIPILQHLKYKEHPEALSCLLLQLRRIGH
Lemur-INTS3¢1p J[¥)2vIDSAQLOELVCHVMMGNLVMFRKDSVLNILIQSLDWETFEQYCAWQLFLAHNIPLETIIPILQHLKYKEHPEALSCLLLOLRRIKGSY
Human-INTS3¢1p W[)~AVIDSAQLQELVCHVMMGNLVMFRKDSVLNILIQSLDWETFEQYCAWQLFLAHNIPLETIIPILQHLKYKEHPEALSCLLLQLRRIRYHS

Rhesus-INTS3crp ISE X P SEEMVKMVL SRP CHPDDQF TTSILRHWCMKHDELLAEHIKS LLIKNNS LPRKRQSLRSSSSKLAQLTLEQILEHLDNLRLNLIESH]
Marmoset-INTS3crp [ )EK P SEEMVKMVLSRP CHPDDQF TTSI LRHWCMKHDELLAEHIKSLLIKNNSLPRKRQSLRSSSSKLAQLTLEQILEHLDNLRLNLERE]
Lemur-INTS3¢1mp REYJEKP SEEMVKMVLSRP CHPDDQF TTSILRHWCMKHDELLAEHIKSLLIKNNSLPRKRQSLRSSSSKLAQLTLEQILEHLDNLRLN LESRK]
Human-INTS3crp (I EKP SEEMVKMVLSRPCHPDDQFTTSILRHWCMKHDELLAEHIKSLLIKNNSLPRKRQSLRSSSSKLAQLTLEQILEHLDNLRLNLERYA

Rhesus-INTS3CTD 936 TNTKQNFFSQTPILQALQHVQASCDEAHKMKFSDLFSLAEEYEDSSTKPPKSRRKAALSSPRSRKNATQPPNAEEESGSSSASEE]| 1 020
Marmoset-INTS3c¢rp PRRY TN TKONFFSQTP ILOALQHVOASCDEAHKMKF SDLFSLAEEYEDSSTKPPKSRRKAALSSPRSRKNATQPPNAEEESGSS SASEERRULY
Lemur-INTS3¢1p PRZY TN TKONFFSQTPILQALQHVQASCDEAHKMKF SDLFSLAEEYEDSSTKPPKSRRKAALSSPRSRKNATQPPNAEEESGSS SASEEJNIE]
Human-INTS3¢1p R TNTKONFFSQTPILQALQHVQASCDEAHKMKF SDLFSLAEEYEDSSTKPPKSRRKAALSSPRSRKNATOPPNAEEESGSSSASEERNIE
Note: A. Evolution tree of INTS6. B. The SAGE1 full-length sequence and C-terminal sequence domain pattern map of four species of human, rhesus,
marmoset and mouse lemur, and the full-length domain pattern map of human INTS3 and INTS6. C. Sequence alignment between human SAGEI .., and
INTS6,.,,,- D. Sequence alignment between human SAGE1 ) and three different primates SAGEI .. E. Sequence alignment between human INTS3 ., and
three different primates INTS3 ..
El1 SAGE15INTS6 7tk bRt MliE
Fig 1 Evolutionary similarity between SAGE1 and INTS6

Horr e (S SAGE oy (19 41 -2 ZH AT TR, RN R SRS EEML (E4A),
BRIy 24 INTS3 o 8 AR A OB R 5 SAGE1 5 INTS6 F1 INTS3 4 #H H.1E Ff A i A — & &
Ko TR, FRATTHE S INTS3 - INTS6 . 5 BEAT Bl
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A B C D
Rhesus Co-IP Marmoset Co-IP Lemur Co-IP INTS3 purification
500p kDa
Strep-INTS3  + -+ Strep-INTS3  + -+ Strep-INTS3  + - + —UVv280
Flag-SAGEl + + - Flag-SAGEl + + - Flag-SAGEl + + - 2 400f — UV 254 70- -
50.
Co-IP: anti-Strep| Co-IP: anti-Strep‘ = Co-IP: anti-Strep | g g 300k 431(5) [—
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o - ¢ [ - LR Pl 25.
anti-Strep, ‘ - anti-Strep anti-Strep = 8 20-
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kDa kDa
500 — kDa
— UV 280 0. 300 —Uv 280 70- - 100 - — UV 280 70-
S 400f —UV254 W0 = —UV 254 i UV 254 5
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N W ~
W o W
. T .
—_ —_— N W
S 7 Y@
a
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V/mL V/mL V/mL
H 1 J
INTS3crptRhesus-SAGE 1 ¢rp INTS3crptMarmoset-SAGE 1 ¢rp INTS3crptLemur-SAGE 1 o1p
150 F Kp:2.26 umol/L ~ — 100 nmol/L 100  Kp:8.44 umol/L  — 400 nmol/L 100  Kp:1.95 pmol/L. — 400 nmol/L
— 200 nmol/L S 80k — 800 nmol/L g0 L — 800 nmol/L
a — 400 nmol/L &~ — 1 600 nmol/L a — 1600 nmol/L
B 100 — 800 nmol/L 2 60t —3200mmolL g g0 — 3200 nmol/L
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) Z 40 240
S 50 = s
& &£ 20 e 20
7] v &
0 0 0
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
t/s t/s t/s

Note: A. Immunoprecipitation of full-length INTS3 and full-length SAGE1 in Rhesus. B. Immunoprecipitation of full-length INTS3 and full-length SAGE1 in
Marmoset. C. Immunoprecipitation of full-length INTS3 and full-length SAGEL in Lemur. D. Purification of human INTS3_ . E. Purification of Rhesus
SAGEI ., Gel filtration chromatography results shown on the left; SDS-PAGE analysis of fractions across the major peak shown on the right. F. Purification
of Marmoset SAGE1 ;. G. Purification of Lemur SAGE1_, . H. Rhesus SAGE1 . binding to INTS3_, in a concentration-dependent manner with a slow
kinetics. 1. Marmoset SAGE1 .., binding to INTS3 ., in a concentration-dependent manner with a slow kinetics. J. Lemur SAGEI ., binding to INTS3 ., in a
concentration-dependent manner with a slow kinetics. Co-IP—Co-immunoprecipitation; SPR—surface plasmon resonance.

E2 SAGE1S5INTS3IHREHIMERR . EAALKBEEHNE
Fig2 Co-immunoprecipitation experiment, protein purification and dissociation constant determination of SAGE1 and INTS3
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Q840, R872, F873, K874), M HAMRLENNEAM M SAGE] ., T HYHI441 5 INTS3., 1) E804, fi T
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REBPEAMRTM., 3R INTS3 M1 R NE, B EKMEIER, [ SAGEL 5
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A B C
Rhesus INTS3¢1p-SAGE 1 crp complex Marmoset INTS3¢p-SAGE 1 ¢rp complex Lemur INTS3¢1p-SAGEl¢rp complex
kDal = kDa l ] -
L] “&
- 500 s
200r _ v 280 70- & —UV 280 ! |
— UV 254 500 400 - — UV 254
150 “w =
= 40- - = <
< 35- - < 300 g
£ 100 25- < 2
3 20- - £ 200 <
< 50 I5- <
10- :- 100
0 5 10 15 20 25 0 5 0 5 10 15 20 25
V/mL V/mL V/mL
D E F
INTS3crp+Rhesus-SAGE1 ¢rp INTS3crptMarmoset-SAGE 1 orp INTS3crptLemur-SAGE 1 ¢rp
4 _uv 1.0 4 v 1.0 4 _uv 1.0
— Protein MW | .8 — Protein MW | ¢ — Protein MW
= 062 < 062 & 0.6 2.
X2 g X2 s x 2 s
= 042 = 04 2 = 04 2
Ie] Q o
E X 103.0 kDa LB § . s s E | 101.0 kDa 0o &
0 L 0 0 - 0 0 L 0
6 8 10 6 8 10 12 6 8 10
V/mL V/mL V/mL

Note: A. Rhesus INTS3., -SAGEI_,, complex assemble in vitro. B. Marmoset INTS3_, -SAGE1_ complex assemble in vitro. C. Lemur INTS3_ -
SAGEI,, complex assemble in vitro. D. SEC-MALS analysis of purified Rhesus INTS3 ., ,-SAGEI ., complex. E. SEC-MALS analysis of purified Marmoset
INTS3.,,-SAGE1 ., complex. F. SEC-MALS analysis of purified Lemur INTS3_, ,-SAGEI ., complex. MW—molecular weight.

3 INTS3.,,-SAGE1_, £ &5¥5MAI S SEC-MALS 5 iff

Fig3 Invitro INTS3.,-SAGE1 ., assembly and SEC-MALS analysis

A B C
Human Human Human SAGE1 mutant
INTS3c1p-INTS6c1p INTS3crp-SAGE 1 crp Co-IP
Strep-INTS3 + o+ F
Flag-SAGE1 - 4+ -
Flag-SAGEl,, - - +

Co-IP: anti-Flag =2
IP: anti-Strep| s s s

anti-Flag -

anti-Strep | —"—_—G———

input

D E F
Rhesus Marmoset Lemur
INTS3crp-SAGE 1 c1p INTS3c1p-SAGElcrp

CT " e
\?\"’:
I
V767'
>D76‘) .
IF}TSH !

Note: A. The Human INTS3 . -INTS6_, structure published on PDB (id: 7BV7) and its interaction interface. H-bond is marked by black dash line. B. The
Human INTS3_,,-SAGEI.;;, model created by molecular docking and its interaction interface. C. Immunoprecipitation of full-length INTS3 and full-length
SAGE! mutant in Human. D. The Rhesus INTS3 . -SAGEI ., model created by molecular docking and its interaction interface. E. The Marmoset INTS3 . -
SAGEIl,, model created by molecular docking and its interaction interface. F. The Lemur INTS3_ -SAGEI ., model created by molecular docking and its
interaction interface.

B4 INTS3,,-SAGEl., BTN SHEERRESH. INTS3 5AERERSAGEL L& HITTIELR

Fig 4  Structure prediction and interaction interface analysis of INTS3_..,-SAGEI ., and co-immunoprecipitation experiment of INTS3

with human mutant SAGE1
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