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acccgagagggagecec-3'Hl gRNAR2: 5'-aaacggggctece-
tetcgggtegee-3's B £ b iR k1 51 W) i B
pLentiCasOV2 kL b, JFUZIEFRARIBUTORL . AR E%:
P17 Vigofect i B 5 5% 4L ik 2 HEK293F 4l fif
Hr, 96 FLAR M BT ol FH DNA S U PR 4 B
2 Jfi DNA, DNA & U il 73 /2 : 100 mmol/L
Tris-HCL, 500 mmol/L KCI. 0.01% HAJiZ . 0.45%
NP-40, 0.45% nkild o BEIH5 1Yk FHE e, 5l
W) ¥ %) J& Test F: 5'-agttggccgtgecgtageagegtee-3' Fll
Test R: 5'-gccctaagcaggeactacaggecg-3's PCR j= ¥
Be U115 /=i B S S 2o S g B 12 N S e £
DNA J751 i) 58 42 Bl 2 B v fee

FIH pCMV-cTrim28-mCherry %% 1< F1 % i -1
Qe ik &, AE Trim28 B X i By 40 M & b Ok 5%
Piggyback ¢ JE B IR BAR, 5 AR AT {2 ffl pCMV-
cTrim28-mCherry | 41 1. Trim28cDNA R Bt 3 4
eepg A M e N AL b, B T R AR,

CMV J2 312635 mCherry 946, i FH i 20 40 g 3
TRAS 31 HH X6 R B A
1.2 mRNAR¥FEILHRFEEEPCR

MR8 U B B HEE AT T 7, TRIzol" 4%
W (ThermoFisher, 15596-026) ZLf#ZHIH2H RNA,
NanoDrop 2000C 435611 (Thermo Scientific 23
A)) ME RNA YR, >R HiScript*Il RT SuperMix
for qPCRIAF & (R Rt MEREAEY A W], R122-01)
ARV, K2 1~2 pg RNAVE WM, U 5
SERUT B 104 . PCR MR R S . 10 pl 2xTaq
Pro Universal SYBR qPCR Master Mix (g Ui ME#E
WA, Q712-02), 0.4 ul 10 mmol/L 5[4, 5l
cDNA £, 4.2 ul dd H,O, 7£ 7500 Fast Real-Time
PCR System (ABIZ~H]) A& b4 B2 1 95°C
30s, PEHRB95°C 10s, 60°C 30 s, 40 /&), &
fi 122 95°C 15's, 60°C 60's, 95°C 15 s i BT,
HATHE T PCR IV . SIFHILER 1,

Table 1 Primers for real-time quantitative PCR

Genes Primer sequences (5'—3")

Gapdh F: TCAGGCGTCTGTAGAGGCTT R: ATGCACATCCTTCGATAAGAC
PCDHBI15 F: CCCTACACGAAGCACCAGAC R: GCGTCGCCTGGAGATTCATC
PCDHB5 F: AACGGTTTCAGCTGCCTCTA R: TTTGGGTCACCTGAACTTCC
PCDHB6

F: CAGTCCAACCGAGCAGTAA R: CCCTTGCTTTGCGATTGGTT
PCDHBT F: CGCTGGAGATTGGGCG R: CGGCACACGTAGCCTTC
PCDHBY F: GGCTCCTCTTTCTTCGGTGA R: GGCTGGAGAGATTGCTG
PCDHBII F: CGTTGACGCCTTCCTTCTTCT R: CACATAGTGTATTCTATAGCT
PCDHBI3 F: AGCACGGGACTTACCATG R: GCCTCAGGAAGAATGAAG
PCDHBI2 F: ATCAGCCTATCTGAAGGCC R: CAGTCTGGGTCACCTTAC
ZNF208 F: CTCTAGTATAGTCAACTAGT R: GGGTCTTATCTCCCAGCAT
;E:::j: F: CGAAGTACGCGGCCTTTGTGTC R: GTCAGGGAGAAGGGAGAG

F: CGCGCCCTTCCAAACTAATTAT R: CGTGTCCTATTACTAGTTG
ZNF6T9 F: GGCGCAGCCTGAGTCATTAG R: GCCTCCTGTTGAGGACAAG
ANFS29 F: GGGGTAAGTTTCTCCGTTTGC R: CCCTTAATATAACTTCGTAT
ZNF233 F: ACCAAGGCGGCTCGGAGG R: GCCTCCTGTTGAGGACAAG
INE723 F: CCTCGGTGTCAGCCATCTTC R: AGCGGCTTTGTAGCCAGTT
;ﬁ}i;‘ii F: TGGCTCTGAGAGAGATCCGT R: GGATGTCTTTGGGCATGATG

1.3 EENifk

R824 25 I A i P 40 L 2R R 2 1
FA ) TR 50 )5 7000 24 A0 A M, 400 2R 0
J&: 100 mmol/L Tris-HCI pH 6.8, 4% SDS, 20%
Hil, 200 mmol/L DTT, 0.2% Mk . FHEH
O BRI & (B KA HE], P0012S) i H
BAFEMUCSE, K RES I MR E, 20 mA HLYK
1.5~2 h, 250 mA % PVDF X, —Hist % d ,

TBST VR 3 YK, 4K 15 min, —HiW&E 1h, NG
s (Millipore A F]), FIHXJtH (Kodak /A F] )
2oy AL (10281, Kodak 2 F]) AbFHJS W5 .
1.4 HEBEfLEREELIE

] L P R €2 5 S T T A R A
Bowil k22 Sk (9] ol BOE 4N, miks
FEHEANNA 37% H AR B LR E N 1%, FiRE
A 2mol/L H & M 2 AW JE Hh

& 10 min,
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0.125 mol/L, ZEiRMHE 10 min, ZKIEAZHE, HIRHY
PBS ¥ W I YE A0 3 0, A IS A 2 v
1 (140 mmol/L NaCl, 50 mmol/L HEPES pH 7.9,
1 mmol/L EDTA, 0.5% NP-40, 0.25% Trition-
X100, 10% Hi), 7K EWFH 10 min, 2.0
oA IE 2% b 2 (10 mmol/L Tris-HC
pH 7.9, 200mmol/L NaCl, 1mmol/L EDTA,
0.5 mmol/L EGTA), 7K LME 10 min; @S vh
W 3 (10 mmol/L Tris-HCI pH 7.9, 100 mmol/L
NaCl, 1 mmol/L EDTA, 0.5 mmol/L EGTA, 0.1%
B RER BN, 0.5% AR SR 5kie ) HE .
Covaris M220 # m {CEA T 40 M 7 30 min, HGE &
Yot M AGE YUK, 4°CRERSS Gtk . BUh &
protein A I # protein G Dynabeads (Invitrogen,
10002D) , FH % f# 2 #h W (50 mmol/L HEPES
pH 7.9, 150 mmol/L NaCl, 2 mmol/L EDTA, 1%
Triton X-100, 0.5% EAANHEREN) B . 4°CHEKIF
H 1~2 ho KA EEHRZ WK (50 mmol/L HEPES
pH 7.9, 500 mmol/L NaCl, 2 mmol/L EDTA, 1%
Triton X-100, 0.5% Ji % JH 2 84 ) . LiCl ¢ vf il
(10 mmol/L Tris-HCI pH 7.9, 250 mmol/L LiCl,
2 mmol/L EDTA, N0.5% P-40, 0.5% i %8 JHfR%H) .
TE Z& #h# (10 mmol/L Tris-HCI pH 7.9, 2 mmol/L
EDTA) #{t Dynabeads, FFHUENI#K (0.1% +—
P BLRE R AN, 10 mmol/L NaHCO,) &, 60°CHE
EE 1 h, CHORAT, F KAPA Hyper Prep Kit
(KAPA biosystems, KK8504) # ChIP-seq /% .
1.5 DNAXEHE

H4E KAPA Hyper Prep Kit #4575 FH 5k 1
ST RARIEE R A7 EHE YT Bk
F Bealifb S v Be R /N L . PCRYHG | 24k DNA
J B . DNA PAGE kil SCPE i A0 8 . S
SEL, ATFNF, ChIP-seq SCHZE R FH AU ¥ 4545
Bl .
1.6 Surveyor 3:If

Surveyor 1 g N Y g X T DNA XUEE H i) ik
FETCIE AR R: R UIRE ), E S A AR
DNA XUk 2818 Surveyor R AP, 2834 Bl
WHEEIE UK B I PRIV RI G 2547, SRR
B gRNA FEFREF AL s R 5, 7 i X Bl fie e -
R JOL BRI 25 7F F B AR K5 (1) DNA XU
TR EAE NS, FH Surveyor #% 2 P VI Ak HHGE
KOG B F=Pr Al LI Cas9 85 F YT BISCRAE H 1Al

TE Trim28 F& I H 89 56 — /b B+ T iF

600 bp % i1 51 ¥ SUVRYOR-F: 5'-cagcagttggcgg-
cgagegegtet-3' Al SUVRYOR-R:  5'-tectetegeecagg-
tggeateeteat-3'c ffi B AL PCR 47 1§ J5 ¥ Ml
JumpStart™Taq Ready Mix (Sigma A ] ) 43 H 1£
WT. gRNAI+gRNA2 pool. gRNA3+gRNA4 pool
BL A ZH DNA FE b 973 H iy %08, iR KR
JF: -0.3°C/s, M 95°CiE ‘k & 25°C, i [ Surveyor
"Mutation  Detection  Kits DNA
TechnologiesZA 7] ) il A 0.5 ul Surveyor Enhancer S
F1 Surveyor Nuclease S, il T 42°C /K& f W7 &
30 min, A A BAE A BE B L UK I Al gRNA 5] &1
ROR
17 EMERESH

B A 7RI PR RREBR A RNA-seq FE A5 344
Yse s, WG B st S B 1
IGV 7R B R ZE L& oY o I Bodi 284 FastQC M
Ko i Jm, 283 Trimmol/Lomatic M b PR 25 fai 4
Sk RAR T & P41 . RNA-seq 04 18 1 Tophat 2! %k
4 T Xt 3 N hg38 [ 41, ChIP-seq &4 i i i
Bowtie2 " {4 b X} #] A hg38 L K 41 . Htseq-
count ! BRI RNA-seq £ th a4 il Hox
LRFSIEH , DESeq2 ¢ FIR AR 22 5 %3k
FE R A0 3 A 19 RPKM  (reads kilobases per million
reads) fH . 225 2 k5802 5 LA LI H padj
(p-adjusted) < 0.05 BRI HE SO B FINECT
PRy 2E 5 . ChIP-seq Z4ds LU X fE , HUE— LEXT
F 5, JF B2 T0R 0P 91347 5 220 50 17
IGV "7 B R B 9 rTRAL, MACS2 ™ Bft
PEAT AR (RO . SO Al (Heatmap) M4
i R A

S H P B AP A KBTS TRIM28 ik
(Active Motif, 61174) . H3K27ac i {k (Abcam,
ab4729) . H3K4mel 4T & (Abcam, ab8895) .
H3K4me3 il (Abcam, ab8580). H3K9me3 HiiA
(Abcam, ab8898) . PCDHBI14 T /& (Abgent,
A-AP12321a) TUBULIN 47 {& (ABclonal,
AC008) . ZNF93Jiik (Abgent, A-AP20006A).

2 & R

2.1 RN Trim28E FE &y bk 240 AR 2 A1 TRIM28[E]
NS

FI ] CRISPR/Cas9 45 A, & 14 ] Trim28 i
R e Sl N DR VA N A 5 7 7 N R v
gRNA1, gRNA2, gRNA3 Fil gRNA4. ¥ 4 Fh A [

(Integrated
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) gRNA 43 K i 2H, gRNAL il gRNA2 Jy —

gRNA3 Fl1gRNA4 J—4H, WiZH HEK293F 4l & 73
YL P2 gRNA Tk (K 1a), 43 5l £ Oy AR Y
HEK293F 4iiffi % . gRNA1+gRNA2 pool Fll gRNA3+
gRNA4 pool Zii il & () HE K 4 DNA,  Surveyor 55 55
Kl gRNA VI FIHOR . MLHE SR WEEE e i TR 45 21,
55 7 A= 7 HEK293F 40 il &R 48, & B gRNA1+
gRNA2 pool F1 gRNA3+gRNA4 pool £ Jifl % DNA 4%
IR ELA Sk s R ECIR AR (K 1b), EW]
Cas9-gRNA VI DNA F Bt 2L K 4 DNA fig 2L
AT . 96 fLAR 4 FR vk, FIJH SUVRYOR-F Fl
SUVRYOR-R 5| ¥t 17 % #¥L PCR, PCR =417
Sanger Jll J3, I 7> &5 5L FINEY A= RUXT LG, R4S PR

(a) TRIM28 KOLI cell

gRNAT gRNA2

®) WT HEK293F HEK293F
SRNAL+gRNA2 - gRNA3+gRNA4

pool © pool
- e b

(©)
TRIM 28 KOl CGTGTGAATGGCGGCCTCCGCGGCGGCAGCCT

Trim28 A = HE A S AR AL 2, Herh— MR
LB 193 bp, FRJJ TRIM28 KO1 4l %, Y5 —Fk
Bl 3 Bk e 412 bp, FKH TRIM28 KO2 41 fill &= (&
le) o A B Bl £ AR He#F A= 8 HEK 293 41 fifd
A TRIM28 KA, G5 FIEWITE Trim28 KL ik
KB ANAE R P Trim28 5E 4wk, B R B E
e (I 1d) o 8 3 4 & Trim28 cDNA J5i ki 75
Trim28 3 PR i B 40 M 3 v 1D Trim28 FEPH, g
Eq 6 4% SR 90E B 1] &b £ TRIM28 25 1 5 1 A= 150
HEK293F 4iififd 72 TRIM28 £ H & ik FHA—F (K]
le), IX b4 B Trim28 i PN Bl B4 40 i 2
TRIM28 [P g R 9 B DR 2

TRIM28 KO?2 cell

gRNA3 gRNA4
DNA Marker

HEK293E#

TRIM 28 KO2 GGCGGCGCCTTCGGGAGGCGAGCAGG

CCCGAGAGGGAGCCCCGCCTGCTGCCCTGTTTGCACTCGG —193 bp

(d)

TRIM28 KO1
TRIM28 KO2

~
=

a-Tubulin 45 ku

CCCCGAGAGGGAGCCCCGCCTGCTGCCCTGTTTG  —412 bp

(©

TRIM28 KOl
TRIM28
KO1+TRIM28

WT

a-TRIM28 85 ku

a-Tubulin 45 ku

Fig. 1 Generation of Trim28 gene knockout cell line and TRIM28 rescue cell line

(a) Schematic representation of the knockout targeting strategy, the targeting region located in exon 1. (b) Surveyor assay result shows Cas9 gRNA

efficiency. Arrows at the bottom of main band indicate the smear band reflecting the efticiency of Cas9 gRNA. (c) Trim28 genomic DNA was deleted
in Trim28 KO1 and Trim28 KO2 cell lines. (d) Knockout efficiency was detected by Western blot in HEK293 cell line. (¢) Rescue efficiency was

detected by Western blot.

2.2 TRIM28#IH NIERIZERMMEE R
J T AW IS TRIM28 (1 T RE, A Sl
mRNA-seq ] F7* 55 AR 73 #r B 4= 2 HEK293F 41 fifg &
H1 Trim28 FE D w40 M 3R rh e SRl i A8 4k . AR
S50 M, MBS AR B HEK293F 40 i R AH L, 78

Trim 28 FEIN F R A0 28 o KR o0 2R A A iK1 |

Tt (& 2a) . ¥f HEK293F Bf 4= AU 41 it 2 Fl Trim28
PR il o 40 i 2 v 3 R 1) RPKOME {1 JRORT 4504k 28
I R 3N, Hid AL WT FiT ALl KO /8 7E
Y A AU 20 it 2R R Trim 28 32 PR 3l ok 40 B 2R T A 3
i 3ik5 7K 3F, Down KO Fl Down WT £ 7~ 7E
Trim28 FE PR r 53 20 M 52 e SRk F T RIS e Y]
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e AT B A A b i 2638 K-, Up KO Ml Up WT
FNAE Trim28 F& PR B 20 i 3 rpof S Ko7 BT
TS 4 35 DR L A1) A B A R R Y Rk K . Up
KO F1Up WTH AT AL, KINTE Trim28 B w5

(®)

I 2 I s K T B S RE DR 7R T A AR TR
FIRFEMA (E2b), xsbgh Byt TRIM28 )
] PR IR IR KT TR A JE DR 5

o
P<22e-16
b

P<22e-16

P =0.006

AIlKO All WT Down KO Down WT Up KO Up WT

Fig. 2 Up regulated genes by Trim28 KO are low expressed genes in HEK293F cells

(a)The heatmap shows the up and down genes in 7rim28 KO cell line. (b) Box plot shows the up regulated genes in WT ( Up WT) are low expressed

genes compared to other groups.

23 TRIM28HMHIEIEERMESHELERN
R

J T 58 TRIM28 BT EE, K Trim28 %t
DRI R B3 2 2R TR 7 SRACE T BRI A 7028, AR
P GO 232545 R &3, TRIM28 = 541 il P 2 L [H
e, —RREPHEEN (ZNF) HER, 5—KE2
JFES AR B (PCDHB) HEP (K3a) . FHEE N
R —E A R 30 M A ER A —15
W0 442 B R sk 2 421 B2 R AN 2 A A TR
RO BE B 1 U AR TR R I T, BFE
(138 33 A1 DNA 8l RNA M AR E YIRS
SYuffortk . FEES . MEEBEZMAYET)
fig "o FERHEER ARG, A —2E N KRAB
(Kruppel-associated box) %% ¥4 38 2H K /) ¢ 18 &
20 BEAEHRGE &L B0, TRIM28 75 B 40 i g% 11
il & A KRAB 45 Fy 3 0 48 2 1 e s 2, iIXRIAR
SRR A R —3 (Kl3a).

JRESENEE o, BRIy 3N RTT, HRAE
mRNA-seq fl GO 7 Hr &5 & (Kl 3a, b) KM,
TRIM28 Re il A5 26 25 1 AL A Fe 5, mibR

Trim28 B Ji5 1 sk T 5 25 T i R B2 B
o SRR e a g b m Rl , &R
RS A TR AR,
ESH5ESETER, HihMadps 515 “A
e T | = - R [ C L S g S Y (N
LM KRBT BEZEH, Al S R T
JEREEEEE A, "TREMAARLE T SR . s
gy, HFERTET . BEAENFIT S P FE DNA H 3L
FNYL A 5T v G451 5 i 5 o B 1 R SRR 2 ) A G
Z 02 XL B TRIM28 F1 PCDHP % ik
SRR Z (R KA
24 ETrim28EHRBRARRZPEIEEBREN
EEFEARENEARKEARAS

ALK IRAE Trim28 He DA i 5 40 i 25 vp s o0
T HR VRN RS B8 11 B G SRk - i 25 o, 4%
BFEAE 1 ZNF93 155 2 2 -1 PCDHB 14 3% 9> Ak
EERAER, B EN N E A RRIA KRS kA
Al RBEENE (Kl 4a) BYL5FENT, FEFA: A
HEK293F 41 ifl & Ff ZNF93 Fl PCDHp 14 ) 25 11 Jfi ¢
RAKEAR L, FE Trim28 3 D Bl bk 40 B 28 3 7 b
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Notch signaling pathway

Negative regulation of Notch signaling pathway
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WT RNA seq repl 10-150] l
1 ik i L " 1 Fy
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WT RNA seq rep2 I
all L s ' Itz 1
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WT RNA seq rep3 l l
dal L " 1 1
[0-150]
KO RNA seq repl 1 mn
LR v s s - i) Lok midabiand e bt Da UbL.
[0-150]
KORaTA: seqrep2 a1 PRSI U URUR!| Loy 1 4 ‘, — l al ILllllll.. T ) Ty .L._.u.jl...n.ll...lll... 5 .l_.|..|h4..m
[0°150]
KO RNA seq rep3 s snacaey oM. g Wb | . L Vi .Ll. e R ,,..IJJ,.n._--lh.-...u,.| e I...J lllil...
Gene  HilmiHbbimiddmrsrwonpoosmieti—  +— 10 0 | )1 b8 bR 10 | 1 HH- s -HHH—
PCDHA1 PCDHA13 PCDHB4 PCDHB7 PCDHBI14 PCDHGA1 PCDHGC3
PCDHo. PCDHP PCDHy

Fig. 3 TRIM28 mainly suppresses the transcription of ZNF family genes and PCDHf3 family genes
(a) GO analysis shows up-regulated genes. (b) RNA-seq signal shows the increased of PCDH family genes in 7rim28 KO cell line.

EARPFRBAKFERE FF. T mRNA-seq #8517 17 H3K4mel &4 . H3K4me3 f&4fi . H3K9me3 (&
) RPKM { (&l 4b) 75— ERE FRews Lmt i, H3K27acf&1fi . RNA Pol II fil TRIM28 (1) 44 (%,
mRNA K-, BRIy TRIM28 I e S U b hiiie S . ARIRScn s R (B15b) A,
FERRE IR 6 . 2 Trim28 LN RS, X TRIM2S £ %5 78 A H3K9me3 &4 . H3K4me3
PISIER G oK B3 LT, BARERAKEM B H3K27ac (&4 B9 1 L . H3K9me3 & 1fi &

A UM FE S 2 TR R NN OR 7 S| B S T N = e = <
25 Trim28ERFBESHERABLHAELMBIHASE  H3K4me3 1Mﬁﬁn H3K27ac &1 2 )7 8 5 3 i+
B E (g , X ULH] TRIM28 AU S 5 4L o i

ZUFHI TRIM2S I & R A 5% 5%, 7F Trim28 (WS, il e e P oo s S R e skt o AR
SER SR AN R P SRk AR R T S i Se B i e B A R 40 A R N Trim 28 55 DR eI 4
SRR N REIEEIA j@TE‘Z‘“MMﬁ%TRIMzsLﬁ MR e 4k (Kl Sa), K TRIM28 R 257
BB RO RN Z R, A RERNE R, BBR Trim2s FE 2N 4
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(@ = g (b) WT
M M Sk @8 : TRIM28 KO
o0 o0
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oz oz 4
B B B s ol
M
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T
. 0
a-Tubulin ZNF93 PCDHB14

Fig.4 The protein levels of ZNF and PCDHB increased in Trim28 knockout cell lines
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and Trim28 KO cell line.
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Heterochromatin Related—protein TRIM28 Regulates The Transcription of
Zinc Finger Protein Family Genes and Protocadherin Protein Family Genes

ZHANG Xiang-Yu’, BU Jia-Chen

(National Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Objective TRIM28 (TRIpartate motif-containing protein 28), also called KAP1 (KRAB-associated
proteinl) or TIF1P (transcription intermediary factor 1), is a heterochromatin related protein, composed of
RBCC domain in N terminal and PHD, BROMO, NHD domain in C terminal, which participates in the
establishment of H3K9me3 modification and SUMOylation pathway. The present study is to further explore the
function of TRIM28. Methods We used CRISPR/cas9 technology, chromatin immunoprecipitation assay,
Western blot, quantitative real-time assay in HEK293F cell line to further study the function of TRIM28. We
knocked out 7rim28 gene in HEK293F cell line by CRISPR/cas9 technology. Results By analyzing
experimental data, we found that TRIM28 mainly suppresses the transcription of genes with low endogenous
expression level. Further analysis by GO bioinformation assay, we found that TRIM28 regulates zinc finger
protein family genes and protocadherin protein family genes. According to the results of ChIP-seq, we found that
in Trim28 knockout cell lines, the global distribution pattern of H3K9me3 decreased dramatically and H3K4me3
dropped moderately in TRIM28 target sites, indicating TRIM28 not only regulates the establishment of
heterochromatin but also affects cis-acting elements. Meanwhile, H3K27ac modification, H3K4mel modification
and H3K4me3 modification in zinc finger protein family genes increased significantly, H3K9me3 decreased
dramatically. H3K4me3 modification in protocadherin protein family genes increased significantly, H3K9me3
decreased dramatically. Previous study showed that protocadherin protein family genes mainly engaged in the
identification and recognition of axon and dendrites in neuron cell. Conclusion In our study, it’s the first time
to show the relationship between TRIM28 and protocadherin protein family genes. These results suggest that
TRIM2S regulates zinc finger and protocadherin B genes by changing the chromatin accessibility and provide a

new idea for further study of the relationship between TRIM28 and chromatin higher order structure.

Key words TRIM28, heterochromatin, H3K9me3, protocadherin protein § family, zinc finger protein family
DOI: 10.16476/j.pibb.2021.0263

* Corresponding author.
Tel:86-15811513628, E-mail: zhangxy332@163.com
Received: September 5, 2021  Accepted: November 5, 2021



