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BLOC1Sl it R AR, BHEBRAKmEFLKR. R 5 RAEZTRARIMET LFHR T @ik
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Abstract: With the rapid development of gene editing technology, the study of spermatogonial
stem cells (SSCs) holds great significance in understanding spermatogenesis and its regulatory
mechanism, developing transgenic animals, gene therapy, infertility treatment and protecting
rare species. Biogenesis of lysosome-related organelles complex 1 subunit 1 (BLOC1Sl) is
believed to have anti-brucella potential. Exploring the impack of BLOC1Sl on goat SSCs not
only helps investigate the ability of BLOC1S1 to promote SSCs proliferation, but also provides
a cytological basis for disease-resistant breeding research. In this study, a BLOCI1Sl
overexpression vector was constructed by homologous recombination. The BLOC1SL
overexpression cell line of goat spermatogonial stem cells was successfully constructed by
lentivirus packaging, transfection and puromycin screening. The overexpression efficiency of
BLOC1S1 was found to be 18 times higher using real time quantitative PCR (RT-qPCR).
Furthermore, the results from cell growth curve analysis, flow cytometry for cell cycle detection,
and 5-ethynyl-2'-deoxyuridine (EdU) staining showed that BLOC1S1 significantly increased the
proliferation activity of goat SSCs. The results of RT-qPCR, immunofluorescence staining and
Western blotting analyses revealed up-regulation of proliferation-related genes (PCNA, CDK2,
CCND1), and EIF2S3Y, a key gene regulating the proliferation of spermatogonial stem cells.
These findings strongly suggest that the proliferative ability of goat SSCs can be enhanced
through the EIF2S3Y/ERK pathway. In summary, this study successfully created a goat
spermatogonial stem cell BLOC1Sl overexpression cell line, which exhibited improved
proliferation ability. This research laid the groundwork for exploring the regulatory role of
BLOC1S1 in goat spermatogonia and provided a cell platform for further study into the
biological function of BLOCILS1. These findings also establish a foundation for breeding
BLOC1S1 overexpressing goats.

Keywords: goat; biogenesis of lysosome-related organelles complex 1 subunit 1 (BLOC1S1);
spermatogonial stem cells; proliferation
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15 541 ifd (spermatogonial stem cells, SSCs)
J—2al i A 3 R AR AR e T HREg
GIAEARTE Ik i — 28 UG R A At A SSCs
VE Sy b1 40 M T R - i a8 4% 75 P DL R B ] e
RS HTBFR s . SSCs I H R H 3 5701k
ZENZ R0 H B KN IMREE R R 1 5, A
i H S RN R . 5T . miRNA
BOR AN TS YA, XS W) T A 5
SSCs 4 . 434k, JT-HI A WESF 7T, 4ERF
SSCs AWHIFE . srAk, Stk A IR T
A BORG F- PR AL OB

VAR AR M 8 A= 5 A B 1A 1 AL 1
(biogenesis of lysosome-related organelles complex 1
subunit 1, BLOC1S1)##K-5 BLOS1/GCN5SL1, J&

PR BEHARE DG S E W G S 51K 1 (BLOC-1)
N HAKE A9 (BLOC-1-related complex, BORC)
(R FEAL N 2RI RE, ALk A
FEA LB AR R TEAY | A% - A
sk A, 7EmFL it BLOCIS]
WA R S UT i 15 14 (regulated IRE1-dependent
decay, RIDD))ETHLA S, A o[ 4
Mk =2 ) RIDD S EULFRIA R, A4S
PG Y s L MU, b, i 2ERE T
it Fik BLOCIST AT LUH#E ST HAE L)

&: 010-64807509

RESR (LA ML A= Wy~ B, I gt — 2B T LS
YA FC R AL S I A A R A - 65
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L1 RIER

BRI T 2023 AETEPH U ARAMBL R A B
AT M TRE ARG 05 5 T )
ARSI ARAE A 293T 4 LA Kk A= TR Y
L2 T 40 i (mGS Cs-1-SB) L,
1.2 R 5

PrimeSTAR"™ Max DNA Polymerase (TaKaRa);
DNA Marker (TaKaRa); ‘38 BR il 14 P4 U1 58 55
%> (TaKaRa); HiScript III RT SuperMix for gPCR
(+gDNA wiper) (¥ 5Uia4E8E A= VIR R A7 R
/~N¥H]); ChamQ SYBR gPCR Master Mix (R4 L7
e A IR R A FR A H) s R4 MLTE (Gibeo) s
AE TS 2 LR (Gibeo); RNAiso Plus (TaKaRa);
B-%ii e £ (Gibeo); JRZE 1 (Gibco); Dulbecco
R A Eagle i%??%(Dulbecco’s modified Eagle’s
medium, DMEM) (Coring); Dulbecco 2 & Eagle
K53 /Ham’s F-12 (Dulbecco’s modified Eagle
medium/Ham’s F-12, DMEM/F12) (Coring); H:
Ak~
1.3 R EE
1.3.1 W% BLOCIS1 T RiAH A #5E

fifti— 3¢ mGSCs-1-SB 4liffl, 7EHEFRILA
Bz 3 AU, FERIRIW, MR A
1 mL /) RNAiso Plus, A4b#E 10 min J5, #BE
1.5 mL JC RNA [iff(RNase-free) &.0 &, &g
TRIzol FEARIUE RNA . Ffc 8 5h oo AL
Rl RNA (0 BE A fE, BRI 00 RNA AT
S S -80 °CRAE

RNA (1% 2 %% s 451 FH 1 52 D Rl 5t v 488 AE
PR AAT BRZA w38 3R] &, Bl 20
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BN . AR 13,1 MR RNA WS, 1T
BAREL, WRHC 2 png RNA, BlJSHEHE LT IR R E
R, SR Z A (16 uL): RNA2 ug,
4xg DNA wiper Mix 4 pL, RNase-free ddH,O /il
% 16 uL, 42 °CiiE 2 min, BUHJEHCELEK L,
MR MNAKZR A A 4 pL 5xHiScript 1T qRT
SuperMix, MHFTIR%A], 50 °C/Z 15 min, 85 °C
JNE 5 s A Bl s IGER TG, AR 2N
cDNA Fih, fRIGHT 20 °CH&H .

H9E NCBI (3 (https://www.ncbi.nlm.nih.gov)
Ol SEAR G N mRNA F 7 41, i
SnapGene IR IHEE RS 1 P1(FR 1) FIH
Primer-BLAST (https://www.ncbi.nlm.nih.gov/tools/
primer-blast/)i& 12t ft PCR 513k 1), H
TR gt E s . 51 i AT E R EY R
BB A BRS w04 22 53 w5

# 100 pL PrimeSTAR® Max DNA Polymerase .
4 uL LUFsERES 1Y) . 4 uL FUFSES 9. 4 pL
cDNA Fil 88 uL ddH,0 %), %ML ARt

*1 FRXERASIY

7 PCR )i : 98 °CZEE 15, 65°CiRK 1555,
72 °CHEA 10's, 30 NMEHR; 72 °CLEAH 5 min,
16 °CIR . ZBERCHLIKERIN, F/NHR 418 bp,
FI KR A DNA 4k a6 5] £5(DP214)
AT VI [T

PTRIP-CAG-Puro (CAG)f#i i BamH 1.
EcoR I #4713 ], 30 °CiEY) 10 min, 37 °CHif
Y1 15 min, S2HEY” (12 630 bp)ffi HiE
FH7 DNA 4lifb [Nt S A 7 iR 2 il

FIH Novo [R5 H 4 BT IoaE ve ke, [R)i
EA LML AT B RE P8, KR B
BB 7 ng, LMHALEIR 100 ng, SxJh 2%
¥ 4 uL, NovoRec® Plus 4§ 1 uL, ddH,0 &
2% 20 L. 50 °CZ ) 10 min, f5E%EHEY) .

I v 28 32 S N i i AR BT R
KR AT — 2.
1.3.2 ‘ApEIEFAER

B RAELE R R E I 2 i, Sz BDAE 37 °C
WK RgR, SR 1 mL 5535017 rh A,

Table 1 The primers used in this experiment

Primer name Primer sequence (5'—3") Size (bp)
BLOC1S1-F AGCTGCAGATATCGAATTCGATGCTGTCCCGCTTGCTGAA 40
BLOC1S1-R TTCACCGGCATCTGGATCCGCTAGGAGGGGGCCGACTGCA 40
Q-CCND1-F CACCTGTATGTTCGTGGCCT 20
Q-CCND1-R TGAACTTCACGTCTGTGGCA 20
Q-CDK2-F TTTGCTGAGATGGTGACCCG 20
Q-CDK2-R TAACTCCTGGCCAAACCACC 20
Q-PCNA-F AGTGGAGAACTTGGAAATGGAA 22
Q-PCNA-R GAGACAGTGGAGTGGCTTTTGT 22
Q-BLOC1SI1-F AGGAAGCTTGACCATGAGGTG 21
Q-BLOC1S1-R TCCTTGAGTGCCTGGTTGAAG 21
Q-p-ACTIN-F TGATATTGCTGCGCTCGT 18
Q-f-ACTIN-R CTTGAGGGTCAGGATGCC 19

F: IEm5IY; R: m51%);5 Q: RT-qPCR 514, FRILJF I RRBEUINL mi, IHLF 5 R [/ IV 571
F: Forward primer; R: Reverse primer; Q: Primer sequence for RT-qPCR. The underlined sequence indicates an enzyme
cleavage site, and the bold sequence indicates a homologous arm sequence.

http://journals.im.ac.cn/cjben
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W AR LR B T 15 mL R B0
F1. 1 000 r/min &.0> 5 min, 3 F#F, BAIIA 2 mL
B SRR A R AR AT 5), AP E] 60 mm
MLA, FEAMIN 2 mL SR RS SR, 8 RESFRIL,
BRI A 35, RS T CO, &l
5%. WRJEHN 37 CCHIUNEEFRAR PGSR . Al
B — BTl e, AR A T A A i %
PEATARAREE SR, WL ai i s, AT
1) PBS VG UE— K, THUERMRRERE SR L, FER 25
PBS, W/SEAIML . FEIA 2 mL B9 0.25%/E &
(I, 37 °CIH4k 3 min, NS/ EHS, BEke
ARG, AR S Mg SR R A, RER
R IR B, AR B T 15 mL A R B
LR, 1000 r/min FL0 5 min, 77 FW, &
TIAH L 1 A 5 4% IR M RS T R, AR R R
1:4 1 He BB PP 2] — A3 60 mm LA, 4k ZEks
FRANML . RS I3 5 B e 3 AR A T —

AN [) P 200 i ol P ) I 1 35 R M A T 5 5%
mGSCs-1-SB i i§ DMEM/F12 5 41553k,
HEK293T (293T)fi f DMEM 5¢ 435 5% 5 .
1.3.3 Rk RNEE

P9 5 B WL 25 S5 SCIR (91 vk, BRI
ffVR— % 293T 4ife, 7F 60 mm MLHEEFE, 1F
MRS TR E ST, W B IR 4 293 T 21 i %5
JEVRRE S 80% 2547, ARG A TH8 0 s A 26105
T ETE 293T 4 H A 4 mL JE 3% DMEM,
MLIE YU 30 min, [FBPEE 8 ng Jik R Getic i« H
B JFRE PAX2: VSV G=4:3:2" [ Ll il A £ 250 uL
Opti-MEM 3532 H, # 20 pL R 296 W%
(polyethylenimine, PEI) /Il A £l 55 —ff3 250 pL
Opti-MEM KiF2 i, & 5 min 5, F% Bk
1] Opti-MEM 535N A 54 PEL 1 Opti-MEM
BRI, R AT 2 I, &R E 20 min, 293T

&: 010-64807509

B M YUK 30 min 2595, % 3.5 mL /)
DMEM 5¢ 485 57 5, FRIG IR &) I & )5 1) Opti-
MEM B =N, BRI, TR G
12 h J&, B35 3R 30 4 mL f a0 36, 4k
SRRESE 2 do KRR Bt BE R, 48 h
Je BN R R AR, IR .

I 293T 4 k5 3% BiEW, 2 000 r/min
B0 Smin, TR 2 K, BRI E . BT
HFOA 1:500 1SR EENE (polybrene, PB)i, W4T
RAE, 045 pm KiEdsdug, BIHEL4 °C
TRAE -

1 mGSCs-1-SB 4l Jifd 5% B PR 4 21 30% 447,
Fie IR “FE W - DMEM/F12 5843537 3h=1: 171 i
FEn A ZEI A, 18 R 12 h 5 G5
W, FIHK 48 hJEMA 10 pg/mL BIIER R
(puromycin, puro)iFf 71k , 3 Fi— I mGSCs-1-SB
MRS XTI, 20 24, 48 72 h W4
MIBET GO . WSS B0 24 h #ai, RHED
FAARIRIMR BE ARG 370, ELEETE 3 d, FRas Ikt
MR 4O 0, KA R AL ANk o

FEHR 1.3.1 Bk T S RNA 1R BUT R 3%
KN cDNA,

I 1 ot 4 A0 AR W R B A PR vl 4
ALY B R & A T O0 PCR OIS, #iLs
PLF AR Z#E4T PCR JZ ) : 2xChamQ SYBR
qPCR Master Mix 10 uL, cDNA #i#z 1 uL, 1F
o, R m s YR A Y00 umol/L) 1 pL,
RNase-free ddH,O 8 pL.

it 1 =20k e i AR P 64T PCR R, )
TP TE WAL B0 5 i 30 45 2 1) Bio-Rad CFX
Manager 3.1 $F AT 88 4 b A4 4 o
1.3.4 ZHBEIEZEE

W AR T 24 FUA, 40AE%CH 2x10*4/mL,
ZARBUR 1 mL, 5 24 h {4k 3 LI AR
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TEA ML T X ECE R RS, 3= KA ™
FI8D 240 0 40 15 200 i O o A T 35 2 (C1052) K
WA, o 300 H MG, FALKI,

WA MRl 2 48 fLAR , FEANMIAL T X85 Ak
K, B P11 Cell-Light EAU Apollo567
In Vitro Kit (C10310-1)iE47 5-2 b FE-2"- i SR
1 (5-ethynyl-2'-deoxyuridine, EAU)Je {4, , YLt f5
e N AT G A (SR BT
1.3.5 SEETRHEEE PCR (real time-quantitative
PCR, RT-qPCR)

TEAMLAL T X5 BRI, O RNA #
fh, JREESCR L 1.3.3, $EHURNA, Ut
Jo AT E wE A
1.3.6 “HAES%ERL

PR RN 2 48 fLAR, FEARMUAL TX 8B
HWImE, FIFH 4% 225 I M (paraformaldehyde
fix solution, PFA)H iR [E E ML 15 min, J5H]
PBS 7ERRIR L3 3 K, BEK 5 ming ZJ5 1 10%H)

5 2F ML (fetal bovine serum, FBS) 4 °CH/4] 1 h,
1 10%H9 FBS FBepiik, s 1:100, FFx
FBS Ji7, FAMBRAIPIA 4 CFE R, 14h )55
Pk, PBS ¥t 3 I, HIK 5 min, ZJEH] 10%
) FBS B 31 (1:300), 37 °CI¥H 1 h, FH
$i, PBS ¥k 3 K, K 5 min, HJGAIA 100 uL
o 4.6- bk KR -2- 2K KL 5| I (47,6-diamidino-
2-phenylindole, DAPD) BTG K . YL i 4h
WE, TEEIEIOCRMEE T, sy .
HA5E MR AZ BT (proliferating cell nuclear antigen,
PCNA) (abcam, ab29). 4 fifg J& ] 2 AR Pk i
fiff 2 (cyclin dependent kinase 2, CDK2) (J1 284k
Y1, WL02028). G1/S-F¢55E A& 1-D1 (cyclin
D1, CCND1) (JiZEA:%), WL01435a),

1.3.7 Western blotting

WA KRS BRI a0, A K&
KE 70%)5, FEEFRW, JFAH PBS IEUE4NM
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2 %, WCAELRME, 1000 t/min 2.0 5 min, 3 i,
FEAIA 1 mL PBS, HENEIRAERSAF] 1.5 mL
BEH, 4°C, 2000 r/min 2.0 5 min, JIAJK
5 G0 L TE 1 2% Wil (radio immunoprecipitation
assay buffer, RIPA). B & B il 77) A1 2K B S ik
Mt % (phenyl methane sulfonyl fluoride, PMSF)Fi
il B S, CEAE VK A2 53 24#% 30 min. M
(] 5E P 5 min ATIRS)—IK . 2fR5EEET 4 °C.
12 000 r/min &.[> 5 min, B EFiER. IR 1:5
AIARFREL A 5xSDS 2 11 S ik, 100 °C
SJEW 10 min, H/Af9R1E 5 HRA TUE M &
FFE S, SR AE T80 C& M. FlH
SDS-PAGE it #1871 £.(10%) CYE4:4,
20325ES62) AL il 8 1 LUk EERL , #E4THL UK IR .
RS, SR PRI . AR
W RBUAZIE 1:1 000 LR, 41 PCNA
(abcam, ab29), CDK2 (JiZ&/:4), WL02028),
EIF2G/EIF2S3 (abcam, ab225953) . B-ACTIN
(ABclonal, A17910)3% 1:10 000 FL{ilHFs ., ¢ 5 45
W5, F TBST (Tris buffered saline with Tween-20)
THUE 3 K, FRIK 10 min, MRPE—HIAYZERIET —
Pr: R PU(1:10 000)FI9 —Hi(1:10 000), —HifE
37 °CHRAIE 1 h, F TBST 35uk 3 ¥k, HHK
10 min, IR EABEE TERRE RS T, %
IR A A M B, FABIFSHEEE.
1.4 ZitFaH

RT-qPCR L) B-ACTIN HHNZ, KA AAC
38, A GraphPad Prism 9.0.0 Zit#k{f:
(GraphPad)#F 47 B8 3 5 2240 # , LA & A2 15 L
AR U2 57(P<0.05 8¢ P<0.01). B&RE
HAUH, BNEgHRBEEL E 3K,

2 HERE4M

2.1 BLOCI1S1 415 B ¥ 43
M NCBI T B, LR EEZYFh



FIR %/BLOCIS (2R AT AN

BLOCIS1 A MM EY], T80T, & (threonine, Thr)ZE &A% 2 (alanine, Ala); A
MILES A FRREE R, 5%, RAYFE BLOCISI EMHHILE BLOCISI HEHEZ T 284
TEPERARE 1A), [RIBSXT 2R3 T S, HREER)IT M F (K 1B). H)
b, iR B, S/0REASERFIIML, I ] PSIPRED #H47T —REH TN, 45 R SR H A
BLOCIS1 Z R FANHE 29 MR 2R A1 o BIESSH R — 45 M2 5E (coiled-coil,

| Mus musculus (house mouse)
Canis lupus familiaris (dog)

Gallus gallus (chicken)

B
Capra_hircus_(goat).se
Homo_sapiens_(human).seq
Mus_musculus_(hou:
Bos_taurus_(cattl
Canis_lupus_familiaris_(doy
Gallus_gallus_(ch:
Ovis_aries_(sheep).se
Rattus_norvegicus_(Norway _rat).
Sus_scrofa_(pi; 0
Consensus mlsr 11 echqa q er elqge rr
C 20 30 40 50

IMLSRLLKEHQAKQNERKELQEKRRREAITAATCLTEALVDHLNYVGVAQAYS)
5IMNQRKLDHEVKTLQVQAAQFAKQTGQWI GMVENENQALEKEI GDVENWARS 00

NEIEMEERR TR BN ERGc oL os A p s 125
10 20 30 40 50

[ Helix Coil
D

1 BLOCIS1 £¥EEFHHE A: BLOCIS1 ZWFitLi. B: Z¥Fh BLOCISI & F1F 5% H.
C: BLOCISI & [ &5/ 1. D: BLOCISI & [ =245 il
Figure 1 Bioinformatics characteristics of BLOC1S1. A: Multi-species phylogenetic tree of BLOC1S1. B:

Multi-species protein sequence comparison of BLOC1S1. C: The prediction of protein secondary structure of
BLOCI1S1. D: The prediction of protein tertiary structure of BLOC1S1.

&: 010-64807509 B<: cjb@im.ac.cn



4908 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

CO)4ityk(E 1C). FIF ROBETTA X H — %%
SEFUEATEON () 1D), RMEEERIR R R
H, T 5 HAR AP 8 BLOC-1 5 BORC &
EYIRIEINRE
2.2 I3RIZ BLOCI1S1 ¥ mGSCs-I-SB 1875
B H1E

i 2k NCBI 4 P2 7t iy 1L 5 BLOC1S1 %
51,351 CAGG-0eBLOC1S1 1 ik (F 2A),
WSS E R ME T EEZ k. P

SEATAIN 20 bp K/NBIRIIERE, HS&RH AN

418 bp (& 2B). ZAMMFIEW S, FIF PAX2.
VSVG 5 H M # ARSI T = ok R RIS a3,
T LU 95 75 - DM/F12:PB=500:500:1 [ {4 2 47
WAL, 1A REE A 1.25%10°7 TU/mL, 4
éﬂﬁlﬂ@ﬂwkéiz%ﬁ’amaé*fﬁﬂlﬁéﬂﬁlﬂ’@%(mGscS-l-SB)

o RS R 2L UL 5 A9 26 BRZH (CAG) Flid ik
éﬂ(wBLOClSl)éﬂiﬂ’@H%(lz] 2C), RT-qPCR 4555
7, BLOC1S1 1) mRNA /K F-42 1 T 18 f5(8 2D).

R T A LA Sy R S RS K B IR IR
AR, B R SR AR S PR AL 0 A
P2 —o ¥4 5x10° AN EeFh 2 24 FLtk, BER
A [] B [] BEATL 16 B 3 FLEA 7 40 B 45, 3t 8 d.
MR E s R A A K i 2 (8 2E), 4558
FH, S5XRAAM I, BLOCIST it # k41 (14
BRI 2, JF B RK AR, 3]
1 &1k BLOC1S1 BB 5% mGSCs-1-SB 351 B
J1o [RIFE, 20 M R 915 At B o Tl &
CAZ R)XT AL T T g, P i A AR
G 240 R0 VA A AR 45 SR A A 2R W (1] 2F),
1 #35 BLOCIS1 411 GO/G1 A4 it He 491 sk L
FJEML S JAAHIIG 22, 0 B AL T3 24001 0% 240 i 2

s, FIFEFREA Tl 38 BLOCIS] fEHY 5
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mGSCs-1-SB [WH4FH fiE J7 . EAU e ta45 3L [F] A 3
B mGSCs-1-SB-0eBLOCI1S1 4% g /7 14 5
(1 2G), LSS R BoR EAU BHEA0 5 e
K% 10% (&l 2H).
2.3 j3RiX BLOCI1S1 X185EH X EFFTiX
B H1E

W 5x10* A EFhF 6 FLA, 7E4NMIAE
K2 60% A0, FEFRI, A TRIzol, $2HK
B RNA 3 4E 8 S i sl o0 & i AT S i
S, Y AR S T qQRT-PCR 5255, LA
B-ACTIN N2, kil PCNA, CCND1, CDK2
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Fik BLOCIS1 [FFES S8 EIF2S3Y Rk =TT
B, Uillrt ik BLOCIS1 Al RE4sid it EIF2S3Y/
ERK i@ P& fe F A M3 78 . 28 BTk, i Rk
BLOC1S1 BE4 i L1 =45 J5t 1 4 i 1 1 7 A
I HX Fh{e 145 58 71 nl B2 il i EIF2S3Y/ERK
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Figure 2 Overexpression of BLOC1S1 promoted the proliferation of mGSCs-1-SB. A: Map of the carrier. B:
The cloning of BLOC1S1 gene. C: Stable cell lines witch overexpressing BLOC1S1 (the scale bar is 300 um).
D: Real-time fluorescence quantitative PCR was used to detect the expression of BLOC1Sl in the control
group and BLOC1S1 overexpression group. ***: P<(0.001. E: Cellular culture curve. F: Quantification of cell
cycle results. G: The cell staining of EdU (the scale bar is 125 um). H: The quantification of EdU staining
results. ***: P<(0.001.
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Figure 3  Overexpression of BLOC1S1 promoted the expression of proliferation-related genes. A: Real-time
fluorescence quantitative PCR was used to detect the expression of proliferation-related genes in the control
group and BLOCI1S1 overexpression group. ***: P<0.001; **: P<0.01. B: Immunofluorescence staining was
used to detect the expression of proliferation-related genes in the control group and BLOCISI
overexpression group (the scale bar is 125 um). C: Western blotting was used to detect the expression of

proliferation-related genes in the control group and BLOCI1S1 overexpression group. D: Quantification of
Western blotting results. ***: P<(0.001; **: P<0.01; ns: P>0.05.
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