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Prokaryotic expression, protein purification and functional
verification of human homotypic fusion and vacuole protein
sorting complex subunit

Yu Chen, Renpeng Guo, Saifel Huang, Dan Song, and Rong Liu

College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: Homotypic fusion and vacuole protein sorting(HOPS) is a protein complex consisting of VPS11, VPS16, VPS18,
VPS33, VPS39, VPS41 and regulates membrane transport in vivo through membrane fusion mechanisms. The evidence
suggests that HOPS complex as a fusion factor, facilitates autophagosome-lysosome fusion. To determine whether the HOPS
complex directly interacts with the autophagic SNARE protein STX17 in vitro, the coding sequence of the six genes were
amplified from the existing plasmids by PCR, and then ligated to the prokaryotic expression vector pGEX 4T-1-GST or
pET-His-NusA. After identification through colony PCR and DNA sequencing, 6 recombinant plasmids were constructed and
transferred into Escherichia coli BL21 (DE3). The recombinant proteins were purified by glutathione sepharose 4B and nickel
column. We used the tobacco etch virus protease to cut off the GST-tag or His-NusA-tag, to obtain HA-VPS11 protein of
about 105 kDa, Flag-VPS16 protein of about 97 kDa, HA-VPS18 protein of about 108 kDa, Flag-VPS33 protein of about
70 kDa, HA-VPS39 protein of about 97 kDa, and Flag-VPS41 protein of about 98 kDa. The function of the purified proteins
was verified by in vitro glutathione S-transferases pull-down assay, confirming that autophagic SNARE protein STX17
interacted directly with HOPS components. Our findings provide experimental basis to further study the function and

mechanism of HOPS complex in the process of autophagosome-lysosome fusion.

Keywords: human HOPS complex, prokaryotic expression, protein purification, autophagy
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T E3E5Y . RIS SR %, HOPS & 41k
k5 AwEYE SNARE 8 11 STX17 A1 B.AF F R A2
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PIHAR A ; PCRIAF & . T4 DNA HE A A
TaKaRa /A ] ; Trelief SoSoo Cloning Kit 1 H Fd 5L
BRI AW ERA R A R A R D)
EcoR1 . BamH I . Hind IIIF1 Not I It § NEB 2
Al BRI & . DNA marker 14 H Genstar 24
Hl s ORI & H OMEGA A +l; TAE. &
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Al REASTREDT HA $iik . B sakEdt VPSLL,
VPS18, VPS39, VPS4l Hifkily H Santa Cruz
OS] R TTEDT VPS33 HiIARI [ Genetex /Al
SR T EDT VPS16 HiL{Al § Proteintech 24 v ; %
By ERT STX17 Hiikl {3 Sigma A Fl s HRP 3 id
AILEBTE 190G, IHFEHiR 19G I 3 SBA 24 H];
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121 3956
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pcDNA3.1-HA-VPS39, pcDNA3.1-HA-VPS41 (&
AR A, A PrimerSTAR B3 H Y
H B, &R . 98 “CAEME 10s, 58 CiBk 5,
72 CHEff 1 min, 3t 30 MEH . PCR ™ 1%
TN MR I Eh KA I TE AR S, I [T A B
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37 CHEVIAH AT, BamH T Al Hind TITXX
fii U1 pET-His-NusA Jiiki, EcoRT Fl Notl .
BamH I 1 Not [ 73 53 HFY] pGEX 4T-1-GST Jix
ki, v baik . 1) Jogsidd )y Trelief
SoSoo Cloning Kit % 224k PEAb 34k 5 B i Bk,
&4k E. coli DH5a, 37 CH;Frid . 2) T4 &N
K WY PCR F=4¥)3F 1 T4 DNA i HE ki A
KivE AR om0y H B9 B S k% 4+, ¥4k E. coli
DH50, 37 CHiFEMK . K HPRBCATERE, JEAT
W PCR, BieMiBE I Uk B A0 Rl , 1B 4% 25t
B IE 0 TR EA TN P S . P e e, F
15 RN
124 BHERAMSEBLL

WP IERR 6 PB4 BRI ILE E. coli
BL21 (DE3), #kHUCHFEREIHY KEEFE. 1) iR
FZHMr: 37 CHiFZE ODegoo 0.9-1.2, JIA IPTG
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<. cjb@im.ac.cn

135




136

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

x=1 WEAASIY
Tablel Primersused in the study

Name of primer

Primer sequence (5'-3)

Restriction site

pET-HA-VPS11-F CTGGTGAGAACCTGTACTTCCAATCCGGATCCTACCCCTACGACGTG BamH [
CCCGACTA

pET-HA-VPS11-R TCCTCTTCAGAGATGAGTTTCTGCTCAAGCTTTTAAGTGCCCCTCCTG Hind III
GAGTGC

pGEX 4T-1-Flag-VPS16-F CCGGAATTCATGGACTGCTACACGGCGAAC EcoR I

pGEX 4T-1-Flag-VPS16-R ATTTGCGGCCGCCTACTTCTTCTGGGCTTGTGCCCT Not [

pET-HA-VPS18-F CTGGTGAGAACCTGTACTTCCAATCCGGATCCTACCCCTACGACGTGC BamH 1
CCGACTA

pPET-HA-VPS18-R TCCTCTTCAGAGATGAGTTTCTGCTCAAGCTTCTACAGCCAACTGAGCT Hind III
GCTCCTC

pGEX 4T-1-Flag-VPS33-F ACAAGGGATCCCCGGAATTCATGGCGGCTCATCTGTCC EcoR I

pGEX 4T-1-Flag-VPS33-R CAGTCAGTCACGATGCGGCCGCCTAGAAAGGTTTTTCCATCAG Not [

pPET-HA-VPS39-F CTGGTGAGAACCTGTACTTCCAATCCGGATCCTACCCCTACGACGTG BamH [
CCCGACTA

pPET-HA-VPS39-R TCCTCTTCAGAGATGAGTTTCTGCTCAAGCTTCTAAGTGTCAGCTGGG Hind III
TTTACCTC

pGEX 4T-1-Flag-VPS41-F CGCGGATCCATGGCGGAAGCAGAGGAGCAGGAAAC BamH 1

pGEX 4T-1-Flag-VP$41-R ATTTGCGGCCGCCTATTTTTTCATCTCCAAAATTGCAC Not [

Note: underlined sequences are restriction enzyme sites.

35 IR, FH E. coli 2422 rhik (20 mmol/L
Tris-HCI, pH 7.5, 500 mmol/L NaCl, 20 mmol/L
Dk, 1.4 mmol/L B-FiJk 2B, 0.05% Tween 20,
0.2 mmol/L PMSF & [ Eg il 7)) dEa, #E
30 min J5 AR, 12 000 r/min. 4 CE.OHET .
2 AR - (20 mmol/L Tris-HCI, pH 7.5,
500 mmol/L NaCl, 10 mmol/L Bkmk, 5%t i) 7%
VeEAE, MR INAER B, 4 Chgks 2h, 3500
W, A 2 A5V (20 mmol/L
TrissHCI pH 7.5, 500 mmol/L NaCl, 20 mmol/L
WKW, 5% ) EBE, AR (20 mmol/L
Tris-HCI pH 7.5, 500 mmol/L NaCl, 500 mmol/L
Wi, 5% ) B, HEIEEEOMA TEV
YIHsibnds, RGBS E 1 SEAE S, Ik
LEARONERAAIFWEHEN, R
SDS-PAGE #il Western blotting J5 &6 . 2) 2 bt
HRRBIR WA B 2 FZ 1. 37 CHEFEE ODeoo
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0.4-0.6, il A IPTG (& i/ 0.2 mmol/L), 28 C
W5 h, 4 CELLF FIFIUERIK, HE. coli 2
fifrZE R (20 mmol/L TrisHCI, pH 7.5, 150 mmol/L
NaCl, 0.1% B-Fi & %, 1% Triton X-100, 0.2 mmol/L
PMSF 2 IR I5R]) i, #% 30 min j5 A
%, 12000 r/min, 4 CE.LEEW, IFMAE
& Glutathione Sepharose 4B (B%31K), 4 Clieht
PR H IR IR, PG & E. coli 3¢
fift 2 pIRURN TEV W, %% 2 h, B0 RIgHED
R4t EAE N, R SDS-PAGE i
Western blotting 75 &6 .,

1.2.5 Invitro GST pull-down 3&E HOPS4H %
EHS STX17WHEEER

¥ pGEX 4T-1-TEV-Flag-STX17 &4 i ki
fkZ E. coli BL21 (DE3), % IPTG i35 55
A, H E. coli 2422 shil 4, #& 30 min J5
A EE, 12000 r/min, 4 CELLECERE, A
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A0 )% Glutathione Sepharose 4B (%} HEZH 1 g i 3% 5
¥k, A Flag-STX17 &1 FiE), 4 CHeft i .

WHIHVEB SRR, XA S50 RA 1 himAl
4L hr (1) HOPS%FI XTHRA 2 Wi A S g2 o
W, BEFELEA 1h, BOF ISR, B
JMAGE & E. coli f”ﬁ%ﬁﬁlﬂm%ﬂ TEV i, 4 C4k
SLlERs 2 h, B UEE BWE IR AR, CRA
Western blotting J5 ¥ 46 1l HOPS 4143 & 1 5
STX17 Z Ml A EAER .

2 ER5AW

21 HWRERNREREE

PL 6 Fhi A PR R, A BT 6 X5
Yy sais 2 5 Be, Hrp VPRSI 42K 2 826 bp,
VPS18 4: K 2 922 bp, VPS39 4= K: 2 628 bp, VPS16
4K 2520 bp, VP33 £ 1791 bp, VPHAL &K
2 565 bp, £ BUARA L UK %8 AR A5 5 FUH A Br— 3
1) 6 # PCR ™49 (& 1 f1IA 2).

bp
4000

3 000
2 000

B 1 VPS18. VPS39 1 VPS11 ERF #) PCR ¥ 1
Fig. 1 The amplification result of VPS18, VPS39 and
VPS11 gene by PCR. M: DNA marker; 1: PCR product of
VPS18 gene; 2: PCR product of VPS39 gene; 3: PCR
product of VPS11 gene.

1 2 M 3 bp

4 000
3000

2000

1000

2 VPS16. VPS4l F1 VPS33 E[F ) PCR # 1
Fig. 2 The amplification result of VPS33, VP41 and
VPS16 gene by PCR. M: DNA marker; 1: PCR product of
VPS16 gene; 2. PCR product of VP31 gene; 3. PCR
product of VPS33 gene.
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22 EHEBRNHHERETE

F BamH T il Hind I Y] pET-His-NusA Jit
% (K 3), FI EcoR I Al Not I = BamH I Al Not I
A3 XU pGEX 4T-1-GST Jiik: (& 4), 37 C
M) 5153 3 R fbaiiA . W8k S B
R BN E I . H , PRI SR RE, HEfT
s PCR, MIBIERESER Ik W)L 45 (K 51
& 6). FEv% PCR 5 ik iR B (1) B I, 1F S )
JPEE R SR P 5 —2, UiB] 6 Frdl s HOPS &
A AR IR D A% 2 38 FE 2 OB A T

23 EHEFTAMLHENK

#: SDS-PAGE #i1 Western blotting J7 461 15
HUUR R AR B A2 7 Uk h 4l fk 15
F 5> F R 105 kDa £ (1 HA-VPS11 H 2 # [1

TEV site

X\/BamH [

Hind 111

NusA
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Kan®R
Lac |

-~

3 pET-His-NusA £k EiE
Fig. 3 The vector map of pET-His-NusA.

TEV site

BamH |
Lac |

EcoR 1

/\ Not 1

4 pGEX 4T-1-GST #H k&%
Fig. 4 The vector map of pGEX 4T-1-GST.
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bp

3000
2000

1000

500

5  pET-His-NusA-TEV-HA-VPS11 . VPS39 .
VPS18 EH R ES PCR £ EHER

Fig. 5 The recombinant plasmids pET-His-NusA-
TEV-HA-VPSL11, VPS39 and VPS18 colony PCR results.
M: DNA marker; 1-3: detection with colony PCR for the
recombinant plasmid pET-His-NusA-TEV-HA-VPSL11;
4-6: detection with colony PCR for the recombinant
plasmid pET-His-NusA-TEV-HA-VPS39; 7-9: detection
with colony PCR for the recombinant plasmid
pET-His-NusA-TEV-HA-VPS18.

108 kDa 7= #5 i) HA-VPS18 H 41 % [1 % 97 kDa /&
R HA-VPS39 A (K 7); FIHABEH IR
FEAT I R alifb 15 30 5 FH7E 97 kDa A 471
Flag-VPS16 F41#E 1. 70 kDa /4 ) Flag-VPS33
A N 98 kDa e 4511 Flag-VPSA1 EAHHE M
(Kl 8)

24 HOPS ZEHS5 Flag-STX17 EBRIASME
E1ER

PL Flag-STX17 R HEN, Hhakitsy
Glutathione Sepharose 4B 454, SR 43 BN A 4ifk iy

bp
3000
2000

1 000

500

E 6 pGEX 4T-1-GST-TEV-Flag-VPS16. VPS41,
VPS33 EH BRI A E % PCR £ELHR

Fig. 6 The recombinant plasmids pGEX 4T-1-GST-
TEV-Flag-VPS16, VP41 and VPS33 colony PCR results.
M: DNA marker; 1-2: detection with colony PCR for the
recombinant plasmid pGEX 4T-1-GST-TEV-Flag-
VPS16; 3-5: detection with colony PCR for the
recombinant plasmid pGEX 4T-1-GST-TEV-Flag-VP$A1,
6-8: detection with colony PCR for the recombinant
plasmid pGEX 4T-1-GST-TEV-Flag-VPS33.

i) 6 PRI, 7 HOPS 414> 15 Flag-STX17
EARDEES)G, A TEV BB TUEN . AW
Pl (AT B AR AR R, S 8 R e
W B3 rh I as i R S AR R AN
AR 46 . ZEIRANE 9 B, SXFRELAR L,

ST YHAE S T4l 105, 97, 108, 70, 97, 98 kDa
e A7 4 BIAS I HA-VPSI11 . Flag-VPS16 |

HA-VPS18. Flag-VPS33, HA-VPS39, Flag-VPS41
EAMNFETERA, R HF— 8 A 1 2
W TARRR SR 2T, DA 25 SR — i 136 W il 45 1

A B
kDa 1 2 3
135
100 —a L
-l
r e .
75 .

7 HA-VPS11, HA-VPS18, HA-VPS39 E4HEHK SDS-PAGE (A) 5 Western blotting (B) &4 #f

Fig. 7 SDS-PAGE and Western blotting analysis of HA-VPS11, HA-VPS18 and HA-V PS39 recombinant proteins. (A)
The analysis of SDS-PAGE. (B) The analysis of Western blotting. M: protein marker; 1. HA-VPS11 recombinant
protein; 2: HA-VPS18 recombinant protein; 3: HA-VPS39 recombinant protein.
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B
kDa 1 2 3
135 —
-—
100 —
75
—

8 Flag-VPS16. Flag-VPS33. Flag-VP341 EHEHH SDS-PAGE (A) 5 Western blotting (B) &4 #f

Fig. 8 SDS-PAGE and Western blotting analysis of Flag-VPS16, Flag-VPS33 and Flag-VPS41 recombinant proteins.
(A) The analysis of SDS-PAGE. (B) The analysis of Western blotting. M: protein marker; 1: flag-VPS16 recombinant
protein; 2: flag-V PS33 recombinant protein; 3: flag-VPS41 recombinant protein.

A B
1 2 3 1 2 3
: : GST pull-d : -
IB: VPSI11 L pull-down IB: VPS16 - GST pull-down
IB: STX17 —— Flag-STX17 IB: STX17 Flag-STX17
IB: HA p— pr— Input IB: Flag - — Input
C D
1 2 3 1 2 3

IB: VPS18 i l‘ h GST pull-down  [B: VPS33 s | GST pull-down
IB: STX17 l_nFlag-STX” IB: STX17 W e | Flag-STX17

IB: HA e e | [nput IB: Flag — s | Input
E F
1 2 3 1 2 3
IB: VPS39 s |GST pull-down IB: VPS41 —_ GST pull-down
IB: STX17 | - e [Flag-STX17 IB: STX17 W w | Flag-STX17
IB: HA - = = |Input IB: Flag — . | Input

B9 ‘AR HOPSEAFH 6 EHERS Flag-STX17 HHE/ERA RSN GST pull down 5 R

Fig. 9 In vitro GST pull down results of the interaction between STX17 and six recombinant proteins consisting of
human HOPS complex. (A) In vitro result of the interaction between HA-VPS11 and Flag- STX17. (B) In vitro result of
the interaction between Flag-VPS16 and Flag-STX17. (C) In vitro result of the interaction between HA-VPS18 and
Flag-STX17. (D) In vitro result of the interaction between Flag-VPS33 and Flag-STX17. (E) In vitro result of the
interaction between HA-VPS39 and Flag-STX17. (F) In vitro result of the interaction between Flag-VPS41 and
Flag-STX17. 1: without Flag-STX 17 protein; 2: without recombinant protein; 3: test group with recombinant protein.
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TERTREG o & B pGEX 4T-1-GST-TEV-Flag-
VPSI1, VPSI8 Fil VPS39 X 3 Fl 8 20 kv At 25 11
FORRAMRAC, BEEMmALRE AN (5 SRR, IR
ERE SR, SORBIEAHE, Ikt
PET-His-NusA #k AR g e ik o Ibakik B & A
T7T58IA 8+, RTS8 0 A B . AR
TS IRHER, R IPTG i3 R km R A
22 CiF PR, ZAE His-NusA {Emibn
S HME R R S8 VPS1L, VPS18 Fl VPS39 (Al %
PEFIR, Wohaifb i EHEA . AR E
HJFRIAH AT GST il His BiFl#r%s, GST-tag 458
26 kDa, HAewgyshnEAE M TEN:, et
R M 9 LR B 0500 A A i P e
GST-tag A AH N 1Y B A, 2 5K AT e 52 Ml 2R
RN AE . Histag il % 2 i 6-10 AR
FRIELAIN, 24 0.84kDa. Histag F A& H 4tk
PREEAN SRR 2R (A 5 (R T v S A 2 F heE, e
RERVERAR, A ANy Al b il & 1 n] L E
AR dl s biiR, I HAR6E 5 I Ath S FARs
— R TR 2 A T £ kP, NusA R



BE SIARRERESNEARSEESHATENREZRE . EEACRINERIE

— AR 55 kDa i E AL, T A&
AIEVEIR S, IR MRS PR S B E 4G
JE AT AR EARER (1 RORE v R T, 9R
AR, NusA i85 I F42 o 55 21 8 11 1% 1E 1
&, EaEANEEER. BT GST. NusA
XA EL A PR B TR, AR ik i
6 81 2 2R U AR N 4 1 L K 2 i) 90 kDa, JF
VA TEV 2 M i 2 BRrE 41 8 (A9 GST ¢ NusA

Tl bR TV B S R 2 X 28 11 454 SR 1)
SRR

gi LTk, AW A pGEX 4T-1-GST Al
PET-His-NusA Z 4 it oy 44 2t 20 i\ HOPS & &
KRy 6 Fi 4] ik, % 1L = E. coli BL21 (DE3),
% IPTG ez R G h e Rk, JFHRM
A5 e H BB R AR B -5 A T o o R i Ak v 4R
4 VPSI11. VPS16. VPS18, VPS33. VPS39 #il
VP41 iX 6 F 4, GST pull-down i 5 iiE
S HOPS & A& 5 i 7E A WA 1 STX17 & 1
RSN A B WA EAER . R C A4 3] A 1
S ARG R, AR B STX17 K
SNAP29 SEETE L —Iu R A&, 4kifi 5% Bk
/) VAMP8 TE i — I A IR AL SR A G o Rt
EATA A HOPS B A kR & EH SNARE & [
STX17-SNAP29 — & A 1kDk STX17-SNAP29-
VAMP8 = i AR HAAHEAER, Mnife
X — PR A A o 5 St Uk 2R A GST pull-down
FARFIRIE HOPS 45145 SNARE AR &
HRMIRIMAEAE A ZR, B HOPS & & 144/E
Sk A R A I A 2ok R P VR FEALAR
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