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Screening of interaction proteins of Rabll in Giardia duodenalis
GAO Mengyao,ZHAO Zhiteng, LI Lu,ZHANG Xichen, WANG Xiaocen, LI Xi,ZHANG Nan,GONG

Pengtao (College of Veterinary Medicine , Jilin University ,Changchun 130062 ,China)

Objective Rabll.as a small GTPase,belongs to the Rab family,which is mainly involved in exosome-like
vesicles production in Giardia duodenalis (G. duodenalis). 1t is crucial to explore the molecular mechanism involved in
G. duodenalis extracellular vesicles trafficking and to probe the Rabl1 interaction proteins in G. duodenalis. Methods

A prokaryotic expression plasmid pET-32a-Rab11 containing His-tag was constructed by molecular cloning,and Rab11
fusion protein (rGd Rabl1) was obtained after protein induction, expression and purification. Mice were immunized and
polyclonal antibodies were prepared. The subcellular localization of Rabl1 protein was observed by immunofluorescence.
His-pull down combined mass spectrometry was used to screen candidate proteins in G. duodenalis total proteins which
interacted with Rab1l1,and the screened candidate proteins were analyzed bioinformatically in GiardiaDB and Revigo.
Results rGdRabll was successfully expressed and purified,and the murine anti-Rab11 polyclonal antibody was prepared.
Rabl1 was localized in membrane regions and cytoplasm of Giardia trophozoite by immunofluorescence observation. A
total of 528 candidate proteins interacting with Rabl1 were screened,among which 517 candidate interaction proteins with
protein score greater than 20 points,including 124 unknown proteins and 393 known proteins. GO analysis of the above
proteins involved multiple biological processes, such as histone modification and ubiquitination, metabolic process,
establishment or maintenance of cytoskeleton polarity, endocytosis,etc.  Conclusion We expressed and purified Rab11
fusion protein successfully, and a murine anti-Rabl1 polyclonal antibody was prepared. 528 candidate proteins that
interact with Rabll in G. duodenalis were screened, which lays a theoretical foundation for the study of the molecular
mechanism of Rabll in G. duodenalis.
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B B W R LA S i Y 2 R B A A SCE L S
57 A0 G RN L R A S e as R
Ak, BT A HUf M AP B BE T T R R A L S
KRR ek st P, Ras BE GTP W8 % %
) Rab 25 FR CHPE AT, 405 9% 0 58 B L 25 A 5
e R0 R R HE A — R G AR 2 Y Y. Rab
HE R R A 2o A v A 0 DR S 7 T L 3 4 4 b R 2y
Y5E I 70 B Rab AL ERB PO LS 33 ML TE
HWREATL R P A 29 Fp, EBERC I E 3 4
Rab % 11, 43 %] & Rabl,Rab2 Fl Rabl11"*"', H
Rab11 Z: 5 5145 i b 8 4 4% 3 (intraluminal vesicles)
AW e AR A U6 AR 3 9 (exosome-like vesicles) Y
Azt

Z I 2 W] Rabl1 J2& &b WA 4 B 50 BT 0 5 19,
TENZEA L, Rabl1 2 5 g Hh 4 1 5 o 5 32 432 70 o
WA BB . AEF5 I BT 42 0, Rab11 F#% iz K
T 0 AR 238 52 A WA TAT-5 WG 19 ot A ik e 4
RSN BE I A 7 BT T . TER R, Rabl1 A B T4
PRAG 7= AN R X T BT A B Rabl11 B 8 4 30028
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9T B 76 3 0 8 Rabll AHCHE H, ik — 2B R
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A FEA
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1.1 kR AR @miek Akt Eksdh + W
BYAE AL WB k. HEK293T 40 & J5#% % 8 284k pET-
32a ¥ MR 2 2h ) B2 25 22 B AR AE 5 IR S K 1R
7 DHb5a Al BL21(DE3) Wy A Jb 5 FE btk A= W41
FRATF . BALB/c /NI A L7 KA AW AR e 47
FRAH

1.2 2Z&#H  Taq B, R HYUIEE EcoR [ \Kpn
I \HindIlll,Xba I .Cla T , Ll A& DL2000 DNA Marker
1 DL10000 DNA Marker ¥ [ b 50 5 H BE 4= 9+
RA B2 W) 5 6 4E v b i R T 5% 2 . Marker 1 [ X
IR AR IR A R A BR S A PCR 7 9 2l Ak 3 57 &5 1
F A T A TR L) ey A B2 w5 BRI 42 328 571

SR R BE S DNA [ £ 3 R AR A (Rl
(At m5) A R A 7] 5 Ni-Agarose, His Resin 18 4 5 X
Loading buffer W4 F dt 5t fE M 22 A= WA FR A A

2 HiE

2.1 ®% R HFAE cDNA B M-80 Crk4h
BUB BT e WB Rk, B T 37 C /K 74 b i gl it , 77
R A R SRR TR A MR TYT-S-33
BRI FRE D, T 37 CHIERBEFRME IR 24~48
h, B3EE T WA Hu M AR RORAS . A UM B A KOk
A R A X R KRR AT AR AR R .

P A RS R % B 5 A R AR R AT stk L R
Trizol PARHUST 55 B RNA I 5 55 4 cDNA, T-
40 CH-AF,

2.2 Rabll AR A BRAERZAZX B hHE Wi
GenBank ' & 5% 1 B % dt Rabll 3 P ¥ %
(GenBank: AF460175) ,i& ] SnapGene #4114
Y5 Y. L5 8T 5 -GCTGATATCGGATC
CGAATTCATGACTGACGCGTACGACCAT-3' (F
RN 5y R EcoR 1 B YI AL £, T 51 ¥ 7 5.5
CTCGAGTGCGGCCGCAAGCTTGCAACGCTTCT
TTTGCTTAGTCT-3"CF XI5 & HindLL Y] 4
SO gl EEAY AR A A R, LLE A R
cDNA J#i#, PCR #"# Rabll 5K ¥ 5], Wk
%:98 °C 2 min;98 °C 10 5,55 °C 55,72 °C 1 min, 3k
30 ME¥R; 72 °C 10 min, PCR j=4# B-20 C 17,
e T BR ) 4 9 VT EcoR T A HindII % JF A% 36 35 2%
& pET-32a #4753V , { V) 7= W AR 47 F-20 C .
STiBuRCIR i w LA SR g S R S S = N
B KWL R IR A2 DHSa L A 3
SR T E AT EHEZNEAE LB B3R L, f#E T
37 CHiFRFAHFE 12 h, PRBUREREEE I KK 5,
PR 4H Fiokr pET-32a-Rabl1, % EcoR | #l HindIII
XL U) %6 7 J5 22 HE P 5 R WA R w1

2.3 rGdRabll Z & # % F K& A4 I pET-
32a-Rabl1 H 4 ki %L 2= BL21 RZ SN . 1555
PRECBA ST S T 75 & 300 mL LB WA 32 3 b T 37
C 160 r/min $IREF IR B Ao H4 0.6 BFITA
W 1 mmol/L 5 W 56 F FL B i (IPTG) , 37
°C.160 r/min i FEik 6 h, B.OBEREMK, A 20
mL 1 X PBS, 7 il 8 , 250 B B3, TE ] 20 mL 1
X PBS E &, R SDS-PAGE ¥ & 1 # ik 0, iR
5 DL pET-32a 25 R ARAE Jy X HR

B2 mL Ni-Agarose R A 10 mL JZHr i, H
5 A5 AR ddH, O ¥k i Tk, 5 A% A /& B Binding
buffer i ZATFE . H4 8 BN A JZ B A I 4 1
.S HNEH,ME A 5 %84 Binding buffer
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Ve VIR 248 0 5 mL YEBORBENL H & A LR
i SDS-PAGE 43 #1 & 1 4 AL 1F i .

2.4 R Rabll % Btk hiFagd & 4difkny
rGdRab11 508 R4 1+ 1 0 Bl FL Ak )5 K
TS BALB/c /MR B A &2 100~200 pg/H .
AT T WK G S AR R RAS = R R AT s S,
PERN RSB R RPER —2F . RIRGPESS 7 d IRBRCR
I, 43 B I35 5 SR M) 4 ELISA W52 Il 3 P48
2.5 Rabll & %% Rk Ay 4s BT IR IR
BN T 42 BB RA RN MEIE R .37 CH
B 20 min; ITA 420 Z R #, % L [E2E 20 min, PBS
WHUE 3 W A 0. 25% Triton-X-100 % b &b 3 15
min, W5 Z R . PBS 15 Bk 3 K3 % BSA = ik 35 4]
2 hs A PBST 4E 1 ¢ 100 & B (1 BT Rabll £ 5%
GEPUIRINTY .4 “C T A % PBS W5 ¥ 3 U AR
JEHOE =P 1000, EH\EF 1 h.PBSEYE 3 k)G
TP EEE K B F 7], 8] B R AR OGO
(BI5 LLSM700 {1k %5 ; Carl Zeiss AG) F W %E Rabll
fE B 55 B AR v i s I L

2.6 His-pull down §% it rGdRabll #9 Z 4% & & ¥
A RCRAS R AR AR VKA S 3 000 g B0 10 min,
SR FRA, PBS W R UOIE 3 K. TEVLIE A F
16 85 P30 700 9 RIPA S 6 9 32 BRCST 56 il B 2R
.53 9 5 45 4 pET-32a 8% rGdRabll % 1 # His-
Tag H AL FRILIE T 12 h(Bl A& E AT % M E AL
£ Mag-Beads His-Tag Protein Purification) , & J5 H
TBST *f 3t % & i ) Mag-Beads His-Tag Protein
Purification #E47 i ¥ . # H] TBST #E47 %% i . e 4 &
A W R I SDS-PAGE HE 3k A8 0 16 B 28 (4 5 43 51
0.25% % il 52 ¥ G-250 AR Yy ik 7 & Y o )5 ik 47
3. KBRS pET-32a X R4 .

2.7 LC-MS/MS 4 #  [n pull down 3K 1% ¥
rGdRabl1 HAEE H (rGdRabl1 IPs) 5 His Tag H./E
FE A (His TPs) WA J 25 1 328 17 il A o 0 340 it Joe 5t
b5 %% 55 1 Y07 850 2 1l BRK B, SR S
LC-MS/MS(nanol.C-QE) # 47 5t ¥ 43 #7 » fifi I Mascot
SR R DT OEE AR OPE 4y B LC-MS/MS e, kA8 S
rGdRab11 FHE5 & 09 5 2 A A (5 . . 3853 Mascot
AETE UniProtKB/Swiss-Prot $t#i % (http://www.
Uniprot. org, UniProt Xt
rGdRab11 & H#F7 KB SU IS R AR & .

2.8 AMEEF N MKEM rGdRabll IPs #
His IPs f#k € 22 S AL 9 & 1, XF 22 7 & 1 A7
uniprotID 2| GenelD i % #, 3R B Ay 25 5 56 X 7
GiardiaDB Chttps://giardiadb. org/giardiadb/app) %X
T R AT HG A3 0T, BRI X 22 S R A i GO TR

Knowledgebase )

1E Revigo FAE#E— 25437, 3 X GO Iy P (H i
TR IR BR TUAT) GO R, 5 uniprot B4
FEFEAT HE XA HEORS AT 1) GO ThRE & 4.

& R

1 EFEHRRabll EEREZREFMNHUHERERE
Rab11 3£ K PCR ;=¥ 4 1% 35 g b 8 58 o ik 43
B, K/NK 651 bp, S HUH—F (& D, ¥ HWEEH
BV SR AT 3% 2, b # i 4H SRL pET-32a-
Rabl11,% EcoR T #il HindIII XX ) % & , 4 A H A9 H
BES5 U Rabll K/N(651 bp)—E (B 2), 20 ki
MR 5 A7 Xt 23 #r . 5 Rabl1 &R 5] — 2, pET-
32a-Rabl1 ##E IEH,
bp
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M  DNA #REH(DL2000) 1.2 Rabll Z P PCR 74
1 Rabll EFE PCR # 3 7=41 1% I BE 1% 5% AL B 5k &3 47
M  DNA Marker DL2000 1,2 PCR amplification product of Rabl1
Fig. 1 PCR amplification of Rabl1
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250 B

M  DNA ##&E# (DL2000) 1  pET-32a-Rabll 2 pET-32a-
Rab11 X1
B 2 pET-32a-Rabll B R EHENELEE
M DNA Marker DL2000 1 Undigested plasmids 2 Double
enzyme digestion of pET-32a-Rabl1 vector
Fig.2 Double enzyme digestion of pET-32a-Rabl1 vector

2 rGdRabll EEMIFESRER AL

¥ pET-32a-Rabll ¥4k 15 W )5 H IPTG #E 17
W%, R H SDS-PAGE ;I 3Rk =4, 45 1 o7 21
FEAS TR 43 ka (B 3A), 5T — 3, H W
BV ML T B AT LA BRSO
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A rGdRabll EBARKIEAMEE M EASFHERRE 1
FREFHEEHK 2 KBESFTHEEK 3 FSEAWRLSER
4 FEREEAWEAR LY 5 BFRREAEAMIIE B B4
ft rGdRabl1 ) SDS-PAGE 4+ir M HHASFRERE | BE
W2 W 3 VEMER  C  Zlifk pET-32a #Y SDS-PAGE 43 #t
M EASFRERE 1 WHFR 2 BRI 3 VEBR
B3 &M Rabll EAMRXLL
A Identification of rGdRabl1 protein expression forms M Pre-
stained protein Marker 1 Induced empty vector bacterial solution 2
Uninduced bacterial fluids 3  Induction of rGdRabll bacterial
solution 4  Supernatant ultrasound after rGdRabll induction 5
Sediment ultrasound after rGdRab11 induction B Purified rGdRab11
SDS-PAGE analysis M Pre-stained protein Marker 1  Flow-
through fluid 2 Washing liquid 3 Elution fluid C. Purification of
pET-32a M Pre-stained protein Marker 1 Flow-through fluid 2
Washing liquid 3 Elution {luid
Fig.3 Expression and purification of Rabl1 from G. duodenalis

F ik 75 ¥ 4 His-Tagged Protein Kit ( Soluble
Protein) 246 J5 15 2| 5§ — H1 Uk 4575 19 rGdRabl1 #H H
(F 3B). =B oy 4l fk i 25 5% i rGdRab11 & 1.
il £ 19 His EHEH 7Bl 19 ku(® 30),

3 Rabll EEEHRENNEML

VLR T Rabll £ o B 1ML 1 A BL A4 3E 47 Ho 988 5
BRI  7E (5 B SRR ORI R W RUEE T T DL A
FR A WA, Rabll F B4 T 54 duk 5
A 230 e % DX 5 R 490 it 5 o (T 4)

Hoechst Fluor 594nm Brightfield

A Rabll B RKAMEL B B H
B 4 REWHZEA Rabll 7 & B4k R B E L
A Subcellular localization of Rabll in G. duodenalis B Negative control.
Fig. 4 Subcellular localization of Rabll in G. duodenalis
by immunofluorescence

4 His-pull down BX & R i% /% i rGdRabll M E{E &
=|

pull down M HUIER &Y% SDS-PAGE HLJk
JE AT Y RN 2 i sn i e o, g5 SR 1 5 A 6,
% R L, SEE ZHAE 14~100 ku 38 B P AEAE K/
ANEREH, HELEPTE 30~60 ku &b,

M 1 2

ku

120
100
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50

40

30
25

14|

M HEASFRERE 1
pET-32a-Rabll 54 M E LT
B 5 pET-32a-Rabll #0 pET-32a SDS-PAGE %R 4 17

M  Pre-stained protein Marker 1 Co-incubation of pET-32a and
G. duodenalis total proteins 2 Co-incubation of pET-32a-Rabl1 and
G. duodenalis total proteins
Fig.5 SDS-PAGE silver stain analysis of pET-32a-Rabl1
and pET-32a

pET-32a 52 MEALWE 2

M 1 2
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14

M EASFRERE 1
pET-32a-Rabll 54 & HLEH
Bo6e 52mZEHXMEEF pET-32a-Rabl1.pET-32a K
SDS-PAGE 2 Sfi R L BN

M  Pre-stained protein Marker 1 Co-incubation of pET-32a and

pET-32a 52 MEAILWE 2

G. duodenalis total proteins 2 Co-incubation of pET-32a-Rab11 and
G. duodenalis total proteins
Fig. 6 SDS-PAGE Coomassie Blue Staining analysis
of pET-32a-Rabl1 and pET-32a

EEE W Rabll EEEAK LC-MS/MS 447

2% oy A, SE B Al b ARk I B 1 225 A
rGdRab11 B {E & (1, X B4l v ek 0 2] 1 470 4
pET-32a HAEE 1, KX R 415 92 56 21 rb A4S 1 2] )
BT DS 5G 2H BCHE T B L S BRTY 5. 19 3 528 AT RE
5 rGdRab11 HAEMEEE F (K 1),
6 TEHEH Rabll WEEEBINESD

MR Tk 45 5, A7 528 DA ES rGdRabll H AR
A e 2 1, Ferp AR BT PE 4R KT 20 A 517 A,
FLFE 124 DNRMFE A 393 MEMEH ., A 393418
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HIEE FEAT GO Ifg 525001 - Level 2 9051 GO Tyhe
WAEFZET 43 A, Ay 2 15 A4, b B
46. 8% s/ T IhHE 12 4. 5 BB 37. 5% 5 40 M 2 1
A5 BB 15. 7% (F 8), 7 Revigo FAE#HE—
SN, R R X e 2 R R A RS TR
RE AR G o A0 45 a7 0 3 4E 155 40 M A M L 9 AR AL
P L 78 ST i A 5 GO A M R R e R
LA YRS, ERRA s EESHAEAT
HEHEBESYMFE XSG, Ea POl T8
MR RO L 45 & U IR i 45 & OB &R +RNA
T TG R U R O R e 2R TR U S P A
KE D, GO st isn, B4 B Rabll Al figiE 5
ZMEARMEENSS LR EMAEY ST,

Control Rabl1

20 pET-32a HAFE A @ rGdRabl1 HAEEH.
B 7 HEESH pET-32a 1 rGdRabll EEZEEHHERHIF
Notes: “Green” pET-32a interacting proteins; “yellow” rGdRabl1
interacting proteins.
Fig. 7 Venn Diagram analysis of the pET-32a and rGdRabl11
interacting proteins

o e—
e —
—

|

aaaaaaaaa

8 rGdRabll EEEH GO RS
Fig. 8 GO function enrichment of rGdRabl1 interacting proteins

§ ) o

9 rGdRabll EEERSEE
Fig. 9 Bubble chart of rGdRabl1 interacting proteins

A prot_hit_num BB i B2 b 45 A 8 F A D
R RRBEEOS BT A pull-down 25 8 & A 47 HEF 15
B 5 AT B R A E (R D . GiardiaDB # 4
JE b B D BE TE R R W F T A o Y AR Y T TR W R
M (Pyruvate, phosphate dikinase), & B ATP
A MEATE P G TE TR AR B A G TN T R R
G T R Bl MR AR D RE L 2 S IR L S Y TR
PRACI R, B2 Tr 8 G g5 E A Trtype
(G domain-containing protein) ., iZ & HEE S5 S H —
BEmR 4 A BA GTP KBS e — K 1F 516 &
M. % =4 J& CoA _binding %5 # 3 & 1 (CoA _
binding domain-containing protein), A ATP 45 &
IR #5216 3% PR 45 00 A2 LSU &R 1 (LSU
ribosomal protein L4/L1 family protein) , ¥E J & {4
R 285 A8 I 53 T8 A0 M PN R 1 5T A ) I kA AR
JH 5 55 A & 5 85 ) (Ankyrin, ANK) B 2 JF 51, b
LR PR ST HE B A M e — T S 24 AR SR B
B9 ST AL, JEAE 22 0 240 0 27 0 AR ) o 5 R v ke 4 O B AE
FH 510 40 2000 J 1) 45 5 e 5 3 R0 4 ) 40 T 4 4 . ot
Hh IR TR 3 A B I s A OCH L 2 A WEIR L iz A
KEAU N AN G WEEMAXHERGR D,

W%

Rab EHAHER MM TR EZRHE 22K
1. S5HAB/N GTP BgAH R, Rab & F1 AT LAFEA T ER 1)
GDP %55 X FE BR Y GTP 45 &8 202 8l it 17 5%
e, XA BY T 0K ShAH B A S R A Y R] e 42
ARAE S IR R A R 3¢ 4 T (GEF) Ml GTP il i#%
W H (GAP)# i1 84 GTP/GDP 58 M £ GTP
il 0% R R LT AT L e GTP 45 /4 U F L Rab
HES AR E A S YA EAER 2 3E 2 b 5 5
KRR Y 32 AR B8 L. Rab & 1 % £ T fig LA 5%
oD I AN e IR 7/ 7 e R | G A - N
GEF Hl GAP Al LIRZ 4545 . IF £ AN [ B9 Rab EH Z
3L, Horp —Se 2 & \GEF L& GAP i 2 A [7]
IZEG ALY Rab 45 &, 53 — L8t ] il 53 A ) 1
SEWE AR Rab EH4E G . 1. Rabaptin-5 &
S5 —ANWUE A A 1 R R Y 25 A 07 S 5 R TR Y Rab 2K
P45 G 13800 # o DT RS 49 5T 3k A L 300 oA 4 32 42 3
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% 1 His-pull down §fi£ ) rGdRabll EEE R
Table 1 rGdRabl1 interacting proteins screened by His-pull down

, Py
5o Eege LT B A
o it (ku) ) . Peptide
Item Protein No. . Protein annotation
Protein mass score
Pyruvate, phosphate dikinase
V6THZ0 98.822 B 4951
FITRRR BERR W
- Tr-type G domain-containing protein
7 39 ¥
V6TBX0 100, 33 el G B E 1080
BEE . CoA_binding domain-containing protein _
/6 TH! 100, 551 - , 47
gy G B g oA AR "
LSU ribosomal protein
V6THIS8 35. 280 I 596
’ LSU Kbtk 11
ANK
A8B440 .0 554
8 88.068 HER 55
ABC  transporter  domain-containing
DHA2_3470 126. 001 protein 116
ABCH B E A
[ ABC  transporter  domain-containing

GLP15_3377  119.987  protein 39
ABC#32 | FE I

MRP-like ABC transporter

5150581 325 A7 v - 3¢

GL50581 3254 123.176 MRP B ABC B2 B 1 33
Phosphatidylinositol ~ transfer protein

GL50581_3968 41,153 alpha isoform 157

AR BEALES 765 1 o LR
Bl ez
Phosphoinositide-3-kinase/  catalytic/
alpha polypeptide 62
TR - 3- R /1 1 o 2K

QR46_0666 244,987

Sec61 alpha subunit

A5 4 KRR
QR46_4582 54,554 Sechla T 2 43
Sec? family protein
sMRT_15591 233.352 T 4
‘ GMRT 1559 33.35 Sec RIEH 34
ik G
e o _ ec7 domain-containing protein
5L 239. , , 2
GLP15_5017 39.678 & Sec? EHBIE L 5
acuola in sorting 2
GMRT 13424 66,875 Vacuolar protein sorting 26 33

Rk 26

WEFE B Rab EHER T2 5N A& B, i85 M
S 28 AR A A 0 2 4R e DA R A 5 e 1
S 20 i 9 B A A i B A O, — 2B F SR ] Rab 3R
1 L FERORE D 5 9 5 728 MR K 3 15 22 i g 1) % HE 4
PIMHG, fE2F 4 M, Rabll FAEA bk Rab & (11
fE. 7675 I B FF 2k B, Rab11 4 55 45 2 4> 2430 9 76 i
[ 43 b & 4 AR Y . FERTOR B B, Rabl1 W
AEZ 5 YOI TE DU 5 B oK BB il 4 X — i 2
TEBTER 2L, Rab11 ML) 8 F 40 M 282 5 B Ul
B, 51 R P ) Gk R RECY L A, BT AS I Rabll
i 2 55 B R R PN B3 A ) O R A I A B Y
Az BRI T B AR R Rabl1 78 & 5 H D B4 2 b
(14 43 F AL i S+ 53 9 2 L Rab11 A7 G 19 43+ BL A7)
eI

A5 [A) P SO T BT AR U Rab11 2% [H 78 4 Sk
JARFRIL T rGdRabl1 GG HE . JEUE R IK Y B2

AR T T AR IR TR bR (AR R 8 W A A YN 3Rk,
HAG ASAE T R A% J i () 3R 45 i R 3638 7= 0y L R A T i
ML RE., ML Z R T R%, Higkib
cDNA, HFE X WE AR LB, EEA B KRG
PE, ABFSEHI % rGdRabl1 8 112 & EL A KR IE M
N E o B BAE O AR A S S AT L LT RE A
AR B AR 5 H Al AR 5 A VR R b, B A =2 (B Y
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