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( ADP ribosylation factor 1) K GEF ( guanine
nucleotide exchange factor) W1 [ Sec7 45 #J 15 [7] ¥ K
SR B T RE S O e i Axfl [¥) GEF, JiG Arfl I f5
LR AR 2008 il ZE A 1 (1 LCV b, WU ik 3R T Axfl
S A e R AR L BN R B i LV i1 H
ft) Y LidA WIRE S5 /NS SR R ) — A R
A AR Rab K22 AH AR AL, 3 5 2% A0 4 5 Rab
SRR LCV 1M » 3k 11 53 45 32 iy /)N v >k A8 i ROy 2he
LCV DLIA B e W vk ie 2 g H i ™0 o e —
PR ERE W2 BN EA S H Y
HEHMAME, XERARKAIREKEA
(eukaryotic-ike proteins) , 28 FLA% % W 2 (A # 15 ZE [
VAT A CAZ A A4 A 389 B AR A9 SN A By o AR T2k
N3 1 3l A T RE B DU AR PR AEAE AN A
B SR I AN BE R Al T 3 D S R S i BT )X 4 R
% B R AR D) BE H AT e 2 /0o LegK3 J& T 1
Jits 2 A R 2 LA N B R LA 2 TR R R
FLPONE ) — 51, il 5k TN [pg2556 B 4 . H T X
LegK3 ¥ 1 fif A B T~ & i A7 1 i 0% 1 » DL & B
g ima IVB B 3 ik 2% ¢ 73 Wb 21 4 5 40 L N 3K — 2%
N7 R PR P T VR R D i 0 R e 1

T 375 % £} (Saccharomyces cerevisiae) & — Flt L 4
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b 50 SERG Py s AEFE DL S B R A RS SR S
A0 B R B AT AN IE A A b TR R
5 4 B ) 2 TR A g T DRI A
FNS % BE AR A D b A B A% 1 5% 0 K Dy B 0 Jis 42
PG 0% A DI RE AN BUR HLEER L R B2k R . A
SO b WF 9 5 95 308 LegK3 St IR 9 1 BF (1 52 i, )
T FL BT 0 i A0 L R A T 3 AR BORL DS S 2 IR

ABFFEAT T S fi o

1 MRERIT A

1.1 ##
1.1.1 B #: KM & (Escherichia coli) DH5a: 3

K1Y supk44 AlacU169 (@80lacZAM15) hsdR17 recAl
endAl gyrA96 thi-relAl, Hil] K 24 1 AL W) 30 A% 24 S5
EAORAF; B B BE W303dA T Ak AR &Y MATa
ade2—l canl<00 his3-1, 15 Leu23, 112 trpl-d ura3-
Ly AR 27 SO 38 A 2 SE IR S AR A I8 il 2 [ T
Lp02 WAk I3 1 2 2% Ik Ak, ik PR &Y rpsL, HsdR ™,
Thy = >t A6 50 A= i B2 BIF 5T T 1S W6 T8 1 151 194
1.1.2 [RH:pESCHK: ] pESC-His (Strategene 2
) 28 T Ll R B ) A 2 S e o R B A
J R BN R R PUE SO RO R R PUE IR IR AF
L1.3 FET AT RIFFE N D)5
T4 DNA EF#: % B New England Biolabs 23 7], Taq
K pfu B4 [ TOYOBO 24w, DNA 3 [0 e ik 71 &
) B Omega A w), H T8 A #H Ik ) 5x loading buffer
Jt) H Fermentas /A W], anti-myc $t 44 J BRI AL 2
B b5 15 B9 =F P B 1gG Iy B Proteintech 72y &), anti—
PGK.anti-CPY ) § Invitrogen /A f » ¥ REH% 5 3L 1)
EIRH A Sigma v FEIEIRIEN LB H IR
HEVYPD B 97 L CSM-His e [ 5 8 7 5%
1.2 HEEAREHAOHE
BRI 7 A 080 36 1 LegK3 - RalF A LidA
i1 ORF J3= 41, 73 53 e v 58 48 4 389 P 51 1) b R 3 51 4
P1.P2 (LegK3) «P3.P4 (RalF) Al P5.P6 (LidA) , K
FH BamHI F1 Sall 1 Jg B4 P U0 6, 5t ki pESC-
HK w1 B 1 mye Fr BORs A 2008 8 1 238 4 )
FBe IR AR &

F1. AXIKKFAARSY

Table 1. Primers used in this study

primer sequence (5°—3) size /bp restriction enzyme
P1 CGCGGATCCGATGTTTGATAGAAATATAAAAGAAATA 37 BamHI

P2 ACGCGTCGACTAATTCAAAGCCTGAAT 27 Sall

P3 CGCGGATCCGATGCATCCAGAAATTGAAAA 30 BamHI

P4 ACGCGTCGACAAATTTTAATTGTCTACCTTTTTC 34 Sall

P5 CGCGGATCCGATGGCAAAAGATAACAAATCA 31 BamHI

P6 ACGCGTCGACTGATGTCTTGAATGGAGATAAA 32 Sall
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DLWE it 45 [ B L. pneumophila Lp02 [¥) 3 B 40
DNA 1E A BAR S 18 3 ARV A 1 ORF, J W 4% 11
:94°C 2 min; 94°C 15 s,55°C - 60°C 30 s, 68%C
75 =140 5,30 NMEH;68°C 10 min. @I 1.0 % K
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BH P e 12 EC R 40 5B AR AT 2
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He O RS20 773 Y B 4l N T 20N 8 9 ORF
1 AL ORE LA K pESCHK R 25 2 14 % A4 I8 3 1%
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(2% 7 %5 B%) W 4k B 77 2E,30°C 250 v/min 15 9% 24
ho ¥EEFEMLL 1:20 ¥ K859 %) 30 mL [f) CSM-His
(2% K 1 + 0. 1% % %5 B%) 044 15 72 2, 30°C .
250 r/min 553% 12 ho HUH o 15 mL B2 BE3E 7 WK
AWK BEIUE EE 11 )R I 15 mL B R B O iR
WA, 7 R, G PBS WS SR A 2 G A
15 mL CSM-His (2% 1= FLHl) ¥ 44 15 77 5 =5 8 4 14
30°C 250 r/min #5132 6 ho 6 h J5 Ml & 0D, ¥
TR BRI 3 55 7R T G B ddH, O [R] I R RS )
0D,y =1.0, Fi4% 10°.10 7' 010 “>F1 10 ~° [y #6 Ji 3k 47
Mike . W B3k 4 KR R I M B W 2 ) AE 3 Bk
CSM-His (2% % % 5 ) F1 CSM-His (2% 21 3L B%) T4
R REAT BB BE AN B KRR R B S 4 L FR Y
PR B OISR SRR B . B PRl B T 25°C,
30°C Il 35°C kAT 55 7%, & ANl B BCE RS 1
CSM-His (2% % % 5 ) F1 CSM-His (2% 2 3L BE) T4
F—HL3 -4 d 2 JE S R AT R
1.4 YENERREWNEEERBERIENREB Y
(CPY) B i 12 H]

1.4.1 M EHIFRIZR Western blot 2 F : ) 5 Uk
AT RIS ORI BERES i, 3500 x g B
A5 min, ¢ EiE, H 4°C TV (1 J0 3 PBS 35 36 B 4 2
U TN 1 mL 8 B A o BRVRUL A2 B TS BR R
1 1.5 mL B§.0 % 1, 10000 x g 2536 550 1 min, 3F
VS FRIRRR T . AR S E R AR T R (Fe e
g~ 1mL),mAi&EHR 0.1 mol/L &% 1k ¥ ¥k &

AR, =il E 20 mine # E 5 10000 x g = i B
A 1 min, 5 EVE 5 2.3 mg @ EF KA 50 pL
FR EL ) NN T 5 S x loading buffer F 8 1 14, Wk /K it
10 min j5 12000 x g B> 5 min, W B F 35 9 BRI A 5%
RER A S E A B REAT 10% 15 & kb g
17 SDS-PAGE Bt HL vk o FiL e ) 43 il R 2F 4k 22 L
F & 5% M g 45 %y i) TBST &} 14138 2, TBST ¥ 3
W5 anti-mye 5 yg B HLAR (A TBST fE 1: 1000 £ #
) =IRAEM 2 h, TBST P 3 K, 5 BAR i 4 1L 9
it b1 19 2 T R 1gG () TBST 4 1: 5000 %76 B =
WAERT 1 h, TBST pE¥s 3 U ¥ 5 E T 5% RO BN
R LRAIEAEE.
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PGK 4k ily H Image J R 4F @E AT 4548 20 B> 1F 50 Hh 5%
2 ) 28O0 R P AE AR N I AR AR B & PGK
WA 30 T BUAE antiPGK J anti-CPY 43 i) it
1T Western blot 73 #7, & ta H M 82 45 5 .

2 4R
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DA fith 25 [ 1R Lp02 1 i KT 241 DNA AR Sy 485 A sk
17 PCR 9 4% 13 1| LegK3. RalF A1 LidA % i & DX 1)
ORF Fr Bto 20k Bl . V) i 1§ D) T4 DNA 3% 4%
il 32 1% L B A K I AT B DHS o 1 7% PCR %58 [ 1
oA 7D P 55 00 TR 2 J5 K b B 1 T 2 34k DL
TR 2 48 A 43 ) B 4K TR TS 9 B B AR W3034 A
Wk PCR %8 5E 43 il Bk ik 2 A7 3 41 8046 R 2 AR 1
P BERE A 58 B T B PR N 2% 1 308 0] BRI A e o
2.2 MMEBEHREWETE

W SRSE I AT AR AR L FE T A F T 6 h J5 11
P BE T A WS SR IR B 1 A pESCHK # 4 |- 7
A c-myc br 24T Western blot 43 # 24 . & 1 7
FERERR AR P R B O g5 W 1 froR, REEH
RN ANAT RN S S B N U R G A S RIS
1, 1M 20 2% - FUHE kIS5 T 6 h J5 I % B T AR
BV RS AR 2 5444 F10 85 kDa Kby 3 4% 45, 43 5
5 LegK3 Ralf LidA (¥ 311 K/ — 80, & W & 1 i
5 RO HE 1A PR RE R AR A IR A
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1. Western blot 53 1 {1 & B £ BR B2 & Hh oy R &
15R

Figure 1. Expression analysis of effectors in S. cerevesiae by Western
blot. Lane 1, LegK3 uninduced; lane 2, Legk3 induced; lane 3,
LidA uninduced; lane 4, RalF uninduced; lane 5, LidA induced;
lane 6, RalF induced.

2.3 LegK3 xR B £ 89 % K M

I3 VRS AT Bk K LegK3 \ Rall ik #8044 1)
W 1 B 1A U B 9K B 0Dy, = 1.0, 4% 10°.10 7
1077010 7 () 6 J8 3 A7 #65 B¢ 5 4F CSM-His (2% 7 %
BiE) A CSMHis (2% - FLAE) 78R b k47 AUAR, 2o
CSM-His (2% - FLHE) 1E 415 S £ IE TR riBR 4
RS VST % A Sk TR T I A 1 R AR
PRAE— B0 AR IR A S . 1E X RalF %
T H AR 5 24 AR 4 14 S AF 25°C .30°C \35°C 3 ANl
JEE A PR R P R B AR VR E W E K. R IA
LegK3 [ B A4 7E 3 /UL S0 J% T ) A 38 B0 3% 5 1
A KRS B, e 35°C TR A Bk 9 s (R

2) o RiBREE R R W] LegK3 [ 314 AE 51 kS R Y 1% B
ot (1 AR DL, o R R 1 2R K AR AR )

’V Cellsf ™™= [ Cellsh e
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Figure 2. Growth defect of S. cerevesiae induced by expression of L.
pneumophila effectors. Each yeast strain was prepared as ten—fold
serial dilution and spotted onto selective plates containing 2%

glucose or 2% galactose.

LW JE T or Wb A s AT AR A B G R I8 i
) e R FE AR HEAT B0 5 A8 U 4 B8 By B ) S Y Ty
o Wh 2 M A B o AE B R S B 0 i O R b CPY
R T A D P B 1 38 v 2% e AR g S AR O R R T K 3
MIRE T H 7 KA R AEZML A 67kDa 3
69kDa Hf H 5 25 1) 61kDa. #7254 V. 8 H & Ik 5 X 1%
BER /N2 Hi i A2 AT 5 W ) 25 AR IAE CPY AT 44
FI AR T R B 1) B I AE AR, W3 T Western
blot HEAT HI . 45 345 5 47 % B UK LegK3 . LidA
SR K B A CSMHis (2% - FLAD) 16
BRI 5T 6 h, AR S T MR 5 1% BE TR A R
W B & @ LA Hfk antiPGK K anti-CPY
(Invitrogen) 43 5l #E 47 Western blot ¥ Il , H 7 PGK
fE NN 2. Western blot &5 Jt W /R KL T LegK3 X
IEXS B LidA 8 WAk 19 CPY BT 20 7 & A K
(67kDa) IR i ¥4 (p) L2 23 7 & A /s (61kDa) [ 1 24
A Cm) P A0 4% A7 02 23044 1R Bk ) A7 61kDa 1) A
gty (18 3) o S0 45 BRI LegK3 ) 435 X i
TR B 22360 5 11 CPY (¥ Bl 24 A7 75 8 3B AE H B
LegK3 1 J1) T B0 9% BE 1) /N 0 32 i i 442

s
& &
N \_}g.

— p(67kDa)
CPY — m(61kDa)

POK ———

B 3. MEEBREMERBES CPY I
Figure 3. Influence of effector expression on CPY in S.

cerevesiae. p: precursor of CPY; m: mature CPY.
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FCrh S Y5 A A R O B AL B S BIE ST 8N B
Dyfig B AE & A2 1) % 1 7%« 40 Heidtman %5 ) Jf]
S TP T 5 P B P S 058 2 T DR i 2 [ i 127 A R0
&R 21 A SN i R E a
Campodonico 55 WU ) FH B W % BF 4 b B A4 3 R0
TG B AN R Ralf AR GEF [ ) BE BL &
5 Ad iR R . “%ﬂﬁiﬁ?li]iﬂ"ﬁijﬂ’ﬂlj\]%#
B W 5% W0 TR A T 20 WA AR 2 N R
LRI R —. EREREAN W)ﬁﬂ%ﬂ%‘mi
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5, Horh COPIL /N il 47 53 56 B N Jot 9 31 i 2K 5 A4 1)
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GTP, J&i & 4l NN it M 5, 7E Secl6 WK FE T 5
Sec23 /24 Sec13/31 LI Je B2y 8 11 (Cargo) 41 2% A 11l
2 E &Y (pre-budding complex) I Hi #F B &
COPII /N1, # Ji H f GAP ( GTPase-activating
protein) ZfE ) Sec23 f# {k GTP /K fift, Arf-GTP 7
¥ ¥ . Arf-GDP Jf i B COPIL, 5¢ f& th 4F i 2.
COPIL Hy T & v 1% ) R Je ik, g A 5 1 v-
SNARE ( vesicle-soluble
protein receptor) 5 & /R 3 A& b 5 M 1) t-SNARE
(target-SNARE) iR Jj &5 45, e & 58 BT N i N 21 5
IRIEGRI NS it R Y o AR P Sk 4 R
W1, LegK3 1) S st 2 3 A0 1 I 9 9% BF 1) 2B 4G OF A
E CPY Fyf& th I & AR BL AR . 4 & /it is fan i) H A%
HERE, B S5 R AT LegK3 [ &AW e 44 1

MRS 1 BEFK) COPIL J 4%, AH N 3, 4 23 W B FUAZ A T2
AN h Y LegK3 WAR nl Be 2 4F 1] T ek 42
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WG KA T E BN EAE . W Wang 25844
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K I Secl3 /31 [f) 41 % Jo COPIL 1y JE ji 14 43 21 T 1k
2, £ W] p38 MAPK x| COPII i% 12 B 5 f1 i ¥ 1F
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A R B L 0 19 IR B SACL i 2R I il ik COPT /)
Y 3 i (0] 281 P 505 DT RS R T e 2R A 20 6 Ty
B o ARSI AT I LegK3 1R M E K 2 4 b7
W7 LegK3 1 45 #4301 p38 MAPK H A7 4 & (1) AH AL
PP G4 S h LegK3 43R CPY p#ux — 45 3, 3

N-ethylmaleimide-sensitive

fITHE D LegK3 7T i H 47 5 p38 MAPK A 8L i) & X
COPIL 3 72 (A1 il 110 3 T LegK3 7 18 fiti %2 4]
I BUE KSR R Rk — s B, A
I LegK3 2276 J 4 194 58 /5 391 % 9 6 D5 o
FI T p38 MAPK AR 5% ) Ty i i 78 4 #0741 i 3 40 L £
PN 4 24, DL B AT G R S 1 P R B O e 4
i 48k 0 ) 5 G o %TwSMMKXﬁa%
%ﬁ¢@%9%mwg U L S B 38 A
ﬁ“%a%ugsm¢%wmmﬁuﬁﬁ~ym
WF90. % bk, A SCITRT ST 45 R 4 LegK3 193 g
BFFCER W T 7 > 4 J5 G0 g 3 — 45 o 52 26 A4 I WL ok
FIVRE R, 6 T8 I 7 T 13— R 2% 288 A Wt 28 1
T A T T TG BE #5030 3 346
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Legionella pneumophila eukaryoticlike effector LegK3
inhibits growth of Saccharomyces cerevisiae and modulates
its vesicle trafficking pathway

Jiaming Wang "%, Xianghui Li **, Aifeng Chen ', Yongjun Lu >

' Guangdong Institute of Microbiology, State Key Laboratory of Applied Microbiology, South China (The MinistryProvince
Joint Development) , Guangzhou 510070, Guangdong Province, China

?School of Life Sciences and Biomedical Center, Sun Yatsen University, Guangzhou 510275, Guangdong Province,
China

*Jiangsu Information Institute of Science and Technology, Nanjing 210042, Jiangsu Province, China

Abstract: [Objective] To study biochemical functions of the Legionella pneumophila eukaryoticdike effector protein
LegK3, the budding yeast Saccharomyces cerevisiae was used as an alternative host in which growth defect induced by the
ectopic expression of LegK3 was assessed. [Methods] Using genomic DNA of the L. pneumophila strain Lp02 as
template, we respectively amplified and inserted the ORF sequences of legK3, ralF or lidA into the plasmid pESC-HK to
yield the ectopic-expression plasmids. Then, the recombination plasmids were transformed into the yeast strain W3014A.
With 2% —galactose induction, growth defect and carboxypeptidase Y (CPY) delay were determined simultaneously. In
parallel, total yeast proteins before or after induction were extracted and subjected to Immunoblot assay. For detecting the
expression of effector proteins or determining CPY delay, anti-c-myc or anti-PGK/ anti-CPY antibodies were utilized
respectively. [Results] The expression of LegK3 resulted in visible growth defect in yeast cells, together with obvious
retard in CPY processing. [Conclusion] L. pneumophila eukaryoticdike effector LegK3 might target and interfere with
the vesicle-trafficking pathways, thereby to inhibit the growth and division of host cells.
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