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A Preliminary Study on the Interaction Between MIpMCM4 and MIpHOG1

in Melampsora larici-populina

YANG Bing.CHEN Kai-yue,LI Zi-ye,ZHOU Xian-zhen,YU Dan”
(College of Forestry , Northwest A& F University ,Yangling 712100, Shaanzi ,China)

Abstract: The poplar leaf rust caused by Melampsora larici-populina is a serious threat to the poplar
growth. By family identification and the phylogenetic tree,it was found that ID 48743 from the Mip refer-
rence strain 98 AG31 was the ortholog gene of MCM4 from Saccharomyces cerevisiae ,so naming as MIpM-
CM4. The gene MIpMCM4 (whO03) was cloned and sequenced from M{lp Chinese strain, using urediospore
cDNA as template and the homology-based RT-PCR method. The coding sequence was 2 460 bp,encoding
819 amino acids. The deduced MIpMCM4 (wh03) protein contained the conserved domains, including
Walker A, Walker B and R-finger motifs,and Zn finger domain based on alignment analysis. By means of
the online bioinformatics tools,it was predicted that this protein was located at the nucleus region. No in-
teraction between MIpMCM4(wh03) and MIpHOG1(wh03) was detected in both the split-ubiquitin yeast
two hybrid system and the firefly luciferase complementary assay. It is inferred that the interaction may
need the exogenous osmotic pressure stimulation.
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MCM2, MCM3, MCM4, MCM5, MCM6 F1 MCM?7 ,
EATE RSN R E AW . MCM E A
A ATPase 2550, WAHKAE MCM box, H &% 4 fir
A MCM & HBA 3 MASTEF . 5B 14 Walk-
er A XTRL MCM 4553 1 )5 51 GDPXX(S/A)KS; 5
2 1~ Walker B, ¥ %1 & IDEFDKM; % 3 4~ R-fin-
ger, J¥FI4 4, SRED" . i B MCM % H H
AELE AR RPN E AR —e 27,
TERRE B RE R MCM 2 ZE5AE DNA S i i o
P ¥ BAE A, 9F H L 0. 4 M NaCl &b # 41 fitd
10 min 1E R SMIRE 7 FR 038 , {80 ) 4 g2 SE 0 TE F R
B HOGL & A & 7 5 45 5l 2 i 2 4 R 41 70 M E
R, B 4 % B HOGI BB 5 MCM4, CDC45,
PSF2,DPB2 J¢ CDC7 H.AE"

TEF B, MCM4 FEH B 58 3 248 o 78 BRI
[z ( Saccharomyces cerevisiae ) F %% 5 I
(Schizosaccharomyces pombe) P K Z& Gt , W45 47 7
FRRHCDC54 F1 CDC21 o B 45 A 42 3 R 4L K
I M E T AR W s I L A R % JEE S T ( Botryos pha-
eria dothidea) MCM H K 53 15 1 01, 31 40 B 17 HXF
T Ak W 0 360 19 o 2 AR AIE Sy ) D A SR R HE S Ay
Xof 3RS S0 1 B A LR (I T SR . T
H B TE M- 5 T (Melam psora larici-popu-
lina) RESEAR G W 51 A% B I B 0 L 10 5 T 32 7y
At T HE SR AG R A B X 78 T[0T A 44 T A BRRT Bl
POMR 0 22 4 A i O™ R R L T AN - i
B MCM PR KR R A5 i AR WA IE . i 5B
FAEWMIpHOGT H& N2 5% - Fa-1 i 55 1 1= 3
PR 22 R KA R R R B BT a8 A A A TR B L AR
F 5 3 3o 45 7 T A4 M A TR AR O TR AR MCM ik
PR R I R R R G2 K T 53 A DT Ay S8 MIC M A5 328
SR TG ) R v B R AT [ R AR MIpMCM 4 3 [
1) CDS J Bt X H 8 F Y HEA 5 AE 2547 B0
B e i B 2 Rl Ec R e B H s H 5 MIpHOGL
HHAMAHEAEINE O, A E S EMEA S M-
pHOGI H H B EAE X RIEMHR D).

1 M5
1.1 RIEAEFEF
1.1.1 RBHM EMR-WEE b EE %R

who3 S B Al R, K A 8 (Populus pur-
domi) TETRE VAT N TP % R I5 o s 1y
PR AT W OE B TE A K DR AE L BERE XU 4R A8 B IR
pDHBI1,pPR3-N, pDHBI-largeT F1 pDSL-AP53 L)
M9e ot & B ik B 2 K pCAMBIA1300-CLuc,
pCAMBIA1300-NLuc 4351 i1 75 b 4 bR 4 K 2 i

Py LA 2 e X 88 IR A B I A 4 S I =
KM FF 1 A2 25 40 DH5 o 1 A A6 5 3R E YR
ARAF . BERHESZ S NMYS51 RUR AT 5
AN GV3101 W [ b E AR R A BRA A
112 &4 M RNARBGAF &1 A QIA-
GEN A #] 5 ) # %3837 & . Phusion Plus DNA B &
fiti A1 Taq B H Thermo Scientific 23 7 ; i AR H B
4 B Phanta Max Super-Fidelity DNA Polymerase
N )l Clon Express Il One Step Cloning Kit Il H
Vazyme; pMDI19-T # &I H TAKARA 28 7] ;SC/-
Leu/-Trp Broth, SC/-Ade/-His/-Leu/-Trp Broth
il X-gal Wy [ A6 50 B R R R A 75 D3O R
PERA A S EAYBREARAE ., 51T IE
TSI R o A R e A D e A G 5 SR S S AR W B 4
A RS 7 (g 2 53780 58 1

1.2 RWH*E

L2.1 & AASAH W Plam 2 E (http://
pfam. xfam. org/) T 3 MCM Fk [F Z i A5 8 50 45
(PF00493) .3 hmmer £ 7E X H I (R D4
REE 1 20 48 3 S L 3R IO E B Y A O A
NCBI CDD %t ¥ & (https://www. ncbi. nlm. nih.
gov/Structure/bwrpsb/bwrpsb. cgi) ¥ H %, M T
ZERAAFTE MCM (PF00493) 3 5F 45 14 f8 1) )5 51
W 38 5o 07 8 1 2 1 90 B MEGAT. 0 % 5%,
gblocks MR SFIFH . die)m . H iqtree #4 £ 55 KAL)
R (Maximum likelihood) 8, % & “ — m” S
JH ModelFinder {45 2 55 2 J7° 51) 14 e A 85 AR AL
BE“—Db 1 000”RKMH 1000 KELZITHE KA R
K 50 7 (Bootstrap) ¥ 43 3 W] 5 Ve #E AT 1Al . A2 B
HIR SCHEE F MEGAT. 0 Bk & 5

1.2.2 B®AHE LK% H Rneasy Plant Mini Kit
1) B BT A M T A TS RNAL T A
F K 4 DNA 5 H Thermo Scientific Revert Aid
First Strand ¢cDNA Synthesis Kit i & & 85 —
it cDNA, ARV i FA -4 M 55 B bR E TR 98 AG31
(v1. 0" i Protein 1D 48743 Hy % X 5 51, Fil I 4k
{4 Primer Premier 5 #1145 P 1 51 4 48743-
uF1 fll 48743-uR2(F 2), PCR M AR 50 pl,
Hid cDNA #i#g 1.5 pL,10 uM RS54 2.5
pLs 2 X Phusion Plus PCR Master Mix 25 pl,
ddH,O 18. 5 pl., ¥ JF: 98 C HAE P 30 s;
98 ‘CAEPE 7 5,60 Cil k 10 5,72 CLZEAf 1 min
25 5,35 DMEH ;72 ‘CHEMH 5 min. 16 CLRAF., ¥ 3
FEIJE 7 PCR =M A 0.5 pl. Tag DNA R4
fi A1 0.5 L ANTP, 72 ‘C #E4# 30 min, 16 CAEAF.
FH 1.0 Yo SRR BE I F YK A PCR 47 19 7 9, SR )=
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Table 1

Species used in the phylogenetic analysis of the MCM family

Lk B e I I

FE AN M T (Melampsora larici-pop-

ulina) Mellpl. home. html

WS B (Cronartium quercuum 1. sp.

Sfusi forme) Croqul. home. html
INEFFEEWE (Puccinia graminis {. sp. triti-  https://mycocosm. jgi. doe.
ci) Pucgr2. home. html

KB (Ustilago maydis)

FI A (Mag e oryzae
FRHLE (Magnaporthe oryzae) Magorl. home. html

5&@%{@% (Fusarium graminearum) Fusgrl. home. html

WA

Schpol. home. html

SERH (Candi jcans
023K (Candida albicans) Canalb1. home. html

i TP e B https://yeastgenome. org/
L F IF 56 5 B (Hyaloperonospora arabi-  https://phycocosm. jgi. doe. gov/Hyaarl/
dopsidis) Hyaarl. home. html

https://mycocosm. jgi. doe.

https://mycocosm. jgi. doe.

https://mycocosm. jgi. doe. gov/Ustma2 _
2/Ustma2_2. home. html
https://mycocosm. jgi.
https://mycocosm. jgi.

https://mycocosm. jgi.

https://mycocosm. jgi.

/
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/
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WP, BRI

doe. gov/Magorl/ TR, S

doe. gov/Fusgrl/ TR A

doe. gov/Schpol/ TR AN

doe. gov/Canalbl/ & peour g ey 7 1
TR BT

O DX T 4 7 RO T 2 AR O R SR
L3 BT B AP R
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Table 2 Amplified primers used in this study

519 % %K SIHFHI (5 —>3")
48743-uF1 CGAACGCCATATCTTTGTCTAG
48743-uR2 AGCAGAATAAATGTGTTGTGATAG

AAGAACGCGGCCATTACGGCCATG-
PDHBIASTAS seal o\ \ cCACCATCTGCCGA
CGACATGGCCGAGGCGGCCAACAT-

PDHBIASTAS sedR oL G TGCATTATCATGCGE

R
s TSI
g r AACCTTOCAGICACTTACAT
GGGGACGAGCTCGGTACCATGGC-

LCUN-HIF CGATTTTGCCAAACTG

GTACGAGATCTGGTCGACAGCAG-

LEUNHIR CAGGGGCAGCAAGAC

1.2.3 BARARmEaEAHEZEFHIN FIH
TEZ AT ProtParam T F1 53 A H 9 5 P 4 4% 8
H AR HEARIE A BT, i A Clustalx1. 83 XA
HEEJFHNHEATZ 75 X, S8 )5 1 H GeneDoc A4
WA E ., H SOPMA 7k T 27 B /Y 3 H
Gt R A, 15 B 3 R AE L B EuK-
mPLoc 2. 0, WOLFPSORT #1 PROTCOMP fii il
BT H A B 20 i A X

2.4 ®ERER fHSGRERGHY I EMN
B MBI WK 2, Neo | 81 pDHBI #
& ,BamH 1 F1 EcoR 1 XM #E§Y] pPR3-N #k ik, H
2 R A ¥ MIpMCM4 (wh03) 3 ] F- BE A
MIpHOGI (wh03) 2K F Bt 43 5l i% #% 2 pDHBI #
PR BRL RN pPR3-N 2k 44 BT RL, W i A J5 3K 15 bait
Ak pDHB1-MIpMCM4 F1 prey A& pPR3-N-M/-
pHOGI , ¥R 45 0 1 20 480 14 50 A 3 2 1k 2 T B Jjk
TR NMYS51, ME 30 °C &1 T 4 4N A B
1) T B e A6 F 7F B B 15 97 3k SD-Trp-Leu Ml SD-
Trp-Leu-His-Ade 3% 3 d B9 4 K 1 00 . FF K
DL X-gal iy [ N IS ) B g 5 & A R ) . o
pDHBI1-largeT 5 pDSL-AP53 3t 4k %% 4k + Jy FH
PEXF I8, pDHB1-largeT 5 pPR3-N At #% {1k #: 4k 1
S BAE X R, pDHB1-MIpMCM41 5 pPR3-N 37k
AL+ BG4 .

1.2.5 &Kk E#mIAKE HHEHEELE
AETHMEM B eI MWL 2, Kpn 1 H
Sal 1 )25 8 4& pCAMBIA1300-CLuc 1 pCAM-
BIA1300-NLuc, FH2H 52 B i ) &% H i 5L
BEOy B B Z A A R I A S A A AR
pCAMBIA1300-CLuc-MIpMCM4 F1 pCAMBIA 1300-
NLuc-MIpHOGI , AR 3~4 A KHRIFHY
A EHH (Nicotiana benthamiana ) VE MR & Bk B %
KRG IR, K ARAT Y E 2 R A TR A A &
KA IR Z A GV3101. 25 % Chen 21 By )7
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WHE. 2 d RSN EMESSRIK D-IOLR M
W EE B 5 min, £ 26 % 6
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2 HEREHMN

TG RUECE AR 10 A BE X4 Bl i 28 11 90 op AT 4
KU E, SRS 65 kP, Hob 2 AR TSR
SN B AR SE S8 A I, TS 63 45 )% 51 M At B
KNSR R Ge kAl , 25 2 00, b LA 6 A4~ 43
XA AR MCM 5 K% 1 MCM2 . MCM3
MCM4, MCM5, MCM6 F1 MCM7 (|8 1), 1D 48743
(v1.0) MR B REMCM4 B R TR 7% M08 - 15 I

2.1 REEFENBE

& B hmmer 5% T #3151 MCM 3R E

100

PRUER PR 98AG3T Hh i A (R IR A [N i 44 Mip M-

CM1

H Rk # C.albicans 54709
AR #% 5 YBL023C MCM2
KRBV Fgraminearum 2997
oL G B M.oryzae 4296

S RERE S pombe 2801 mem?2
INEFF T P.graminis12711
100 FARRIE SR B C.quercuum 356950
100 V& M- ¥ 5 B M. larici-populina 76084
TR B Umaydis 8317

NP ST R B I H.arabidopsidis 12565
BT B H H.arabidopsidis 11554

F 2 TR Calbicans 58622
BRI B} YLR274W MCMS5
KRB Fgraminearum 7835
TEE 18 M.oryzae 2393

M EE R S pombe 1196 memS
NEFFS A Pgraminis 4227
WABRFESS B C.quercuum 83949

100

TEITRA - S B M. larici-populina 74054
KB E Umaydis 12197
Y\ IT 76 B H.arabidopsidis 8436
A Bk E Calbicans 58722
BRI A% B} YELO32W MCM3
KRBT E FEgraminearum 2200
BB M.oryzae 3972
INEN S Pgraminis 297
MR B C.quercuum 67827
Y& Fa-R S B M.larici-populina 34519

TR Umaydis 8557
ZUIEEE B S pombe 4336 mem3
P 7F FG 5 1 H.arabidopsidis 10849
B &Sk E Calbicans 60213

B % 5 YPRO19W MCM4

IERETE S pombe 4548 cde21
ARBUROHE F.graminearum 606
FEIE M.oryzae 1258

INEFF T P.graminis 9042

FARRAEAS B C.quercuum 663969

100

VEMFA-# W5 1 M. larici-populina 48743
TR EBRE Umaydis 8520

17 7 & 18 H.arabidopsidis 13975
B &Ik C.albicans 58879
BRI % 5} YBR202W MCM7
KRB E Fgraminearum 8215
B H M.oryzae 1265
R S pombe 3872 mem7
INEFFHETE P.graminis 6367
MRFERE T C.quercuum 656289

100

100

1

D Yy e 1 B0 A 2 6 A N ) B BOHE 2 b 1% B )T 5 (Protein 1ID) 5 2) H B SCRFRARE T 5 4,

Fig. 1

V&I RA- ¥ S B M. larici-populina 95211

TR U.maydis 13499

NI BB HE H.arabidopsidis 5497
13T 76 & 1§ H.arabidopsidis 1077

INENF ST Pgraminis 15302

FAMRAE 5 B C.quercuum 725310

100 74 M- Fa-# IHES B M. larici-populina 86241
TEWRA-A MBS B M. larici-populina 115157
100 L vt #A- #5845 B M.larici-populina 42573
FKEHE Umaydis 7174

HIEBEE] S pombe 3941 mem6

AREBEIE Fgraminearum 2825

I M.oryzae 11017

H GBIk E Calbicans 54549

AR B} YGL201C MCM6

B 1 MCM ERRKRRSGHLH

The Phylogenetic analysis of MCM family
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PAYE i FA- A7 S5 T v B I R who3 (T8 2A)
H A1+ cDNA R ¥ BEEHR ARG 1D 48743 (v1. 0) )75
BRSO R IR s e, P I 45 R R — N
RS H A R /N 2.5 kb 194 () 2B) . 1
it TA FERE R T 73 B 45 R R W, i H) 3845 who3
B 1D 48743 FEH %) CDS R BLL K~ 2 460 bp, $i%
FL R4 IMIpMCM4 (wh03) (GenBank OR751401)

MIpMCM4
M (whO03)

3000 bp—p
2000 bp—p

B
AL VE W RS- WIS T v 1 R R R who3 B RN AR R M RS B A R
7, B. )N who3 T bk 5 1§ cDNA 3§ 8MIpMCM4 KA F B
B2 BHEBEMIpMCM4 & PCR i 18
Fig. 2 PCR amplification of the MIpMCM4 fragment
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ScMCM4 289 —-LIBYDLDE IIRTKE YIAYE Y NVG-———————————— S C K€ — — —[GINE IR L INLIX&
D QYN FGLVNQSAQSSHISTGKEMOEGANKNDINNEEG| {C

NV[@DIsIT I IR T D®NE N S| L
VIPDMKJSA LS@GEIATT 1 CEPIRD V@GOG 3
LOETPDIY (GDRIRE VTGN g1 BIRO
NLOETPD@VPDGOTPHINYST.CVYDELVDIRS)SSG DRYE VTGRS IZRO
ScMCM4 451 RYLISSIRY Ny KVSD
MIpMCM4(wh03) 312 |SYTIMTIR 88T B)Y [ J= TI§R SDS

ScMCM4 496 EE-R-—-——- BT TDODLAKI
MIpMCM4(wh03) 372 QORYRGNT SNHETRAEMEERM

MIpMCM4(wh03) 132 IAGEDQIAML

ScMCM4
MIpMCM4(wh03)

ScMCM4  :
MIpMCM4(wh03)

2.3 HMERFRBERSIE

i FHAE R A ProtParam 43 871 25 B B AL 4 5T
28 B 7R MIpMCM4 (wh03) K& [H 4 5% 819 4> & 3t
PR, AHAT 535 90. 31 ku, B HELfr 22 ZE R 5% 2 (Asp+
Gluw) B 110 4>, 1k v fp 2= BL R 5k 5L (Arg+ Lys)
SECH 97 A, A U A H B 2 T IE HL
MIpMCM4 (wh03) F& X g% 5% 2 1 298 55 H 24 (pD
9 5. 78, B R . T0O () AN AR E FE ECh 44. 56, 4
it 40, HENE T ATRE H A

HMIpMCM4 (who3) 3 K 2 15 8 11 77 51 A R
W RERE MCM4 8 P 90 3E1T Lo X434, & 80 H 1 2R
HEA MCM EHILAB W 3 A~ EEIEF, Bl Walker
A(GDPXX(S/A)KS) ,Walker BAODEFDKM) I R-
finger(SRFD), it H A MCM4 26 U 4% 45 & 3L 7
(CX,CX i CX, , O (A 3,

iz Fl SOPMA LTI H i & 1 R 451 . B
7~ MIpMCM4 (wh03) 8 H 450 £ % h 4 ME
A A 4) 53510 41. 64 % 1 o-12iE (Alpha he-
lix) 6. 23% B B-¥% ff1 (B-turn) | 15. 26 % [¥) 4 fifl £
(Extended strand) F 36. 87 % ) JC #L ) % il (Ran-
dom coil) , H: o7 o B2 JE A1 JC FL ) & il o 32 G
g5

VPDGOTPHEEIST.CVY D DELV DSI@Ia¥\

KIsuR D\ TRy ——————————————— TI0ELMONK VINHNE Y
G L BERDGDSGVGRGGIGVGGEDDDGGNA LN
V. I DR Y
LSSINPIE T

IR DMKKGILLOLEGGT
S Wi MKKGILLOLEGGT

ScMCM4 549
MIpMCM4(wh03) 432

THKIWPR

TSGKGSSAVGLTA

Walker B

ScMCM4 604
MIpMCM4(wh03) 492

ScMCM4 664 NARSISILZ PNL
MIpMCM4(wh03) 552 NARJKS TAD

ETIN T DLP PR
IITIAN T DL.PPINL IS

R-finger

ScMCM4 724 IRTNIRGRNAS KiZF H T SOIBlS AT, T YIAKEHiNs85 T T DARGNNT VRA Y el MDD
MIpMCM4(wh03) 612 IBVGIRERARRIE-PT GGy T QTS FIARN RIS TIRNDEIC S SIRVSENY T S D)

1) VR &R 0 f 25 X 3R Jm PRI e MCMA (1) MCM box 85 #4388, e b i i 6 188 2k 7R Walker A\ Walker B Fl R-finger 3£)7;2) » RnHr 45 &

.

B3 MIpMCM4 (who3)E [ 5 F & 155

Fig. 3

f# F§ EuK-mPLoc. WOLFPSORT il PROT-
COMP X 3 FFAELE KA X MIpMCM4 (wh03) # H
FEAT 40 B 22 A7 U 43 AF . EuK-mPLoc T H #)

Conserved domains in the MIpMCM4 (wh03) protein

E A EMTEM M (Nucleus) X3, WOLFPSORT
1 PROTCOMP #4 1 & 75 20 i #% (Nuclear) [X 8
BB I S T b X 38, (26/27 Fi1 8. 84), L5 3 Fh
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Fig. 4 Prediction of secondary structure of the MIpMCM4 (wh03) protein

BT 45 5 HE T MIpMCMA4 (who3) 2 H % i 7
20 A% X
2.4 MIpMCM4 EB#1 MIpHOG1 EEHWEEX &
il By 18 B B 2% 58 52 AR o3 A 3w R A 45 R
MIpMCM4 # I #il MIpHOG1 5 2 & A 5 AR .
1E SD-Leu-Trp ¥ # # I+, FH M X} B (pDHBI-lar-
geT + pDSL-AP53) | FH 4 X} B (pDHBI1-largeT +
pPR3-N) & A #3% 41 (pDHB1-MIpMCM4 + pPR3-
N R IE# 42K . 7E SD-Leu-Trp-His-Ade 5535 3
s PR BROE A 4G, B E X BEOR BB A K B BT
HABAREAE K s Xogal G4 7 BHAE XS BRAZ 38, B PR

A

pDHB1-MIpMCM4+pPR3-N

pDHBI-large T+pDSL- A P53 (positive) @ & < ) .

pDHB1-largeT+pPR3-N(negtive)

B

pDHB1-MIpMCM4+pPR3-N-MIpHOG 1

pDHBI -largeT+pDSL- A P53(positive)

pDHB1-largeT+pPR3-N(negtive)

10°

10°

YRR A AR, A TRTE AR A AR (E S5A) . A
e, MIpMCM4 (wh03) J B g 11 2 1A BAT 3 0
A 7. BH M X BR L BT M 6 R & i 5 4 (pDHBI-
MIpMCM4 + pPR3-N-MIpHOG1) £ SD-Leu-Trp
Rige sk B e iEw £ K. 7 SD-Leu-Trp-His-Ade
B b, B X B OE 2R K, BT RO BB AR 4K
WIS A REA K s X-gal Ye (0 I8 7 BH P X B AR i
I3 P o A A A i X 2 A AR R (T 5B,
e FJH A B SE o 4y B2 R B WA L R G kB
MIpMCM4 (wh03) & A 4 15 & 1 fl MIpHOGI
(wh03) H K 4 ith 8 & NAFTEAHEAE R &R

SD-Leu-Trp-His-Ade

10° 10" 10° LacZ

SD-Leu-Trp-His-Ade

10° 10" 10°

AL BT AS I A5 2R 5 B 1 LA I 45 2R

=

Fig. 5

[ B i B0 32 R 9 50 3R i B AR S0 HEA T 43407
FEAT ) 1% R 2 56 BUR R B8 h WSS [R 41 6 H R i
5 X d, BH Pk X B8 pCAMBIA1300-CLuc-X 5
pCAMBIA1300-NLuc-Y 33k iy i R X 3 &2 B 9%
o (45 SRR B, 3 4 B PR X B pCAMBIA1300-
CLuc + pCAMBIA1300-NLuc, pCAMBIA1300-
CLuc-MIpMCM4 + pCAMBIA1300-NLuc, pCAM-
BIA1300-CLuc+ pCAMBIA1300-NLuc-MIpHOG1 , LA
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The interaction between MIpMCM4 and MIpHOGT1 detected by the yeast two-hybrid assay
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Fig. 6 The interaction between MIpMCM4 andMIpHOG1

detected by the firefly luciferase complementary assay
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