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Primer Sequence (5”7 —3")

Pscamk-S ATGAGCAGTCAGCATAATATCCAA
Pscamk-AS CTATGGATTTTCTTTCATTTGTTG
Q-Pscamk-R-S AGAACGAAGGACAGCAGC
Q-Pscamk-R-AS GGAGGACTTTCATTAACGG
PsEF-R-S TTCGCCGTCCGTGATATGAGACAA
PsEF-R-AS ATGCGTATCATGGTGGTGGAGTGA
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AN % d i, (hitp: //www. ch. embnet. org/cgi-bin/
TMPRED _form_parser) }% Expasy ™ 3 [ 8 1148 #7 T
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1298

Juan Qin et al. /Acta Microbiologica Sinica (2014) 54 (11)

1.6 KNI QBN EXRFEEMT
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ATP-Binding region

AdChME <. ..MASPTEENSTASPKECAEPSCVCACREKT SYSVVR. ... .. ECVHIHNTGRYYEARTINCKL 62
CgCaMK e MTTNGSDEE. . .. . CVCPCREEV SYSVVE. ..... ECVHIDIGR VINKERL 51
AnCMKB fesaaaaas MAQVCPCGOKE. . ... KVCPCREET LYSVVE. ..... ECVHIDIGQ VINERL 52
PnCaMKB = ........c.iiiiiiiiiaiiaciciiiaacanccsiaaaacananaana MASNCASCACTECTCA. . ... CVCPCREKT SYSVVE. ..... ECVHIDIGR VINKRL 58

PsCaMK MSSQBNIQIP..SSTTSSSICSSPAS. TEPSPCLSVSTSALESSNSDRSSSTSQCESECESNLEHL TFTITCEATAACKKTE
PgCaMK MSSOHNIQEHSVSTTSSSSLCSSVSSRNLACHRLSTSTSVLESSHEAKSSEASQ . ENTCDSSLENCIFTITCEALB ACKKTG
ScCaMKII

NKHGSTWRIAPNNESNRIHSSSK LVYRDK 117
NWGSIWR ISPNNESNREHSSSK LVYRDK 119
................................ MPKESEVINSEFHVDVCDEERLNGHEVAKFINKI SGQEESYMNRTING I Fi SEGVVE. . .. ..CARKLSINEL TILERA 82

S/T active site
AdCHMK MAE. .. REHMVENBIAIKKVSNG BB IITIVCYFETMNNIFLVTCIRLGCELFLRICRKGSYFESLPALL IEATHSAVAYIECHGT LLERTPED. .. . 173
CgCaMK MAe. .. .REHMNVRNA IAVMMKKVSMG .2 ONTITIVEYFETMNNINLVT LI I GCELIFCRICRKGSYYESCRAACL TFATM EAVAYTRICHCT LLERTPED. ... 162
AnCMKB Me. .. .REHMVRNA TATIKOVSTG RN TITIVEY FETMNNIQLVT LI L GCELFCRICRKGSYYESCRACLVEA IWSAVAYIRICHGT LLERTPED. ... 163
PnCaMKE M. .. .REHMVEN@IAWIKRVSMG .iRR T TIVLYFETMNNINLVTCIEIGCET FLRICRKGNY YESLPALT TFATMSAVAYIETHGT LLERTPED. .. . 169
PsCaMK SHETTATKIKSLWIAEK MR FKES HEBRVIRVSSEI ITES, MALLTMIEHEATLNVKLCER. . . SARVRRYERGIMEGT DELERSEV WVLSAELEEVL IDFGEA 232
PgCaMK SHETTATREAMVENZFK MR L FKFA HE PN TLRVSSET ITES . NALLTMAEH FATLSVRLGER . . . SARVRRYIRGIMCGTDELZCHGT WV SVELE VL IDFGEA 234
ScCaMKII  LC{ENNV.QLOMLYRAL STMCKLS . . . ENIVSEKCWEESKDKENIVICIR TGCELFLRIL SRGKE TEVEAVELL VO IMCAVEYMS SKNV WLYVCKSE. .. .NSPIV 194

AdChbMK LSRIMDEERFEVLITT TN LLCEYNIDRDSN LEEMCAL L KACYKEEE . ACYWSD . . . IEENAKDEIRRONT TINEK As P . AHAAMERPE 2817
CgCaMK LSRIMDEECFHVITTT I FLIGeYNIDROSLF EEMCATI L NACYSFTE . FLYWRG. . . VEEFAKDEIRKQUT [DEEK HeMT . AHEAMOHPF 276
AnCMKB LSRIMDEECLEVITTT LITMEMIQEYTIFIDRETNLEEVCATATANFSFTE . VEYWRG . . . VEOEARDETKRQUT VMISK HEMT . AHCAMOHPW 271
PnCaMKB LSRIMDEECFHVITTT TThELL DROSNLEEMCALI VACYSETE . LEYWEG . . .VELTAREE IRRCUT VIN2 A J3MT . SHEAMSHPW 283
PsCaMK DYAQTTEKRPEWSILSI SHEVTLEFVV IR TIMENNFKEEFL SKEALEVY YORTIKGDELGFH VIR TELRHLT SSMIK FMEK IS T.C. SCSEAMVEPE 352
PgCaMK DYAETTEKRPEWSILS] SHEVTLNFEIVVER R INFKEEFL SKEALEVY YORTIKAEFIGFHTIR TE LRQLL VI MIR FIRSK FIsL.C SCSAGUARSE 354
ScCaMKII  JAKQLKGE .ECLIYKR SIEVITNTLL IAESVECFMEECIASRYFVIFHMEYWLN. . IR TLVEREILEAMRINBATIPT . ATEIMDCPW 308

AdCbMK ICEDCP..... ERE...AD
CgCaMK VAGYINC. .. .ECEG..CN
AnCMKB INEBYDTT. . .BLIGSGED:
PnCaMKB WALLCREG.. .EGE. ..ED
PsCaMK LRRPISSDESVRRFALERT
PgCaMK ERRPISSEMSVRRRTLERT]

IMDTIFATINKLREG. ... .......... GMMEGALSESAEENQKERQE . . ENCEATELWQG . TACPATARGIWSKS. . .. .. ... 373
EMDTVEAINKLREGC. .. .. .. ... Q .NIMEE AKSREEDRGLKSPEN. AKKDESA I SMCNTNHKDSGYGTCPEACNENLVCHD 3717
BMDTVEATINRLRENC. .. ........ G . LMMEGIMSVDEKFEHWNGS . . EVVELRTTFREBRENETAME IDSRSNARGCTEQC TR 380
EMDTIFATINCEFAGC. ..o vuuu v GPAMMEGIRSNEER. ...RG.....APEANIFQEAELELPMEIDSRGNGHGCTEEN TK 3717
EMRRICOISCNSESKSLSFAATSSSIGRRAGNNIT ETKERAKIMEENE . CGTPCSE PRKNRLTPTREILARKS INTPTEFRCKR 470
EMRRICOUNFQSESRSNSITTTRSFTIKRYGNNIT FTKERAK AN FELEPQSTRCSESRRTRLTPTREVIAFRTINTPTEFREKR 474

ScCaMKII  TISKRV..... ETs....N ME IVELNNRIKRLENN. .. ... YSIGLCDCDNDIEENSINESIECGVT . BSIDELRLCSCRKCGELTEEQMELESALTKLAEVQ 412
BOCRME. i e % 6raha: 0-80u 88 64aRiae 506 a-8os Se) 8 310 oo 8B 0o e o 373
CgCaMK RCGTTPTSVEASIRVEAVSRTRSIRCAKCCCAVPCCLESLEAV. . 420
AnCMKB ECERKVKETVAGIWSRTAPRSER.. ... ....covcnannn..s . 403
PnCaMKB ECERRIRETQCGIRSER . s v v ve et ivivne et rasnniinatasssasnraannssansnnns 394
PsCaMK AEAPESVTENSLTVKEVCS . PETEATHTRVSLSTTKSESAREAVMSPRILCAKRVSVQRVELQCOMKEN 538
PgCaMK VIVPLRERENSEAVKTETSSPFREAFRKRVEPESFKSELSQRTVLSPRGSBLKKLLVQRPTLQCRVKEN 543
ScCaMKII ~ IVEARTKNRHKVIAGEEEDLSKKTLHLDBESKSEL.........cviierreinnnnnnnnnnnrenas 447

1. NEFHHE PsCaMK 5 H b EE 89 CaMK & EFRF 5 b Xt
Figure 1. Multiple sequence alignment of PsCaMK and other fungal CaMK proteins. Amino acid residues identical among seven CaMK proteins are
shaded in black while residues identical above 3 are shaded in grey. ATP-binding region, S/T active site and CaM-binding domain are indicated.
CgCaMK: Colletotrichum gloeosporioides ( AAC62515) ; AnCMKB: Aspergillus nidulans (XP_660016) ; PnCMKB: Parastago nosporanodorum
(ABD59787) ; PsCaMK: Puccinia striiformis f. sp. tritici (KF989486) ; PgCaMK: Puccinia graminis f. sp. tritici (XP_003322483) ; AdCbMK:
Arthrobotrys dactyloides (AAG43970) ; ScCaMKII: Saccharomyces cerevisiae (BAA14384) .
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Trichosporon asahii CAMK (EKD02168) _J

Lt 5 4

Figure 2. Phylogenetic tree of PsCaMK and CaMK proteins from other organisms. Numbers in parentheses reprsent the sequences’ accession

number in GenBank. Numbers in square brackets indicate the clone number out of the total clones. The number at each branch points is the

percentage supported by bootstrap. Bar, 10% sequence divergence.
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120 168

B 3. AERFEAZFFER Pscamk B EFixKT
B E  E = PCR 2 4f
Figure 3. Real-time RT-PCR analysis of Pscamk expression at

different infection stages of Pst. us: urediospore.
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SE A7), J00E Ik 5 CaM 45 A S AE HOVE T
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5N R A T T R T TG &R AR SR
ANTR MR B 1 KN-93 5 3 % /N 42 4 65 1 = 1l 1 gk A7
b B, W 5 IL A B S IR B AT NG Bl TR A
Pscamk JERIFEALFE 5 4.6.8.10 h (KL &, LG
TR A B 1) 4% 45 B B 1 RO TR R R S e R
FABHE M T W R IE S I 8, gk 45 1
F0] (4, B 5), b KN-93 005 30w B 110 32 5,

70 7
4
60 1

50 1

Germanation rate/%

0 T T T T T
0.6 0.8 1.0 1.2 1.4

c(KN-93)/(umol/L)

E 4. FERE KNI HEFHEBMTFHEL
B %2 MR
Figure 4. Effect of different concentrations of KN-93

on the germination of Pst uredionspores.

G 45 R A0 T 1 R e 0 W PR AR, 2 KIN-93 3k FE ik )
1.4 pmol /L I, 585 W S A 1T R F AN 8.02% »
XS 12% o 52 AL 45 R W], Pscamk {E X [
AbFE 6 h N IA B IE R AT 11033 £%, i A
1.4 pwmol/L KN-93 ¥ AL ¥ 6 h )5 Pscamk 15 &
B R B A 6 IR AR ) 3. 62% (1 6) « DL b4
RFWY] KN-O3 B ] /N A2 S B5 W CaM R
CaMK 5 [0 45 & T3 i) /s 22 2 45 1 2408 1 10 1E
WK

T
BS5 NEEFHEBTEKNS MMBEHEKPHEL
R

Figure 5. Germination of Pst uredionspores under KN-93 treatment and
distilled water incubation. A: Germination of Pst uredionspores in
distilled water after 10 h incubation at 9°C; B: Germination of Pst

uredionspores with 1.4 pmol/L KN-93 after 10 h incubation at 9°C.
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Figure 6. Relative expression of Pscamk suppressed by KN-93.
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Function of a calcium-dependent protein Kkinase gene
Pscamk in Puccinia striiformis f. sp. tritici

Juan Qin, Chuanming Huang, Fuxin He, Xiaoguo Zhu, Yang Zhang,

Zhensheng Kang , Jun Guo
State Key Laboratory of Crop Stress Biology for Arid Areas and College of Plant Protection, Northwest A & F University,
Yangling 712100, Shaanxi Province, China

Abstract: [Objective] To clone calcium-dependent protein kinase gene (camk) from Puccinia striiformis f. sp. tritici
(Pst) and analyze its function. [Methods] The ¢cDNA fulldength of Pscamk was isolated by using reverse transcriptional—
PCR (RT-PCR) , and gene expression profile at different morphological stages was analyzed via quantitative real-time —
PCR (qRT-PCR) . Pst urediospores were treated with CaMK suppressor KN-93 and germination rate was investigated.
[Results] A gene cDNA fulldength with 1 620 bp was obtained and designated as Pscamk. qRT-PCR analysis showed
Pscamk expression was highly induced in the early stages of Pst¢ infection and reached the maximum at 6 h post inoculation
(hpi) as 20. 74fold as that in the control (0 hpi). With increasing of the concentration of CaMK suppressor KN-93,
germination rate of Pst urediospores was gradually decreased. The germination rate was reduced to 8. 02% , only 12% of
the control, under 1.4 pmol/L KN-93 treatment at 10 h after incubation at 9 °C. [Coneclusion] Pscamk might play a role
in germination and germ tube elongation of Pst urediospores. This study provides a basis for exploring pathogenesis of
calcium signaling pathway during Pst infection.

Keywords: stripe rust, calcium-dependent protein kinase, CaMK suppressor KN-93, qRT-PCR
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