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B OE: (8] MEARMEXTEEE Pri AR &9 #/K pCambia-hph-Prl, #%k5% fa
BE, ARFGENNAR IR2ELEAR. [FE] ARAHEIK pCambia-Pnos-PNN-hph
HAERTLR, ¥ Prl AHE FHARAE BT PogpdA FedikF TtrpC X 18], %454 Pri &
B 69 &AM, AR B & LKA AR, AR AR RAT B A5 69 B4 #0ik 4010
KB E, WERHEMRGEDFHFER R G . [ER] E0hB Lt R EFHED)
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Abstract: [Objective] To construct a constructive expression vector pCambia-hph-Prl con-
taining a Pr1 ORF of Pythium guiyangense for transformation of the fungus to get a genetic
recombinant strain with enhanced virulence against mosquito larvae. [Methods] The Prl gene
expression vector was constructed using a binary vector as basic frame, and Prl gene was
placed between promoter PgpdA and terminator TtrpC. The recombinant strains were obtained
by Agrobacterium-mediated transformation system, with P. guiyangense mycelia as acceptor,
using vector pCambia-hph-Prl containing hygromycin B resistance gene as marker. The
biological characteristics and virulence to Culex larvae of the transformant were observed.
[Results] No distinct difference was found between wild-type stain and transformant in terms
of growth rate and zoospore yield. A transformed strain of the fungus with significantly im-
proved virulence was achieved. It caused an average larval death rate of 32.9% which was ap-
proximately double that of wild-type stain. Besides, the larvae exposed to transformant grew
obviously slower. [Conclusion] A genetically stable strain with higher virulence was obtained
by constitutive expression of Prl protease through Agrobacterium-mediated transformation.

(2. Eugenics Heredic Department, Maternal and Child Health Hospital, Guiyang, Guizhou 550003, China)
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T BHJE % Pythium guiyangense /2 i BH I 24 B¢
F 1994 4E5 BIFS B 1) —wk KM M, 2R
SEERAF ST UESE B B KRR o . BT
SFNTE R AT R A LSt A A
St g 2 sRit, A R R R R
W, SRR ORAREIARRE . HEH R
JIra ARG o X BRI PR 5 DL SN A%
(M7 SERIAR 37 WS o 3 Wa b 7/ i BTz Rl
HIEH TR R AEYPIG, B AT2 TR
o FEHE TREEOR T2 W H T AV AL SOE Y
SR, KRR AT AT T B WA E 1T,

L B I B R AR bR B R R R i — R
GWEE BT . JL T 0T PRI Tl 5 A G2 P 62
RHUREE, 51 22 = UL T RIFEH, 28
i B ORBEITE AU N FF A, AR R ORE 3R, &
Z PR AR, T BOE bR R U RsET
TEGE R, e BE AT 1R 25 1 (Subtilisin-like
protease, Pri)/ [ RUARRE ) B2 5P

St. Leger Riia 5L MR 4L itk g 23l R i 245
D G taFoarfmed Prl SR ASHEREIRFY, 75
ORI B R0 I 9k B v SR R AR G, AR T SRR I
WIS, (R HASRIZE%E T 25%, FH iAmcE
RE TR AKRRRY, %45 L, Prl & ARELH TR
SRR AR IR TT DU AR mZ I . AR
TRZH B sE 53] 1 519 bp 195 PSS Pri &
BT, Hrp s —4~ 969 bp HYSEEEMFF
BB EEAE FE IRt b, BT A A T AR
FAN BB B Prl 25 (BRI 5 A 5 BH S 25
TR, DU S0 TR

1 RS

1.1 RI#s

1.1.1 EMESRAL SRHEE R T 5% BHEE B
I E YIRS S MEAFT IR LBA4404 FiJiT
Hi pUCL8 H 5t KA FEMI 52 2, pSK-hph
H PG g 25 A W AR 5 0 5K gk AR 08 e
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PANT7-1 858 Z I 2 ; pCambia-Pnos-PNN-hph
ARSI E S, 51914 B 50 i i siag
(Invitrogen) A & 58 il

1.1.2  srH: SCEe R A RO A S = YL A 1%
RIFFRIEHAE ST Culex quingquefasciatus 5Bk .
1.1.3 EAEFE: KPYG, Hi#H(/L): HEHAM
1.50, BEREIR A 1.50, #5459 F 3.00, JH [ B
0.025, S fb55 0.11, F Kyl 1.00, FEAFHHE A
(9/L): MgSO,-7H,0 0.3, KH,PO, 0.3, NaCl 0.3,
Hi%BE 5.0, FHESREFEI(g/L): MgSO,7H,0 0.3,
KH,PO, 0.3, NaCl 0.3, JLT & 2.0, i 2.0, pH
6.0, YEP $iF5Jk(g/L): FE MK 10.0, BEREZEY)
10.0, E4k4h5.0, pH 7.2, IM 5553 (g/L): KH,PO,
1.45, K,HPO,2.05, NaCl 0.15, MgSO,-7H,0 0.50,
(NH4),S0, 0.50, CaCl, 0.07, FeSO,-7H,0 0.003,
CeH1,06-H,0 1.80, Hyl 5 mL, ZEIB/KERE
940 mL, 1x10° Pa {5 K 20 min, ¥ HJ5
B A 38 35 142 B A9 40 mL 1 mol/L MES F1 20 mL
10 mmol/L Z. Pt T 71 (AS).

114 FZERKF: Taq M. dNTP, T4 DNA &4
fiti . BRI UIES . CIAP, DNA marker 2504
TaKaRa 2~ Fl . Bl HEEme mscRl & . DNA Zlifk
G PRI E . WER B ShUERY
H Solarbio 23 7l . JIK# Suc-Ala-Ala-Pro-Phe-pNA |
o2 1 (L-3,4-dihydroxyphenylalanine, L-DOPA)
20 1 Sigma 23 o

12 FH%

1.2.1 EFHEE Prl EFERMTE: RIEHRIHEE
Prl & HEEE P9 (P50 5 B BN & ) A7k
11514 pri-F: 5-CGCGGATCCGACCCATTCCG
AAAGTCCAAG-3', 55| A BamH T EI{7 55;
prl-R: 5'-GGAAGATCTTACAACCGTCCTCCTAA
CAC-3', 5'uii5 | A Bgl 1T BV AT o JR B TE AR5
PRI EE L2 DNASL DIUHOIH, §738 Pri LK
F B PCR JZ W 214 94 °C 5 min; 94 °C 45 s, 59 °C
1 min, 72 °C 1 min, 3£ 30 4ME#F; 72 °C 10 min,

http://journals.im.ac.cn/wswxtbcn

1.2.2 ARMFRIEH K pCambia-hph-Prl B4
2 FHRE IR YIEE Hind TITF BamH T g4k
% pSK-hph, [l TtrpC A BE(770 bp), 5 FI#IH
MU ok pUCL8 &4k 1k, S BIAMm2 N
pUC18-TtrpC., Lk 5t FHIESEE SE I 41 DNA M AAR Y
#4Prl B, DIBEIEI, LARRSE VIR BamH T
A1 Bgl 1LXWEH, 153] Pri A BL(1 100 bp), S4H
Al Ak pUCL8-TtrpC &34k, FLH A
fir 44 4 pUC18-TtrpC-Prl, LA KL pAN7-1 Az,
P PgpdA FEL(ZY 2.1 kb), iz B,
Kpn I F1 BamH 1 g1, 540 [F] B 17 09 254k
pUC18-TtrpC-Prl % 4%, fir44 A pUC18-PgpdA-
pri-TtrpC, H Hind TITHLAEY] pUC18-PgpdA-Pri-
TtrpC, EIUL 2y 4.0 kb F B, 54 [ BE 41 i
pCambia-Pnos-PNN-hph #2551k . A5 tER
ik Pri Y2k {4 pCambia-hph-Pri, il AR
4¢AF 1 Agrobacterium tumefaciens LBA4404 0
—70 °C 1#1%.

123 RERXFHENSHPrl ERARMAREEN
BRI HOR IR R s . U ROk
pCambia-hph-Prl i) LBA4404 753555, &
200 umol/L AS ) YEP Ak 7%3k 28 °C k55
Frehn, HSRMEER2ZIES, 26 °C 1idt 24 h,
FE B, A 200 umol/L AS Y IM B53:5E,
26 °C Ki3% 48 h, BIRULE, KziR G iR E
KPYG, -4 I (7 200 mg/L #i55 % B #1200 mg/L
SAEEER), 26 °C B H i K

1.2.4 FEZEHIEER hph B85 PCR #&0: 54

hphR: 5'-TTCGATGTAGGAGGGCGTGGAT-3';
hphF: 5'-CGCGTCTGCTGCTCCATACAAG-3',, 41

S| L5 BH S 2 B A R AL R BE PR 2H DNAA s
#4T PCR 414 .PCR 444 94 °C 4 min; 94 °C 45 s,
60 °C | min, 72 °C 1.5 min, 3t 35 MF#R; 72 °C
10 min,

125 Prl EHEEFRMENE: BFA4 R MEE IR



XNPEEE: MR A S0 Pri 3% PR7E 5 BH R 45 10 41 itk 2234 759

O3 TES TR IR S LA IR B 35 3 R PR35 B R
24 h, BUEFEM 4 °C. 13000 r/min &0, FIEW
BIA MR . A& — M IR Suc-Ala-Ala-
Pro-Phe-pNA HEfT Pri1 2& (ARSI e, s
PANE UHAE pH 8.0, 28 °C &4 F, Horahdiz
LMY Ago 34N 0.1 PR iy B, % D
TR E B i, TP T
1.2.6 EEhAFRIEASITE: B RHEET
KPYG, #5773 45597 7 d J&, 30 mL K Z&18 /K
A EAR 15 mm {2 223, 25 °C #iiE 24 h,
BRI, HU 50 pL VEARTIFIA 10 pl A 04,
TRA1, HCE 10-15 min, B R shf 112,
127 H$YNE— KK SwHESEEMT
KPYG, 5557 7 d J5. HUHERME, BEA 100 mL 7K,
FA 25 H I8 SUE 4 M H 44 15 mm 1Y
2 P 223, A 6 T A% TR Rk . 25 X
M BRMWEE—IK, BUBIET- 4 fugiss, KNG
P23 RIR Rl B TOIR 22 8 (RIS 5 24 h 7
ik, WA IR IR, ESIEE 10 dP,
128 B ABMELEHNE: B HEE
FEALARRNEF A= BRADEE 5 d (B4 45 20 H, A
pH 6.0 FBFRELZZ vhi L mL, VK EWFEE . 4 °C,
12 000 r/min ZWRE.L, Fe TSR T R A i
HORL BT o B ARG PRI . ORI 100 L,
FHMA 0.01 mol/L W )i L- DOPA 100 pl, —
ANB G BN N IR R bR e B A
(1) Agoo 27 0.001 FT 5 IR EE . 25 Th s i vl
EEASR, R,
1.3 HFitFaE

SERHEZE SPSS 11.5 HUIKSE AT Ak £

2 HiR

2.1 Prl @A EFRIEH K pCambia-hph-Prl &Y
MI3E 5 g5
ik 1.2.1 9 5 PRI RS Pr 3k A B, 3%

R/ 1100 bp R B, ST R BR/h—
/. MFEEHR2Z BLAST X5 5HIES Pri &
HUTHIRAE], #rs 1.2.2 8T LS Pk
LA hph SRR IC, K HAEER Prl & T HE
HINAME R ST PgpdA 2 F, M T #ik ik
pCambia-hph-Prl (& 1), H BamH T 4]
pCambia-hph-Prl #EATEUE, YIF K/NG5125 K
16.3 kb F12.8 kb 557 (1 2), 52BN 251
T B R NHAT o Bz R T AR AR AT
LBA4404 FitkH, T 5t R R st e i1

GUSPIlus
N

1 pCambia-hph-Prl ik &R EE
Fig. 1 Diagram of the pCambia-hph-Prl vector

bp M 1 bp
15 000—

4 000—

2500— —2 800

2 Eg)ELH KL pCambia-hph-prl

Fig. 2 The restriction map of the vector pCam-
bia-hph-prl digested by BamH 1

1 M: DNA 43 T4, 1: BamH [ li#t]] pCambia-hph-prl
eI 4.

Note: M: Marker wind rang marker 500—15 000; 1: The prod-
uct of pCambia-hph-pr1l digested by BamH 1.

http://journals.im.ac.cn/wswxtbcn
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22 HPIABEHRRERETE

it 1.2.3 Jrik, fEEREREIRAL FREFR 2-3 d,
AL S P R P 22 2R K o BEALPRIGX LEi R R T
VETE 222 250054 200 mo/L 1% X B Ak
FERGFRIE DR, IE A K B 22 AR5 1 R e
fbF HREPT M TR R HE R 4] DNA, DIJEF 4] DNA
SRR, R YU BT 5 1 T PCR &S
D, L pkaniE 3 Won, SR A AR AR A B
BRSPS, PRI 1 324 780 bp
1y HERHT

bp M 1 2 3 4 5 bp

2 000—

1 000—
800—

400—

—780

200—

3 PCR ¥ E#ERMHEERE hph I LT

Fig. 3 PCR analysis by amplifying hph gene of trans-
formant

: M: DNA 4> F=45iE; 10 ki pCambia-hph-Pri; 2., 3,
4: FEALRE; 50 BFAERK.

Note: M: 200 bp DNA ladder ; 1: Plasmid pCambia-hph-Pr1 ;
2, 3, 4: Transformants; 5: Wild-type strain.

2.3 RFAE SRR E AN

WKHALFIEA SRR B 1Y KPYG, itk
SR, S 104X, RS HEER R A AN
W R R MG LG, W 72 h ST
PR SR BH A A kA K B A BRI
W Z EIIH, MR B WEIAF] 150 mg/L
i, RIS EANE . SRR AR A K
O SRR B IR TCHICH:, SEAMRfEIERE
PEREFREL LA KRB TE A . 22 500 (6 1), &H
AL T T ARRE AL 1

http://journals.im.ac.cn/wswxtbcn

*1 RMABEEHFERSEUKNIRKRESER
BAMETEEEKER

Table 1 Colony diameters of wild-type stain and
transformant on agar plates with different concentra-
tions of hygromycinB

22 HAR
MR BWE Colony diameters (cm)
Concentration of hygro- P AR R
menB (oL wieype o
stain
0 6.98+0.15a 6.99+0.08
50 4.82+0.09b 6.98+0.10
100 1.82+0.22c 6.95+0.04
150 Oc 7.04+0.06
200 Oc 6.94+0.07
300 Oc 6.95+0.07

T [ 3 il A AN R R R 18] 9 22 5 Gt o2
P<0.05.

Note: There is significant difference between data followed by
different letters in the same array, P<0.05.

2.4 FeiLEk Prl EEEES T

TE WG i S BRI R, Befbbriy Prl 4R
H RS PR TEPAERE, (B8t 2 i i
FNEZE S AT R AL TR R (A 4
FEIE PR A ) Prl A REK T E S T
B RGERR (R 2).

R2 FEEFEPNEARBEREDRIEEEE
ERRFIEELIRRY Prl EEEEE

Table 2  Prl activity of wild-type stain and trans-
formant in induction medium of cicada cuticle and in
basic salt medium supplemented with 0.5% glucose

Prl 25 I B LU B
bk : Pi;l 3a:%(:t%lwty [U/(mg.min)]
Strain ﬁbf EE : AR BRI
Ll U iz Basic salt medium
cuticle
. bk . 109.39+21.40 21.40+4.76a
Wild-type stain
A 141.95+12.31 104.58+13.07b
Transformant

T [ 3 il A AN R R R 18] 9 22 5 Gt o2
P<0.05.

Note: There is significant difference between data followed by
different letters in the same array, P<0.05.
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25 RIABSBHURELENBTFE
Geitor A R IR AR MRS S AL MR B Tl Sh 1

FRBOR A2 (3R 3).
x3 RMEBEBFERSEUKRNENAT ==
Table 3  Zoospore production of wild-type stain
and transformant
LS lirshifl 7= i
Strain Zoospore production (x10%/mL)
. bk . 2.43+£0.25
Wild-type stain
ALk 2.27£0.73
Transformant

2.6 RFAREFHLHELE G

BEA IR 18 TSSO LU B A Ak R SCICR 3
BT T, IAEY 33%, H R fEik Y
54.7%, Wi LA A PR R S X4 Hifk
MR GETH AT R, S bR AL B 2 d Ak i 32
AT AE MR A () BR AL B A4 4 L (3R 4) . 9E
ToICA A NS, XoF R ZH AE T 050 &l H = (AR i
KA, RETLELARK, AR IRATET B4
TP RS, 94% P AR A TR 22 1AL K S bk
AL FRLA BT Iy B R R Ak, N 5.4%)7 AR
T AT L 22 R A 4K

*4 RIHEBHFERSHLRRRIBFENLER

Table 4 Insecticidal activity and pupation rates of

wild-type stain and transformant to Culex qunquifa-
ciatus larvae

ik ey BT NATES
Strain Mortality of mos- Pupation
quito larvae (%) rates (%)
23 1 % IR
=X 0.7+1.2a 98.52+1.22a
Blank control
. bk . 16.7+13.0b 94.82+0.95a
Wild-type stain
Fepek 32.9+19.2¢c 36.12+1.47b
Transformant

T [ =3 hiie A A R 7R A RO ) 9 25 52 A e
P<0.05.

Note: There is significant difference between data followed by
different letters in the same array, P<0.05.

2.7 EPAEE LRI IS RIKEY S (L BETE
4 B 22 i

e FL 8 B A R NG AR AL PR A gl o,
Py S AR TR 3 e TS R R, i Ak kAl
A e &y oy AR LS PR A o T A AR, (H22
AN (K 5),

x5 RIABBITERFIGEULIRLIE
B4 REAE LEETE

Table 5 Phenoloxidase activity of Culex larvae after
being exposed to wild-type strain and transformant

M R Al LU

S?*ﬁ Phenoloxidase activity
: [U/(mg.min)]
23 [ %) HE
S 4.630.12a
Blank control
i L - 8.90+0.15b
Wild-type stain
Fefeh 10.48+0.46b
Transformant

TE: A AN BRI R Y 22 A geit 7 8 X, P<<0.05.
Note: There is significant difference between data followed by
different letters , P<0.05.

3 i

A S HRAS T s AL RS UE 1Y 5t PH R A Ak
PR, TEARFS g A A Prl S TS L
m TR AR, UL Prl R AR 7R IR
ST RES LR R o TAE A 5 1
FrHE, SRR Pri B RS PR AR AR
B TRERR, (BGEHorir RUX Fh 22 7oA B
Fo X5 T EBFEERA AR R A R IR
TR A B LR CDEP-1 e LT Al R A
Bbchit-1 T2 B A2 AW, XA 15 TR H
S HEGE B PCR 83 Western-Blotting 2577 1=
HE— L I0IE, IR AR SEAS 56 R B 2R L 0 4%
T, SRR R A B B A bk Pri JEDH %
& MRNA 5 3R5A Pri 8 FBAKCE 122 5 Wi
o 5t BHE R 77 LB 142 Y B0y i) 200 B 45 1
S50 R A Pri BEPR A5 ) 5t PH I 25 10 7
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fiuRE A K BE

2007 AT 5t PH i 25 A= 780 TR AR X B0 I 4Ty
A AN e R, YR 23.7%+13.0%,
5o Bt LA W A, R, S
B B A U TR R X B4 T I 4 T R R A
16.7%+13.0%, TERITE0EE N TR
FErh, RAREE RIEEA R . PRI FRATH R
BREDH: | 20 TREAIGE B TR AR S AR LI &
FPRAEE ST o ARV AR AT A 209 Prl ZERITE
RIS R S A Tk, PAS IR AR B
I AT R B AR = o FRATHED T LR LA R
Rl: (1) 765 PHIE R I B AE U TR AR, Prl 2R (S
PRI 5 2 E B U BE (15 5 T A Re R L, I HA
FEUF B 46 5 7E B R AARE LI, 43 Prl 22
fif 1 FH . HUPARBE Jy s o T AR T 4 B 1 2R3k
Pri g I, 1EiEshfl5-BE i) BEC K35 Pri g
FE, MEshfF A G WiES Prl & AEER™
A, PR AR IR KR, R R RE
Fro (2) NG HYHALPRAE B Bl i 4TS SR 4 A
PERIE Prl M, AT RERIRAF 00 IE H A TS
3, W AE )7, (3) St. Leger 2 7/ L B
0 e = W A O I 1 (i e 7 e ¢ 1R
ELrb A Pra, o i A A HRBT Prl i 2R
FUKEERIC, FEfE b bR BRI gy s A, 72
AT Z R AR, DAmEIERIAR Prl R H
T (R K VR, RIESE, 1 SR A /KT T et e 3K
T HAAEERACE R T, R g R R
Jumg el i, B R R, AR R B ks,
ABOT ", T ALPRAL R &) B 1 S AL Bt T
BE B SR E THP A RN A, (HR2ZEF AR,
X5 St Leger MZERA—E, AIEEEH T St
Leger >k F ELHZ3 5 Pri 5 1B, HUHHRD R4
TRFRR, 5 F 3RO 2 % 00 bk B FH T A, g s
HHL(F L)VERFUIN, MELLARAS I 08k i it
WL o PIMTFRATTR A AR S W, 15201/
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FHEFRCE AL 1 I . AN R LRy
PO, DAIMAINAYE A PO TG, X AT g 3L
5 BH A % 18 BT A TR 4 2 1 v R e &l LA
AKBCRMIRR A
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