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WLZES MY 0.5~1.5 cm, B F Christ/Alphal-2
BUR T RN HEAT T8 . B2 0% T 0 RE i DA P 356
I, RS 46 5 W5 45, Fl NeoScope JCM-5000 & 2
i LB AT SR
1.3 gfp BEERIEZAN LYMC-3 ESEMRE R K
EEER

DFE R LYMC-3 89 gfp FENARIC . ZFAFT 5
R A 4 = P A R R L G L A 4 B A % AR RICR AR
132, 5 A5 A0 TR L B A B S Y AN
T ZEAFFRE . R T Xue 0 g 37 (1
[ R i 2 AR TR A RO T I CF G
TR g fp tRic.

OLYMC-3 A7 25 4t A i) 1 % .

PR LYMC-3 T 5 mL LB ¥ 33 g, 1%
P

bYW 2.5 mL ¥ FF WK% A 40 mL & 0.5
mol/L INFLEERY LB #5757 28 °C 200 r/min
AR R FRE ODgoo M 0.9 47

OB LA FE R W vk K% 10 min, SR J5 10 000

r/min.4 ‘C &> 5 min, WERE .

D 50 mL 1L 15 372 3K (0.5 mol/L 1l
Z4BE, 0.5 mol/L H 88 B, 10 %6 i 49 M) & W1k,
10 000 r/min 4 ‘CE.L 5 min, & FiF ., 40 7 &2
k3 K,

W SG R R E B T 1 mL WL R R AL
LA 60 pL pHET EP 4.

QWA gfp FEF Y TR 1] 52 A B 1 e Ak

a) ¥ 50 ng ik DNA(1~8 pL) A F] 60 pL
JAZ AN L UK EBFE 2 min, A BUA 1Y BB BR
(1 mm) H, BTX ECM630 Ht 2 FLAX 7. WL 5 ik
SHBEE 2.0 kV.1 mm. Bl 1K,

b) L S8 UG L L B AR TR A T mL &
ISR E (LB + 0.5 mol/L 1 &L EE +0.38 mol/L
HEERED , T 28 °C.200 r/min 5AF T 4% & 95 15 5%
3 h, B 100 pL %A & 10 pg/mL PR K LB F
Br. SEHCE T 28 “CRAR I I 1

Q@ FE AL 1 i 18 S 485

PRI b T 0 8 7 R b Y BB YE 7R S 10
pg/mLAY IR R (1 LB WK 57 35 B b T 28 °C L 200
r/min ¥E 3 B B 24 h, BURE B R OBOR B 2, TE
Zeiss Axio Imager M2 %¢ ¢ i 555 ™ WL 4L T 1)
PECFFVE IR FEA BRI AL i — P 5 E
PEIBCA 55 i 5 FE W e AL I BORL, FUH g f p BRI
S5l Y AT PCR &4, T4 PCR ¥ 220 B AR
T R S P VKR AT 43 B AL

(@ % Ak T R B0 358 15 B PRI E

PRI — 3 LYMC-3 AL TR BRI R E A S b R
M LB RS IS, 28 °C,200 r/min R %
16~18 h /E N BEW . W50 pl BEWHEA 50 mL A
TPUERD LB MR IR TR AR SR B R
12 h 4 E R UL R IR 50 pL R 5] 50 mL A&
PrAE R LB AR SR BB SR 12 h, 0t % 20 4%
P 5% 8 UK, WU F R IR i AN S P4 E 1Y LB P
B 8K 5 M BE BL VB B 200 S B K N E 10
pe/mLIUFR R B LB S0, LA M AR I & A 4t
PRS0 B AR 19 388 15 e M .

2 gfp B bR IC T MRAE S BRI oL HE
it B W B (LSCM) WL 2., B #r id T Bk
LYMC-3 7£ LB R 55 32 & A F 28 °C . 200 r/min
FERE 24 h,4 °C &4 F 10 000 r/min .0 10 min
J& s PBS 28 w0 R T 1A ik BE R B 107 cfu/mlL,
VR4 mh ) & . B S mL $EA R 3 Ah 2] 5 B AN 4



70 o Rl R ¥R

% 35 &

B, B TSR R EH 7 30 d U A .
R TCTE KO HEAT vl ik s XA R AR ZEIEATHE T
VI K SR JE7E 3B 0% 1 3% JC B /KO8 U0 A il R
L B H Zeiss LSM710 BOGH # B 4
S ORI 481 nm,

g fp FEFbRIC R TE S AN AR Y 1 A T
K, B9 6hRIC LYMC-3 BRETE LB Wik R; 37
AT 28 °C.200 r/min ¥ 24 h,4 C%&H4TF
10 000 r/min &0 10 min J5 . JH PBS 22 th % 5 5 4
W R 10° cfu/mL. fE R ZFF & . B 20
mL R IR AR S B 2 R AR T
WERM., I THEMES 4.6.9.12,15,20.25,
30,40 R ZEHEAT N AR 40 P8 19 20 85 . BRI 13
F A HAEMRAE S 0.2 g, & 700 L EER 0.1 %0 TR E

T T Je KA TR K 0Pk 3 U, e dh B T 0B R I3
TRCT N 1 mL R K AT SO . wRE A
20 W — 7 i b s 10T 1072 100 By AR
M BE . SRJA B 100 pl 2% e B Bk A T 4% 10
pg/mL PUIRZE A LB M, 2% Bk L H 42 3 1K,
28 ‘CHEFR 48 h I R B et HUE SR Ol

2 HREHSW

B # LYMC-3 ES ER{E KN SEM W 2

BENZERAF B LYMC-3 #2502 5 B b 41 55
TdE R CZEFT MR ENE, K]
HLTEL A A AR R IR LYMC-3 Wbk 7 d
Jei » RV 200 B S R R 25 A PN X A A U
R AR R A WA BETE S B AR N R 4 Hl e B

21

B 1

EHHLYMC-3 EDEMAEEHERNE SEMURER

Fig.1 Endophytic bacteria inside masson pine plantlet under SEM
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Fig.2 Expression of the gfp gene in strain LYMC-3
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KA PCR 774# The PCR production of gfp gene.
B 3 gfp #E PCR # 1%
Fig.3 PCR amplification of the gfp gene in strain LYMC-3
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Fig.4 Stability of engineering strain LYMC-3-gfp
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Fig.5 Colonization of strain LYMC-3-gfp in masson pine seedling under LSCM

RAEFET B G T B, 28 0d — Bk ] i 3 7, 7
PRSI AN T B R B U PN T B 2 A7 R 550 3
KB — A FE K (K 6) . SRR E . T R AL 22T

5.0p
4.5}
4.0
3.5¢1
3.0t
2.5t
2.0
1.5}
1.0}
0.5}
0.0 1 L 1 1 1 1 " N 1 )

0 5 10 15 20 25 30 35 40 45 50

HEANE B/ Inoculation time

—+— I Root

& Z£ Stem

Quantity of strain LYMC-3

il AT B Bt/ (% 107 efulg)

B 6 gfp EEIRICE# LYMC-3 7
DERENNBERKHE
Fig.6  Population fluctuation of strain LYMC-3-gfp

in masson pine seedling



72 o Rl R ¥R

&
Gl

A4 b 12 T R B i T R S E B A L T B R 2R IR
SRS TR I B A AR A7 RSB, X 5% B A A
ZE TR AR 6T LAY

3 W #

AT L A S 50 5 O R 1 LA R A A
(0 4 B 3 A= 0 78 B AN B SO TR A R R B AR, X H
rh AR T — A D DR R 2 9 R TE SR A% 1 BT AR IR B
HOR BEAR S Hb e 5, T AN BE K FE D) 6B L X th 2 — 2t
Tl 2 9 A ) R 3] FE i) 2 B R A B RV B R R
SR 2R BRI, A 25 IR P B RE T 1Y 5 55 P
FE A N FHRCR AR . H AT ES SRR W A A
Y N 8 BE Y 5 A AR 2 A B 2 T B AE AR
HRERMEEZT R Bbrd k. R E ARk,
GFP H T AR i H 0 56 R 04 45 #4 A 2 g DL B 40 g
FR) IE B 15 5% BB L © Rk AT B AR T N T i R
Y B SE I — B oy AR dr ikt . 9F H GFP 1)
RIBEATEE, BTN Ik g fp B E 28 16 40 1
FLTA A 28 Kol 2L sh W b kAT T 3 35 R
FHUSL 38 T X RRAC 09 35 A 40 g 2 47 52 i E 7 K
WHE 72 20 42 R GFP AR i £ AR L Zh Wi i 1 % i
AR AR 1 CHW 0B 75 B 7 41 5 AZ MR B 1
FoiH K ahas ., 2T B M HEOEH R B MR
SERELE] T GFP FRicd Wbk SA2 MK e AR B 24 IX
FE AR AR 1At
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Colonization of GFP-tagged Bacillus pumilus
strain LYMC-3 in masson pine

LI Liangliang TAN Jiajin CHEN Fengmao

College of Forestry,Nanjing Forestry University Collaborative Innovation Center
of Sustainable Forestry in Southern,Nanjing 210037 ,China

Abstract SEM (scanning electronic microscopy) . LSCM (laser scanning confocal microscope) and
GFP (green fluorescent protein) techniques were used to study the endogeneity and colonization rules of
Bacillus pumilus strain LYMC-3,which has high nematicidal activity. The shuttle vector pGFP78 carry-
ing g fpmut3a gene,was transformed into B. pumilus strain LYMC-3 for {luorescence-tagging by nature
transformation and expressed successfully. The plasmid stability was then determined. After inoculating
the bacteria in root surface of masson pine,the colonization of LYMC-3 tagged with GFP was studied by
combining antibiotics plate recovery and LSCM.GFP-tagged LYMC-3 with bright green fluorescence was
observed under 481 nm wavelength and the genetic stability was 96.8% after 8 continuous dilution cul-
ture.On 4th day after inoculation in masson pine root,a large number of labeled strains were recovered,
followed by a downward trend,and the number decreased faster in the root than in the stem.On 40th day
after inoculation,the number of the labeled strain was 0.3 X 10%cfu/g in the root,and 0.8 X 10*cfu/g in
the stem.These results demonstrated that the tagged strain could successfully colonize and transmit in
masson pine,which provide a scientific basis for the exploitation and utilization of strain LYMC-3.

Keywords Bacillus pumilus; masson pine; green fluorescent protein; genetic stability; coloniza-

tion
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