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Improvement in Antagonistic Ablility of Antagonistic Bacterium Bacillus sp. SH14 by Transfer
of the Urease Gene. Choi, Jong-Kyu and Sang-Dal Kim*. Department of Applied Mi-
crobiology, Yeungnam University, Kyongsan 712-749, Korea—1It were reported that antifungal
mechanism of Enterobacter cloacae is a volatile ammonia that produced by the strain in soil, and the
production of ammonia is related to the bacterial urease activity. A powerful bacterium SH14 against soil-
borne pathogen Fusarium solani, which cause root rot of many important crops, was selected from a gin-
seng pathogen supressive soil. The srain SH14 was identified as Bacillus subtilis by cultural, biochemical,
morphological method, and API® test. From several in vitro tests, the antifungal substance that is pro-
duced from B. subtilis SH14 was revealed as heat-stable and low-molecular weight antibiotic substance.
In order to construct the multifunctional biocontrol agent, the urease gene of Bacillus pasteurii which
can produce pathogenes-supressive ammonia transfered into antifungal bacterium. First, a partial BamH
I digestion fragment of plasmid pBU11 containing the alkalophilic B. pasteurii 11859 urease gene was
inserted into the BamH 1 site of pEB203 and expressed in Escherichia coli JM109. The recombinant
plasmid was designated as pGU366. The plasmid pGU366 containing urease gene was introduced into
the B. subtilis SH14 with PEG-induced protoplast transformation (PIP) method. The urease gene was
very stably expressed in the transformant of B. subtilis SH14. Also, the optimal conditions for transfor-
mation were established and the highest transformation frequency was obtained by treatment of lyso-
zyme for 90 min, and then addition of 1.5 ug/ml DNA and 40% PEG4000. From the in vitro an-
tifungal test against F. solani, antifungal activity of B. subtilis SH14(pGU366) containing urease gene
was much higher than that of the host strain. Genetical development of B. subtilis SH14 by transfer of
urease gene can be responsible for enhanced biocontrol efficacy with its antibiotic action.

Key words: antifungal, urease gene, Bacillus subtilis SH14(pGU 366) Bacillus pasteurii, Fusarium so-
lani, pEB 203
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Table 1. Antifungal activity of the selected strains against F.
solani

Table 2. Antifungal activity of B. subtilis SH14 against F. so-
lani

Fungal dry weight’ Fungal colony size’

Prepn. Inhibition  Relative Inhibition Relative
(%)  ratio (%) (%)  ratio (%)
Culture filtrate® 532 100 51.8 100
Heat-treated low
MW sustance” 46.9 88.1 483 93.2

“B. subtilis SH14 was grown in NB medium at 30°C for 84 hr.
The culture filtrate of B. subtilis SH14 was treated at 80°C for 60
min, and centrifuged with Amicon centriprep® 10 (MW 10,000).
“Dry weight of F. solani with the heat treated low MW substance
of B. subtilis SH14 on PDB after 5 days incubation at 28C.
®Colony circle diameter of F. solani with the heat treated low
MW substance of B. subtilis SH14 on PDA plates after 5 days of
incubation at 28<C.

‘Completely inhibition ratio (100%) — dry weight of F. solani cul-
tured with solution relative to those cultured with water.
“Completely inhibition ratio (100%) - colony circle diameter of F.
solani cultured with solution relative to those cultured with water.
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Table 3. The identification characteristics of the isolated an-
tifungal strain SH14

Antifungal activity

Strains
Inhibition distance (mm)’

SH14 13.2
SH27 12.0
SH11 10.7
SHO8 9.7
SH14 9.6
SH33 9.0
SH19 8.8
SH27 8.5
SHOS8 8.1
SH33 8.2
Control 0.0

The bacteria were grown in nutrient agar (NA) medium at 30C
for 84 hr. “Distance between the edges of the bacterial colony
and fungal mycelium on PDNA plate after incubation at 28°C
for 5 days.

Characteristics Isolate SH14  Bacillus subtilis
Gram stain + +
Cell form Rod Rod
Endospores produced + +
Motile + +
Anaerobic growth - -
Voges-Proskauer test + +
Catalase test + +
Oxidase test + +
Acid from D-glucose + +

L-Arabinose + +
D-Xylose + +
D-Mannitol + +
Gas from glucose - -
Hydrolysis of Casein + +
Gelatin + +
Starch + +
Utilization of Citrate + +
Nitrate reduced to nitrite - -
Degradation of tyrosin - -
Deamination of - -
phenylalanine - -
Formation of Indole + +
Growth at NaCl 2% + +
5% + +
7% - ND

10%

API® (50CHB) B. subtilis

+: Positive, —: Negative, ND: No data available.
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Table 4. Transformation frequency of B. subtilis SH14 with
the PEG-induced protoplast transformation

Transformation frequency

Plasmid Size (Kb) Jug of plasmid DNA
pGB215-110 10.6 3.4%10°
pGR71 8.4 7.5%10°
pEB203 6.4 8.9x% 10°

Pl Hind Ili
pBU 11 |
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Pwul/Accl
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Fig. 1. Construction scheme of the recombinant plasmid
pGU366 containing the urease gene of B. pasteurii.
% -% % : Inserted sites.

TRANSFER OF UREASE GENE FOR ANTAGONISTIC IMPROVEMENT 125

smid pEB203°] 714 3 JAH S-S viellgloh
w2t urease AL FHeolE A3 vector plasmidE
pEG203& AHE-317 2 steirh.

Urease gene library9| subcloning

Kim %°] ©]®] cloningdt v} 9)32[12], urease 3|
43 4.3Kb7t 288tk ¥ vy pBU11[29]S A%
X BamH 122 HEAA3}1 0.6% low melting agarose |
gel FlA A7195¢ slo] FAHREL] BamHI site’}
Aets)R] 93 urease gene fragment F-#3H& 4%,
E. coli-Bacillus shuttle vectordl pEB203[20]2] BamHI
siteell AFalste] E. coli JM109E 432310 24 Fig.
14 B vle} 22 recombinant plasmidS A]=Hs}e]
pGU366.2.2 == 3}ic).

AN Z3t plasmid pGU366°-% E. coli JM1092 A A
gsled LB Haex](Ap 50 pg/mbellA A4 WA
colonyg 4 AL F oA 2E Ap WA I55
urea 3+ CUAHZIA|(Ap 50 pg/mbell tooth-pick
replicadled 1270¢] B2 o2 HAE yrease-positive
colonyE F53}3ic) o]uf vl CUA HHuAE o] &
82 & o= wiA| el 52 urea’t HAA Sl o
odgks- wFH7| wiEolsith. Birnboim 59 Alkali
lysis BPH[4]el w2l FAARR E coli JM109(pGU
366) 22 2E recombinant plasmidZ- small scale®
9o, 0.8% agarose gel AollA ArjdEo g &als}
A}, 33 plasmid®] sizex oF 17 Kb =1, BamHI
o7 Agts] 2 A3 pBU11Y urease gene fragment®]
band®} vector plsamid pEB203%] bandE &l& 4= 9l
ArH(data »1AA]).

Urease gene &7 pGU366E 0188t &0 &
alxet

A7 B. subtilis SH140l &= o} & A3}r|ztoz o
2o} AAd5E U187 AlsiA PIP WHH 22 B. sub-
tilis SH14¢l pGU366E HAAA3Ic}. Transfor-
mant®] AE-E YXE A WA colonyE Ap I
LB S gulx]ollA] Adbgt ¥, Ap 3+ CUA 3 guiA] el
tooth-pick repica® & & spotdle] H24 o g2 W=
urease-positive colonyS A'Lslict. B. subtilis SH14
(pGU366) 22 R-E] plasmide] 2]+ alkali lysis¥[4]
of wte} dslgier, olul lysozyme A&l 37CelA
2087} sisich. A3AS B. subtilis SH14E A
A7) pGU3662 Fig. 204 B= niel 2ko] 0.8% agaro-
se gel ArollA 7|58 AAske] gelsiaich

Recombinant plasmid pGU366¢°] insertion®
urease gene fragment’} A2 urease FHAFS A4}
o2 MPs=r1E dolwr] ¢8)A transformant E.
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Fig. 2. Agarose gel electrophoresis of plasmid DNA pGU366
isolated from the transformant of B. subtilis SH14.

Lane 1: Purified pGU366 from E. coli IM109(pGU366)

Lane 2: pGU366 from B. subtilis SH14(pGU366)

Lane 3: B. subtilis SH14

Lane 4 : A-DNA digested with HindIIl

Fig. 3. Detection of urease gene expression of B. subtilis SH
14 (pGU366) on the Christensen's urea agar containing am-
picillin

Color

Red (urease positive)
Yellow (urease negative)
Red (urease positive)

Strains

A B. subtilis SH14 (pGU366)
B: B. subtilis SH14
C: E. coli IM109 (pGU366)

coli ]M109(pGU366)Z45-€] A A& pGU366E B. sub-
tilis SH14°l retransformationdte] Ap ¥+ Christen-
sen's urea agar’deoll4] g A= Fig. 3049} 3]

0.D. at 550nm

Incubation time (days)

Fig. 4. The ability of urease-expression in the transformant
of B. subtilis SH14 with pGU366.

Exponentially growing cells of B. subtilis SH14 transformant
and E. coli IM109 carrying pGU366 were inoculated into the
urea R broth containg 2% urea and incubated at 30C for 4 days.
The urease-expression was estimated by spectrophotometer as-
say at 550 nm. —@-, B. subtilis SH14, —8, E. coli IM109
(pGU366); —a&&— , Transformant by pGU366, B. subtilis SH
14(pGU366).

%/K o729l B:]xﬂ___i ;qxl-tlla-:] ;o_:]-o]z‘;_l- 2 o]o—h;]_

B. subtilis SH14(pGU366) 4 =31% urease -3}
£ AR AT AFHoZ BAA =7 24
7] #]5 urea R broth(Ap 50 pg/ml) =4 30Cl4 4
Zb wifsldA A EE AAEE FHE 550 nmellA
FAste] zAbE] £ ZF Fig. 404 e vle 7to)
urease TRAFE 3 pGU3G6LE FAAsE B
subtilis SH14(pGU366) N4 & ureasert A4 o= b
ARS o 5 e, E coli JM109(pGU366) 2= 2
2] ol glo] thae] Al7te] AF ot 2e] A
FE2E E. coligt 719] frARRE 2 H S veplisich

E2I=l recombinant plasmid pGU3662| oA

B. subtilis SH14W A pGU366<] FAAd-S 5‘_/\}3}7]
A FAYAZE H7FEA] -2 nutrient brothell 4] A
ekl 7w A 29 2P 22 50 ug/ml®] ApE &3t
ARl eb gHebA] o2 vl elA du| g =
514, hekstol wldelulAl ol Yebd colony S )
g2 215 A3} Fig. 5ellAeh 2ke] 102le] 7530
& 65%0144e] S veble] B, subtilis SH14°l =
JH pGU366L vlad bAdslet 48 4= 9},

SaHME0| R &HEA
B. subtilis SH14° pGU366% A o2 JAA3AA
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Fig. 5. Stability of plasmid pGU366 in B. subtilis SH14 (pGU
366).

B. subtilis SH14 carrying pGU366 was subculture on NB
without kanamycin. The subculture was plated on NA plate with
and without Ap (50 ug/ml) per two days.

Table 5. Optimal conditions on the transformation of B. sub-
tilis SH14 with pGU366

Conditions Optima

Time of lysozyme treat 90min
PEG concentration 40%
Amount of pGU366 1.5 ug

F AE AR[ 2L ZAE7] 818l protoplast A|FA] A}
45+ lysozymed] AMEE7E ZAFISIh A lyso-
zyme 2] AZHE A7)0 B. subtilis SH142] Z7] o
717 2 7] wikd FAE 200 pg/mle] lyso-
zymeS -3 SMMPel| 4244 80 rpme2 150%
7HA] 30% ZHA L2 XEl¥ vhg 2 PAAFEE AL
g As} 908l 7 =2 FAARES Jehgin)
(Table 5). o]+ 7 lysozyme 2] A|Z}ol] it == 3)
£ A7 AYAA HYAo] AU T8 HpAo]
2h& Akamatsu®] B 7[2]9} x}FAe] AL lysozyme
Azl oz AHAzhe QA AucE QYL
=21} PEG-induce fusion®] ®¥l%®r} Jr}= Akamatsu
o] A3 1]¢} ¥l=3tAl B. subtilis SH142) 34 A 3
AATEE 308015 SVt 904 HuAE v}
el on o] & A2l A|7ke] AL L3]8 sl A
el Frt

FAAZNA A PEG (MW4000)2] F57} o
g =2 E golry] 4 HF5=rt Z2H 10, 20,
30, 40, 50, 60%= A A 13 F FAANEE FARE 2
I 40%5 A A7FEIE o Hoo JAAFES e
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Table 6. In vitro antifungal activity of B. subtilis SH14 con-
taining urease gene (pGU366) against F. solani

Antifungal activity”

Days B. subtilis B. subtilis None
SH14 SH14(pGU366)
1 5.8 (mm) 3 (mm) 6 (mm)
2 17 12 19
3 21 16 23
4 24 18 27
5 24 19 30

“An agar disk (8 mm in diameter) of F. solani inoculum placed
at a 3 cm distant from the edges of the bacterial colonies on po-
tato dextrose-nutrient agar (PDNA) medium containing 0.5%
urea. The plates were incubated at 30°C and the antifungal acti-
vity was determined by measuring the diameter (mm) of fungal
mycelium.

*}(Table 5) Bacillus sp.2] FAAFA HA PEG v%
7} 30%¢]2= Hopwood®] B.1[10]¢}= Ale]’t A3z
B. subtilis SH14°] 3A%13e] 2% PEGY v=+ ¢}
A Fe FEE 87T

Plasmid DNA®] X7} v A= d3-& ZAH] 96
AAE pGU366< 3.5 ug7tAl 24 y=HE 7972 A
7V¥ste] FAMFAA B A3} 1.5 pug ©)31e] sxoly+=
FAH8-go| plasmid F7FeEs} vl sle] Fr)sksd o
2 oJAFE AHrlsle S die dAAISL JdAs
(Table 5). ©1712 1 pg ©]13}] FXol|A plasmid DNA
A7y wjHH R FAHAZEe] FUlEvhe
Chang 59| 2319} 1.0 pg oA Fxoli+ 43t
=7} 2 o]k ol ulE Svkge] FaEiiivks
Vorobjeva -2 By} AJo|gt Ax 24 vy W o
9] plasmid’} &7H ke A& & 4= A5, 26].

SEMEIF Q| ureaself| OISt ZEE SZIXTAL

Urease gene®] =% B. subtilis SH14(pGU366)<]
Al E25-F F. solani®] ASHA5S 223171 H8iA
0.5% urea’} 3% PDNA SFgulx]ollA] 7} 27k
FAAD7AE AE $A4% 23} Table 614 2=
ule} zro] B. subtilis SH14(pGU366)7t %

3754 B.
subtilis SH14¥ c} 98 A& Jeldglon, =5
TFele 4] A28 F solomiE AARBLZE A3
sh= Zl e 2 vehgtel. w3 0.5% urea’} 35 PDNB
AR =]l F. solani®} B. subtilis SH14(pGU366)E,
F. solani®} B. subtilis SH14-2 &3 vl okalo] dA|5akd
o2 &A% A3 Fig. 63} Table 794 RE ule} o)
Z¥7}k 38.0%, 44.0% R=] AAHE R}

olz|g AR v]|Fo 2 ®-9| urease geneE =L
24 AT FAEA WA BEWAT B subtilis
SH144l] ammonia A45S WEZ Rrigtozn A&
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Fig. 6. Antifungal activities of B. subtilis SH14 and its trans-
formant on the mycelial growth of F. solani

Three days old F. solani culture were treated with culture of B.
subtilis SH14 and B. subtilis SH14 (pGU366) grown in NB with
0.5% urea at 30C for 3 days. - , F. solani with of B. sub-
tilis SH14; —&— , F. solani with of B. subtilis SH14 (pGU366);
—&— , F. solani only.

Table. 7. Antigungal activity of transformant B. subtilis SH
14 (pGU366)

Strains Antifungal activity
Fungal dry weight Inhibition ratio®
None 435 (mg) 0 (%)
B. subtilis SH14 270 38.0
B. subtilis SH14(pGU366) 244 440

Three days old F. solani culture were treated with culture of B.
subtilis SH14 and B. subtilis SH14 (pGU366) grown in NB
with 0.5% urea at 30C for 3 days. After 5 days of incubation,
the antifungal activity was determined. “Completed inhibition ra-
tio(100%) — dry weight of F. solani cultured with solution re-
lative to those cultured with water.
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