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Impact of Bacillus megaterium on soil N,O emission and
soil microorganisms

GAO Lin"?, WANG Li-wei**, PAN Zhi-hua®* , XU Hui*, YANG Shu-yun', LI Yu-ting’
(1. College of Resources and Environmental Sciences Anhui Agricultural University, Hefei 237182, China;
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3. Agronomy college Shenyang Agricultural University, Shenyang 110866, China;
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Abstract Microorganisms such as Bacillus megaterium can convert the ammonium nitrogen into microbial nitrogen
andrestrain the formation of nitrate nitrogen and N, O emission in the soil. To explore the effect of B. megaterium on
inhibiting soil N, O emission, the pot experiments of wheat were conducted. The results showed: 1) Under high nitrogen
concentration, B. megaterium increased the amount and relative abundance of the active micro-population.and reduced
the inhibition effect of high concentration nitrogen fertilizer on the microbial growth and reproduction of the microbial.
2) B. megaterium could diminish the relative abundance of nitrifying bacteria ( Nitrospirae) in the soil and then inhibit
the formation of nitrate nitrogen.3) N, O emission fluxes in the treatments with B. megaterium were less than that in the
ordinary nitrogen treatments. During the whole process in the experiment, under the same nitrogen level, the accumulated
N, O emissions decreased by 4% — 53% in the treatments with B. megaterium than that in the ordinary nitrogen

treatments. With the increase of nitrogen level, N, O emission reduction became gradually strengthened. Therefore, B.
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megaterium retarded the effects of nitrogenous fertilizer
concentration nitrogen level.

Keywords  Bacillus megaterium; N, O emission; soil mic
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1 #HE5RFIE

1.1 MEMHFHESER

VIR R BB % A1 20 , A= 18 e 2 C D I it 2k
Yok B RS DLPR 28 JURE, JE a5 SR L O
T— Bk B Y W bk, Gl 2k PCR ¥ MY A0
Genbank X} [t . #2411/ J& T B K 2 84T 1/ (B.
megaterium) H [ — A~ ol F

B 3% B. megaterium B35 3% FL W J7 N . B BE 4R
Wpy s g B FI R 10 g A8 5 g BilR 15~20 g 78
MoK 1000 mL, K 3% 5 ] & AL g Y pH &=
To4~T7.6, AT ECE D E B 3R S RO BE .
FERIN L BOE B A WS B R TR K A AR A TR
A A,
1.2 HRRAE

SR Z R W B R RCR L AT T AR
VW 1k SR /N A2

I E I N 5t L IA DO A A T 1 B o
T XO B 5SS 4, % pH P 8.5 F
PLak & &8 10,30 g/kg, BN 0. 79 g/ke. 28
A 0.45 g/kg, RN 2. 45 g/kg, WE BT
AN AN 2 Fhab B, AR AL BB A 3 A
RAE K- 5 A it Z20NE A A Ry oxf L 39t 7 A 4b 3L
A 6 AE A . BRIt TR 1,

F1 RKEAAERIT

Table 1 The experimental design

b 7 JIE A b 24 B &
Manage  The type and dosage of fertilizer
CK At AN
N1 AR (R 25 (ND75 kg/hm?)
N2 FRIE (JR 2 (ND150 kg/hm?)
N3 EAE R 2 (N 225 kg/hm?)
NIGY IRIE s B R ZFAAF R 1X10° cfu/g

N2GY RO s BORZEAAF R 1 X107 cfu/g

N3GY WL EORZFAUAT & 1X10° cfu/g

I T 2014 4 8 J 30 H—9 H 30 A #47.%
R EAS 8 cm, T EAS 11 cm, /&5 13 cm BYIE S
PR AR AL, A A Y DL w5 R AN AT

WO (P)27. 7 kg/hm® . it A J7 =X 35 R FH 4 Fh i
— Ut A

1.3 SEREMSH

SR FH %5 DA A AR VR 0 2 N, O HE CH 50131 5%
FOHERCE B . WA AE o S A3 2, R R O R R, B
BB R R ARG AR AT = . CRAERT CRAEAR AT
T 37 AL R )R DA AR OB 1 A D T 2 AR A i 0
B 0.08 1 0. 265 m B =3 (], L8R —
50 ml f 3 5 & AR AE i PA it SBCTAAR il R AR
SLEVEERSE] 1S 0,03 L H T AR i R % B
HE.25 (air-evacuated) BE B . 451 328 46 Ab %6 B 3
AR, B 0 min BEALREE 3 D ERSSE
WAL 20 min B R A BT A SRFE S . SRAE I ]
FERG 28 2 RO R AR 2 1 4 RoR4E 1
W R g B g b 1 d R4 1 W, BURE I ) 7
9:00— 11: 00, K f& 1 N,O % B R H Gas
Chromatograph (Agilent GC-7890A) | 5E , £k
[ U5 53 B A5 24 K N, O HEc &, 20 28 e

Flux = o X V/A X AC/At X 273/(273+ T)
(D

b Flux UG &5 0 AARHERSL T NO B9
B kg/m® sV R REEFEA RUAR . m® s A AR
A m* s AC SRR BE 22, pg /m® 5 Ar Sy B[] 1]
B b T 48 IR EE L °C L, S & B B SRR
PO 28 G RS Wi AR S TE A I 3R R 1 WL
W2 Gt 1) RAHEHOGZ K
1.4 TEHSZUNE

A8 F 9 A 12,18 A1 30 H R4 44k B fef -+
H— A EL 3 NFEE., iz i Continuous Flow
Injection Analyzer (Alliance, France) 3% %% i a1 43 H7
A0 72 TTAHLA Bl 4 MT7 A1 MT8 iX 2 4> fh 24 A 4k
Gy iz P e B W b €6 7k RS A1 43 5 01 B 1 S U8 TR
TRYESAMMAS A S . 9 A 30 H 545 RS
KR AR S R ST AR AR N E R R
Yy &,
1.5 SEENFHEFEBHNSH

T Tllumina MiSeq I 757 6 ) B i
J¥ (Paired-End) i 75 ¥ » ¥ 8 /IN i Be SO 3 47 XUR
vig W . gl i X Reads Bf #: i 3. OTUs
(Operational Taxonomic Units) 2 2%, 479 # F
TR R RE G AT . TEAEREAAR 53 B I AR 4l — 7 A UE
AT A B PR R W 7 51 422 B A8 ot g AR 05 oy
VFZ /N T AN R 14 OTU, AR WFFE %A AL
PE 97T LOBFATRAY 1A OTU 4548 1 AT Fh, 95 %0 45
B 1 AT 8 X P A R 3547 OTU A J T XF
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PR AE . EORZFFAT BT 8 N2 O Rl ik e b SRR 0 ) 52 i) 79

OTU #AT AW B4 it/ ir. 7€ OTU A ¥ 1fE B
mEal b, M Chao-the Chaol estimator (http;//
www. mothur. org/wiki/Chao) 4§ £ i 5 & #f 3 &
(Community richness) ; DA &z Shannon-the Shannon
index Chttp://www. mothur. org/wiki/Shannon)
FEHOTE E B L A (Community diversity) , 43 #7
TR W IS X - 3 SRR M R VR S5 i i S . THBE
AEN/ N

Suy = S+l =D

2(n, +1)
K S FRLPRMAE A OTU 8 Hn R
A 1%&F50) OTU £ Hsn, RNETH 2 F)751HY
OTU % H .,

(2)

Hshannon - Z 711’17 (3)

o Sop TR PRI A Y OTU $0H sny RAR T
A FIFHM OTU % H s N 3RoR r A 1T 5158
1.6 BN

Bl Ak BB S B AL ANOVA 43 B2k H

EXCEL 2013 il SPASS 17. 0 #{f: i
2 HRE5SMH

2.1 N,O HERUR1E

WA 2 FoR FEF G Ak N, O HERE &3 AR K
T 0L B HEHE N, O, it in & A XS & 1 N, O B9 HE
R 5 ) 32 SR A T S A B AR S A
2 R(8 H 31 H), ¥ AN 4 (N1, N2, N3)&5|€
it B ) CK AR B B8 N, O &5 HE R, HEiloE
200 pg/(m® - h)UL,,\quPHE&ijE(NZ)Bﬁmﬁ
243 pg/(m” « h) o 332 O i A IS e v 1T
Aot AL HE T AR IS 5 N, O HE
WEAE B, 7 Rl — &AL KSR L A 9 Bacillus
megaterium AL N, O He A w2 AL F 38 8 &AL 4
W, tHEFHME N 10 d Z N, Bacillus
megaterium W N, O HEBSCR W2 . 6] 4, K F
JG % 2 K Bacillus megaterium Rt ¥ (NIGY,
N2GY, N3GY) 9 N,O HE ik i & 9 % (K, 3
<20 pg/(m® « h) AR E A AT B 100447 .

1o ¥

300
M CcK EN2 W NIGY | N3GY
NI H N3 N2GY
= 200
=
£z
z =
i 2 100
£
g
& > ‘ ‘
<, i . .
= 0 1
(o] O 0 (=] (o] < O 2] (=] N <t \O
rYT F YT T T T 7779 9 9
D [=)) ()] D [*)) [*)) ()] ()] ()] ()] [*)) D D
s 33 3 8 323 8 33 & & 3 3
-100 H #H Date

B2 AEEREKXEMERFIMTEE N.OHFHRRBE

Fig. 2

Pl 3 f 7 0 ] 25 b 3 N, O 1 SRR HE i
3E AL AL F N, O ARk Bl A ZUIE K P 1
TR WEE I, &= N3 K (225 kg/hm* (N)) 35
2|7 0.40 kg/hm* (N); Bacillus megaterium Ab ¥
N, O 2B HE i i 00 B 5 00 K 19 B T T 28
WP, % N3GY 0. 19 kg/hm* (N) . [i] — S AE K
SR Bacillus megaterium A ¥ (N1GY, N2GY,
N3GY) ¢ % i 2 ME A4k 2 (N1, N2, N3) 53 51 i >
N, O HERL 4% .21 %1 53% (P<<0.05), A WL, B
ANE e B B30, Bacillus megaterium 8 i34
lf] 0 9 % N, O HE il i) 28R 328 9 fin i

N O flux in pot experiment under different N-fertilizer levels with and without bacteria

051
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~
T

It
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o
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N,O R 1HEi it/ (kg/hm?)(N)
N,O cumulative emision

2 N3 NIGY N2GY N3Y
AbPH Manage
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Fig. 3 Accumulated N, O emissions in pot experiment under

different N-fertilizer levels with and without bacteria
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2.2 TEHRENESE MEVEYHREN
AR HIE9 A 11 H.9 H 18 HA9 J 30 H
RIS A SR S, GRIER 2 By
71N s AN it JE Ak 3 CCKO A AH A5 AL i 29 7E 3. 31~18. 16
mg/ kg (NDJE Bl N I3l . i i &I . A S A S &
W, AR E 45 B R . Bacillus megaterium s
S A& SRS BT REZE R AFEAN K1),

18 S A L) i A L7 R A 16, 34 ~86. 42 mg/kg
(N) W 3, Bacillus megaterium At ¥ J5 2% fk
22.90~63. 63 mg/kg (N) . H& A {0 i B2 45 /1.
97 30 H N3 A& & & &N 86. 12 mg/kg (N),
N3GY MRl 25 A & FF % 63. 63 mg/kg (N, 4%
W B~ Bacillus megaterium BAG 7 + A
BRGEIBCR WA T W H

x2 TEALETHER.ZSEN)SENNE

Table 2 Measurement of nitrate and ammonium nitrogen content under different treatments mg/kg
fob 38 fi§ A% Nitrate nitrogen #: 526 Ammonium nitrogen
Manage 9H 11 H 94 18 H 9 30 H 9H 11 H 9H 18 H 9H 30 H
CK 18.16+8.99 ab 3.31040.14 a 14.6041.20 a 1.830£0.09 a 1.9040.09 a 1.7140.27 a
N1 26.831+4.21 ab 16.3444.67 abc  26.17+4.14 ab  2.38+0. 27 abc 2.29740.15 ac 1.85+0.08 a
N2 24.4746.92 ab  19.4846. 18 abc 66.3548. 42 cd 3.874+0.93 abc 2.61£0.17 be 1.6940.12 a
N3 19.02+1.91 a 23.80+£5.22 be 86.42+11.00 d 3.447+0.26 ¢ 2.8440.07 b 2.28+0.43 a
NIGY 38.21410.02 ab 25.1445.25 be 38.611+4.24 be  2.00740.09 abc 2.44740.28 abc 1.427£0.10 a
N2GY 22.9043.21 ab  23.63744.28 ab 36.89+7.68 ac  2.39740.04 be 2.16£0.20 abc 1.58£0.20 a
N3GY 32.10+1.88 b 28.63+1.29 ¢ 63.63410.24 dec 2.88%0.08 ¢ 2.46%0.07 ¢ 2.154+0.36 a
SR F NG FHER R 950 R W,
Note:Different small letters within the same column mean significant difference at 95% level.
I P A A B B A 1076 &£ 0
- N X N - g Yer ) b
B o it T S 9 385 i K /0N 22 A G A A B R S A S 2 y=—4E~055*+0.004 1:+0.033 8
e — - . =g R*=0.365 4,P<0.01
SEIRFEEZL., F—ZFNEKT kY a1 <z . « "
2 \ = < 0.15
(R B 25 R0 & B AR B B AR T3 US4 L {H 22 ﬂ{é ]
FARE. R g
N - o ‘, H .8
RNk A 398 05 23 A 1 2 () — 3 4% 20 i Ak R
=
S ol 1z ey, 25 4 4 a2
{14 AT 5 6 1 4 O - M 16 23 L ,
FEAE KA — M . AT LGSR P e AR 3R T 1 1k = 005330 60 80 100 120

AW oA 9 A 30 H R HERCE Y AR W) BB S A S A
THICRNE 4, FIR B A LM RS
IR, - R Y kS i U] S S
fil Wy 2k ks F (P << 0. 01D, R B A & & N 57. 28
mg/ kg (N) A}, = BERLAE Wik & & ik 8] 5 R AE.

ARG R i EUIE A P 4 A S A
A 16.34~86. 42 mg/kg(N), Bacillus megaterium
Ab PR A M A A L A 45/ 22, 90 ~ 63, 63
mg/kg(N) , FEA | 4k F 0] LLAE o 3002 9 AR K
S R L BN BB B megaterium T BE % il
b P b A S A R LR TR .

THAS A & i/ (mg/ke)(C)
Nilratenitrogen content

4 BEYVHREWESRXER
Fig.4 Relationship between the microbial biomass

carbon content and nitrate nitrogen content

RS EaRT 9H 30 HAMHET HEMAEY
A= W i 3 WA N8 I S Ak B ) AR A W ik
EYR TG CK(P<<0.01), b5 ifi & & M
0(CK) M) 150 kg/hm* (N) , 338 & 4 B A9 £
SR Wy Bk & & N 0. 08 g/kg & Wi i F 0. 13
g/kg s Y A M ZE 225 kg/hm? (N) (N3}, +
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PR AE . EORZFFAT BT 8 N2 O Rl ik e b SRR 0 ) 52 i) 81

BWUEY S T RERAL 0,08 g/kg. XS R ERYIE
e UNE e T RE 5 A R A W ik i AR
We ¥ 5 1 (225 kg/hm?® (ND) %+ 3B 30E B il A K
Ve b IR iR (ST

g 02r ¥=0.025 3x+0.09
;g R>=0.980 8(P<0.05) |
< 205t LT
D 2 2N
Er .l om o |
=7 o0l n ] % |

e}
=R
Z

N2 N3 NIGY N2GY N3GY
AbFH Manage
BS5 AEREKFEMEFRNIMTHREVEYERSE
Fig. 5 The microbial biomass carbon content under different

N-fertilizer levels with and without bacteria

WIN Bacillus megaterium Z-FRF , +3E LA Y)
B o B U HE K F b T B B N Y i (P
0. 05) , AT B v AL 410 1 L S8 ol 2B 0 2 B
MR . AR P B 5 A S E O &R o m i AL T
Bacillus megaterium {EFAREMR T IEMES A& &
ZAb T P A W A A A R P 8 T
YR, GEESE MUY Y R A R T
7N s Bacillus megaterium B G P77 + S &AW
BE L AE A BT SR PR AE M AR R T
A W 3 1 RNE A R
2.3 REBEETEREDEESINER

A5 K F il & 16S DNA U P J5 12, i aof
Mothur BfFLL 9756 2 3l 3 B XT 16S F7 5132 7
R HIT(OTU) . R OTU i, AL
J¥ A3k 76 % ~81% . OTU [y #i B il £ (Rarefaction
Curve) i [a] - 30 , 4d ] 0 > 5040 & oF & 31, AR
RE % Sz W12 DX SR Vi 1 b 26 0 45 40 L B 22 9 a2
R B DRgn) OTU, WFahss R EnR 9 H
30 HBE S £ 3 R0 BN 3E M Bacillus megaterium
B BT 3 4 3 Sy IR B SR
2.3.1 Bacillus megaterium % ¥ 3% Nitrospirae

RS EAC!

Nitrospirae (i b 12 i€ 1 1) 76 - 3 o L&
CERD oy Rk A7 A Al o 7 = AR A S R (L 1),
K6 firzs o od i A e R, LR R T TT K )
oM X FE B oA T B9 4 9l 2 Proteobacteria,

Acidobacteria, Gemmatimonadetes, Actinobacteria,
Chloroflexi,
Verrucomicrobia , Nitrospirae, Armatimonadetes,
Horr, Nitrospirae HEAE S L, fE LI W RE D &
AHEEMAN, AR LI Nitrospirae #1%} F FE
(3% 3) R I, U N A W) &k 3RS S Nitrospirae A%k
FHRIA BT TR KRB NIGY <<NIL. N2GY <
N2, N3GY<IN3, Ji HOZ 8 J JE T (N3GY) By F
AR e g 238 38 U8 (N3) b B /D 29060, iX
YL BH Bacillus megaterium b PRREAR T 1 3 o g 1k
0 TR TE RS B b i H ) e T S AR B
Ao e 2 9 A 30 H A AR e gh AR
/e

Plantomycetes, Bacteroidetes,

LS ESES
Relative abundance

CK NI N2
AL B Manage

Others = Planttomycetes

N3 NIGY N2GY N3GY

Armatimonadetes M Actinobateria

Nitrospirae ¥ Gemmatimonadetes

Verrucomicrobia M Acidobacteria

Bacteroidetes M Proteobacteria

m Chloroflexi

6 TAREENAEBENENEE
Fig. 6 Relative abundance of bacterial

communities on the order level

& 3 [1/KFE LB Nitrospirae H83t F &
Table 3 Relative abundance of Nitrospirae

on the order level

AbFE Manage  AHXFEE Relative abundance

CK 0.016
N1 0.018
N2 0.018
N3 0.021
N1GY 0.014
N2GY 0.016
N3GY 0.015
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2.3.2 MADHEIEAFFER SHEG Y0

Species richness estimators il i+ #E 5 42
SRR BB, VEHL Chaol 48 %Ak i1 9y Fh b B 2
JE HE B B AR o B R 5 B R R 22 R B

1500 B
L
.8
= 1000f /
._Eciﬁ i
S J
ﬁ 500}/
# 5 '
10 3380 6750 10120 13490 16 860
3% Sequences number

— CK — N1 — N2 — N3 — NIGY — N2GY

e Shannon 45 ¥ 5 $0F #K 158 W] 3 7% 2 B 1k
i Q7 TR s T A 1 P AH R B
i) N YOS 3 s T L (PN i 4R - g2 7]

fFE.

g or

; sl {V_

E 7t

< ’\‘

7 6F

l)é

& st

3 {

= af

N
10 3380 6750 10120 13490 16860

3% Sequences number

N3GY

& 7 Chaol #1 Shannon B &

Fig. 7

5 Ah B CF 98 %t Chaol FiI & % P 45 #x
Shannon (& 4) 53 81 & B, bifi & it 20 18 K F- 19 32 5
13 20N A 3L O 20 T R R N 2 R g B R Y
JE U Y e, S5 R T RO Wk D E AR A — B
(I 4D JE— 20 U B g e B2 0 e A 1 38 v 7
TR B JT D TR 2R

% & i & B, Bacillus megaterium Kb 3
(NIGY) {4 - M B A 335 1 Bl 2 Wy 2B W 5 3 3 S8

The Chaol index and Shannon index curve

(ND 257 B35 8 SR W) 5 R B 2 RE 1
BaGR 40 YRN8 2 vk 8 AU 4k
N3 H B o 20k BE (R AS 7 86. 42 mg/kg(ND)
A B R K IS A R BNE KR Bacillus
megaterium b PR (N3GY) [R5 b il 25 & 0 ik &
(63. 63 mg/kg(N)) , I /)N i ¥ JE R X 4 3 3 A= W A=
BRI A L T T A P B R R R T
N3 Ab B (AR 2R RUE AR T N3 Ab B,

x4 ARABKEMEFN RN THEFENSHEER

Table 4 Bacterial abundance and diversity under different N-fertilizer

levels with and without bacteria

Qb ¥ Manage FFF % Chaol

Z FEPE$E FR Shannon

4328 OUT

CK 1403
N1 1338
N2 1477
N3 1 386
N1GY 1382
N2GY 1540
N3GY 1401

8. 394 1418
8. 246 1411
8.309 1301
8. 264 1430
8.314 1407
8.194 1421
8.177 1418

3 4 8
AT /N 2 RIS R RN R AN vk

T Bacillus megaterzum XF F Ak A TOHLA
AR K N, O HE s, 1545t .
1) Bacillus megaterium XTj:i,%% A W T 1Y) 52

W) = 2 B 7E = vk B EB B . Bacillus megaterium
P& e T ST T A W BB R R AR S B ) v
JERNEXS IR Y A KB R AR fE e T
g A A Wi e RIS R

2)Bacillus megaterium X} + 5 2 & 09 52 W
i - 8 A R A A T A, R R EL A O Y - e
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PR AE . EORZFFAT BT 8 N2 O Rl ik e b SRR 0 ) 52 i) 83

A E DN FLAR A 1 AR o A AL T A R
TR P o 2 o v ok B RS X - S A W R AR A B
EEEM. Bl —%&HE/K¥ET ., Bacillus megaterium
Xof Bl 25 A B S N

3) 56 Tt AE [RS8 I Bacillus megaterium ,
—BEBt[a) N Bacillus megaterium K A K B &
SE A F A YA R I REAR T 4 A A
& (Nitrospirae) 768 A G4 Wy b 1 He B, 4K 0
AR AR T A AT R R R N, O R HE R
Wi 20 A e EE A 3880, N O il HE S50 38 347 o 52

TR

RNETE A 5 AT 8 T3 50A AR i T 1
e A AL BT BRI ) % TE HIL I ] S 2 A BRI
Jit NS 5 A A A 24 8 1) BUIE 5% Ak R i 25 RUE Uk
BRI Y RO R AETE B fl e m . AR I 5 o
e IS A S & LA B R WIE 90%. 5
Powlson % 4 18 A0 — 5., + 58 A6 25 AR A
AR T 1 G2 ) S e H e i 8 A 32 3152
M, B i (MBC) 78 + 38 42 ik v Br & L AR
AN BB R A A LT P S PR A3 BEAEAR KA
SO A S A W B R VR S A W B T
PR K A IR 7 0 E B AR . e T ) 4
73 B A it UIE AT Y 3 e A I Ak B A 40 T
TR =F B2 0 22 R PR 34 52 S 1 0 el ) e 3 5 AR
Bl & B AR — L

I BT T R AR W BOR F AT
Bacillus megaterium , % ¥ B & BB B, Bacillus
megaterium X+ A W RERZ W /N, &8 v A
MBI . SRR AT e e v B RIS A 1
PR S A B e Bk I RUE Y AR K
B VE T s S W R 0 = i R R 22 R B
30, & BBk BE K, Bacillus megaterium A < ¢
B MR AE A B . RN R RIS
R T AN TR 1G s e e B A S AN U E A BRI
B HAEH] S IRl 52 e b SR 3AL 1 S5, T 52 ) B £l
AP TR R SRS IR R S AN
A5 35 BEAR T UE T Be 2 AR i Hoeko e T R 0
TRCAE ) 1) T R A TG Bl 2 ) o R 45 A 2R A 2 3 3R
30T N e Sl N [N S i | A { DY/
Bacillus megaterium ,FEAR T 5SS Ak &, + 18
TR A W B R R B XA BT BT

XAk N, O HERCHE 45 R o . B 2 it HE

RN, Bacillus megaterium 2% N, O HE 1Y
ROR BN . S5 A Al RE = A2 A=) Bacillus
megaterium YERIN - 3 v K5 B 25 AU A U AR
R R Ao A 0 B 2 AU D o DT B AT A Ak ik
A N O R, 8] i, &y I 45 2% W
NS U Bacillus megaterium BIACFRFEAL T 1
il A 40 TR 7R R R Y T B L i T RS AR
WL, 3 — W 298 N,O W HEl. MEED ALK,
Bacillus megaterium Z#ALT-(9 A 30 H =@ &l
FE & %HA Bacillus megaterium) , i =Y R H
1o R B R PR . T Z ., Bacillus
megaterium H| T AAL G v BN WA4E - 9 20 it e
HIHAP N, O IRt HF i il iy 2O 4 25 L 32 v AUIE #1)
IR

B RGP B Rk R K 8 R e 4R
Bl AT AT I F 5 B, KA R
oy P B AL Bk a8 R B R PT IR B A R
B, B T I E IR A B F A B
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