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Isolation and Denitrification Mechanism of an Aerobic Heterotrophic Bacterium
Acinetobacter sp. YY-5*
JIN Min, WANG Jingfeng, KONG Qingxin, ZHAO Zuguo, WANG Xinwei, SHEN Zhigiang,

CHEN Zhaoli, QIU Zhigang & LI Junwen™
(Institute of Hygiene and Environmental Medicine, Academy of Military Medical Sciences, Tianjin 300050, China)
Abstract An acrobic heterotrophic bacterium Y'Y-5, which could degrade NH,'-N from 95.23 mg/L to 1.29 mg/L in 3 days,
was studied to reveal its denitrification methanism at the level of product characteristics and several denitrification enzymes
encoding genes. The results demonstrated the bacteria produced large quantities of CO, and N,, but small nitrite and nitrate
accumulations. Furthermore, strain Y Y-5 had ammonia monooxygenase encoding gene (amoA) which encodes the enzyme
to oxidize ammonia to hydroxylamine. Also, the strain had a new hydroxylamine oxidoreductase encoding gene (fao) whose
sequence was distinct not only to that of autotrophic bacteria but also to that of heterotrophic bacteria. Its napA gene was also
great different with the reported genes from the known aerobic heterotrophic bacteria by Blast comparison. The strain was
identified as Acinetobacter sp. YY-5 according to its morphological, physiological and biochemical characters, as well as 16S

rDNA sequence homology comparison. Fig 6, Tab 3, Ref 15
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SEACHN B | e WA T B S S A 20 T A A [ i UL B
TR B, ARG AURIE T B AT AN A 9 0, (H TR
X BT R A M T RS NS TR, X AR BRI | AU R
Tl B AL T 2557 W AT 580 PR = . AR SO i A
THAC AR R BEAT 10 B A, FF AR BURE R R o3 1 A W2 A
JEE X HAC LB A A2 R AT T WF5E.

1 RS 7 1

11 BEFRE

L1l RFEMAEFRE  (NH),S0, 0.5 g, JEHIMRHN 2.17 g,

AECER W 50 mL, PIOKIEME, #hFE 281K ZE1 000 mL (&
w7 AR B R, WM A 2% 3008 ) . 4B [CE IR : K,HPO
5.0 g, MgSO,7H,0 2.5 g, NaCl 2.5 g, FeSO,7H,0 0.05 g,
MnSO,-4H,0 0.05 g, #fiftJa /K AE 721 000 mL.
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KNO,, HE RS Fmfb iR 4k.

1.1.3 FHERERIZFTE W 5 S AL B 55 2 00 SO R B
KNO,, H& [F] 5 Fe i 55 77 5.

1.2 FERFHEHEERTFL

121 X#E5E&E FHHRARENTIFEX, ZFE 75
FRARBR T A=A A M R S R A AL R 7R M R R
B HE2~3 wk, H:[A]3E B R 7B R R 3

1.2.2 EMHTHS EiF AEE B AR R O mLKG 57
W, T B RR S TR AL R R P30 €L 120 v/mindE R K
FE3 d. KNS AR, A AN R S E S DL LB R
SR 51 A SR A A B A %) R O R B 107, O s R TRE A BT
ffIE SRR, 30 °C . 120 r/mindE RS 753 d. A& AR,
B TS WA B 22 0 5 R0 4R e o 7 S 9 i A T R o 3 3
FM, 30 CHiFE3 d, PRICAR &, 1B R4 7 .

0 0 TR A R T B SRR R SR, 30 °C L 120 v/mindE
IR$E3R3 d, AT 0. B S S AT S B S 1 B i S e 1 b 7
SR AL R R 55 R R, PR YR LAk e vk, R4S 2 BT O
PERE.

1.2.3 EFKBRRUEMERMERS  REER LRI . B R R4
I3 s AP RIS - N-(1-Z835)-2 ot v &
RAIE . RGBS . R AL - 28
HhFOEIEEE B CO,. N OE 7 ZE : GC/TCDAG I N,OZE
= FFHGC/ECDAE .

1.3 EHREIERE

131 WEF%E PRI T L e R e, SR
JEC B WAL AR IE 45 [FIET, B B PR TTEOL-JSM25SH 4
CIERTAT CTR U SIS

132 ASBAEACTE Al ARSI AT ST

iE.
1.3.3 VITEKIEM SR ILEE P R R e B B
Y5
1.3.4 16S iDNARLE I ELE F] FH DN A$E B 57 & 12 B 4

BB, PCRELIN 5140 UL 321, WA 2R (R 2H 7y - DNARS AR
2 uL; ANTPIRA ¥4 uL; TagDNAR A1 uL; 5191451 uL;
Taq DNAZREA 1410 x J2 N 22 S wls I AL ZE K B 2R
A150 puL. PCRJZ IV 544161, 94 CHilAE 1410 min; 94 °C, 1 min;

52 °C, 1 min; 72 °C, 3 min, $FF730ME; 572 CHEAfiji7
min. PCRF=Y) 28 1.5%35 5 A EE s FL Tk, 164 H AYDNA R BEIF
YIF, SR B A TAEY AR IR 557 BR A 7 A U DNASE I [B]
Wit 50 B R AT gk Dl I i O = AR RS A, T
45 B A GenBank it 17 blast/3 T

1.3.5 SBEMEEERE (amoA) RIY 1 Z:JSCHR(7], (R
PEELE | AMOIF/AMO2RYE R N 519 it 47 £ 5 PCR, 5149
PG X (8] S 34 R B BE L2 1. R R Ak 24 A TR AR R
MR, SRR Z N 10x 2 W ZZ ik S _L, dNTP (2.5 mmol/
L) 4 BL, 37514 (10 Bmol/L) 1 KL, #5149 (10 Hmol/L) 1
HL, FHR2 BL, Taqf (2.5 U/ML) 1.25 ML, 7K35.75 KL. PCRJZ
N 2R 94 CAEMES ming SR HEATI0ONEIR: 94 C, 4055 40
°C, 40s; 72 °C, 40 s; HcJ572 CHEH7 min. PCRFZH) £21.5%FBr
EOBREE B FL K I Atk IS, IR R R 5 A N R SE AT,
I 45 542 38 GenBank i £ 7 blast/#7.

1.3.6 RIREILEE (hao) EEBIY 1 FR A5 B R I8 A hao%k:
FF A, S5 RIEAE g, R Oligo 6.08E 47 514 ¥, ik
PR SFIX 51 X HAOL/HAO2, [a] i % L3 T HAOI1/
HAOIAE N N 51 ¥ it 474 2UPCR (F£1) .

TRk 2 b 2 i i SR R, PCRIZ AR ZR M2 10 x S i 2%
WIS BL, ANTP 4 ML, EUFESI#HAOL (50 hmol/L) 1 KL, T
514 HAO2 (50 kmol/L) 1 KL, B4Rk 2 1L, Taql (2.5 U/LL)
1 ML, 7K 35 BL; PCRJZ I 251+ 94 CAEPES ming SR #4730
AEFR: 94 °C, 30 s; 52 °C, 30's; 72 °C, 60 s; )5 72 CLEfR
7 min. BFIZPCRFA= Y AR 1 T PCR, SMAR R 2 ALH -
10x [ W25 11, dNTP (2.5mmol/L) 4 KL, HAOII (50
tmol/L) 1 BL, HAOI2 (50 tmol/L) 1 BL, PCR™40.5 UL, Taq
fifi (2.5 UML) 1.25 KL, 7K37.25 LL; PCRZ W 554 : 94 A8k
5 min; RJFHEAT20MEFR: 94 °C, 20 s, 40 (42, 45, 47, 50,
52)%C, 20 s, 72 °C 20 s; i 72 CAEMHT min. I 4li4k 5 Y
HAOI/HAO2Y ¥4 =Wy 751, th K8 F AW AR SERE, Iy 45
L 2E GenBank itk £ 7 Blast/3 .

1.3.7 ERMEERHIFREETEERERE (napA) HIH 18 Z: 8
SCHRE. PCRY G4 WL 1. AR N : DNABIR, 1 uL;
ANTPIR &%), 4 uL; TaqDNAZE G, 1 uL; 5149452 uL;
TaqDNAZR G HF Y10 x 522 WS pls AL ZE 7K 28 AR

=1 EZWATASIY
Table 1 Primers used in this study

5 FIRAE i i FAl (5—3) PRI
Taget gene for amplification 519 Primer Region Sequence (bp)
Product size
P1 8~27 AGAGTTTGATCCTGGCTCAG
165 rDNA P3 1492~1507 TACCTTGTTACGACTT 1500
AMOB 249~267 CATTTTATTTGATCCCCTC 233
ZNNEREEH (amoA) AMOE 1059~1081 AGCTTGTGAGTATATTTAGAACG
Ammonia monooxygenase A AMOIF 332~349 GGGGTTTCTACTGGTGGT 491
AMO2R 802~822 CCCCTCKGSAAAGCCTTCTTC
HAOI 989~1011 CATGGTCTGGCCGAACGGACAAT 460
PR IA LA Chao) HAO2 1431~1450 TTCTCTGGAATGCCCGGAAC
Hydroxylamine oxidoreductase HAOI1 1065~1086 AACGTGAAGTTGCCGAAGGTT 327
HAOI2 1373~1391 GCGAG TCTTG CGGGT GAT
JEFRETR E638 S B I FE LD CnapAD NAP1 1188~1212 TCTGGACCATGGGCTTCAACCA 477
Periplasmic nitrate reductase A NAP2 2064~2048 ACGACGACCGGCCAGCGCAG
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50 uL. PCRJZ I 251 : 94 CTAEPES min; 94 °C, 3055 59 °C,
30's; 72 °C, 1 min, #4720 MEH; feJ572 CHEMP7 min. PCR
T4 1. 5% B N BE E IS L UK O T AL S, R E A EOR
(RIE) AR AT T, )7 45 2 $2 58 GenBank i 17 blast/3 A7

2 FR51TE
2.1 BiEAEHIisE

3 o A7) 7 R0 A O, O 2 MR R 0 S R
Tl T A S 5% T Ak B % 3 (O 4 JE 92 6 e T, 2 G U
), 30 C. 120 v/mindE PR 55 3724 b i I0 & 0k B AR Ak,
T A R W AR L 3R 2. N FR2AT LI I, AN B B bk
M, Y Y-S USRS i, B53R24 W SR TP A EULT A
JIR 64 PRI 6 5 Y Y-SR AIF 5 4 2 T AR

R2 HEAEEKEBEASURILER

Table 2 Comparison of denitrifying abilities of the screened

bacteria

Strain p(NH,"-N)/mg L"!
Control 58.49

YY-1 11.96

YY-2 3.58

YY-3 6.12

YY-4 13.11

YY-5 —0.063

YY-6 14.17

2.2 EFKY Y-5B EAT[E) ik E

4 B B R TR 3R 3, 30 °C L 120 o/mindE K 55 55
3 d, FFRE—E B TR R IR AR RS R T
W5E, BB YY-5T30 °C. 120 o/minf R 55553 d, HhEcm
A, KN, 0,52 N,0.

SR LW, YY-51E3 dPPRE 2 A 95.23 mg/LIEfif %21.29
mg/L, BRIk 598.6%, [ AT A & BH 0 A iR £ 20 . i iR 16
AR XY Y-55 B A Y FE AT R0, & BLCO, FIN,
B 2, (RN, O Ji, X5 E 4 1 K 22 85000 204t 7 11
PR AR AT

w120

S
IS
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Fig. 1 Variation in nitrogen compound products during the ammonia
oxidation by strain YY-5

2.3 YY-SEHKBIEE

231 MAEZEE  YY-SHHEZRMM, sk mirk, 54
0.4~0.48 wm, £ JF0.6~1.1 km (K12) , BE/ME BRI 2,
R MESE 25, WOFE HA5E B R 8RR TRUZ T BUTCIR B s, AN
7R

232 HBENETE YY-SAREUEAT AL B, ARl TL
Pk W, PR AR EE R, EALEERH Y, SR, LA, AR

2 ¢ N - "l
- ”pfﬁfﬁ,-nﬁ: .
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Fig. 2 Scanning electron micrograph of strain Y'Y-5 (X7000)

. ARYE IS 53 25 T ) W25 05 % 1 A Sl i s
( Acinetobacter) .
233 VITEKHEMOTNEE  YY-SEVITEK A9 5 Hr
A e g M it B RS AT & ( Acinetobacter baumannii) .
2.3.4 16S RNAKIRIEMELLE  FUHSIHPL. P34 & 15 2]
B Y Y-S B #k B DNAKE 5 4 747 38 36 3 36 7= ) 320 17 30
BE LUK, 455 B/ AITED 500 bpib ¥ 16S rDNA B 5
PEAAT, X R A0 R 14514 e 91 45 3 58 GenBank ( gi:
AY639376) . % )T 5 Blast[Fl Ui M K R 45 R %W, YY-554.
haemolyticusF JRYE R =, “H99%. FIDNAMANY H 543
B JE L2 16S rRNAR] 5 AR AT J A6 5 PR3t A5 ) T8 2 2 ]
A, YY-55RSI T e R e, S A LA A S AT B
YR S TR U AR 22 55K (E13)

1 O(I)%

=)

95% 90%  85% 80%
1 1 1 )

Acinetobacter calcoacticus
Acinetobacter rhizosphaerae
Acinotobactcr hacmolyticus
YY-5

Acinetobacter johnsonii
Acinetobacter lwoffii

Acinetobacter anitratus I

Acinctobacter baumannii

Enhydrobacter aerosaccus
Moraxella cuniculi
Moraxella atlantae

Psychrobacter faecalis
Psychrobacter alimentarius
Psychrobacter adeliae

3 TAFEY Y-S5 168 rRNAFE DA [l Y A6 b
Fig. 3 Phylogenetic tree of YY-5 based on 16S rRNA sequences homology

LA UL EEER, WA K ARRY Y-5)8 T AN ST e, %
HiAw & M Acinetobacter sp. YY-5, Hoip “YY” 03 “RF1k
Uige” .
2.4 Acinetobacter sp. Y Y-SHIEE RIEK 1§
241 NO,;-N AME—FIRNETT2 Acinetobacter sp. YY-5
FERYRR ER I F2 3, 30 °CL 120 vminf® K KE 3772 b, WKk K
AR, A, AR A, ZAMEAE N & 722101
3.

HIZR3ATUL, S IR IR G, B 4LI7E 72 hIN AR £8 A
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R3 HEREMITHEREEFEPEZSRTMRREETN
(p/mg L', xts, N=3)
Table 3 Variations of nitrogen compound concentrations in
nitrate and nitrite media (p/mg L, x*s, N=3)

g AR . Wf? ] AL
Group Nitrogen oncentration Concentration
compounds 0h 72h variation
NO,-N 134.89+4.12  141.32£1.57 6.43
Control 1 NO,-N 3.68+0.29 4.61+0.12 0.93
NH,-N nd nd nd
N 137.26+£12.45  147.81£3.18 10.55
NO,-N nd nd nd
Control 2 NO,-N 124.35+4.54  146.47£1.16 22.12
NH,-N nd nd nd
™N 123.15£0.466 147.88+1.44 24.73
NO,-N 135.47+£3.61  105.79+3.59 —29.68
NO,-N 3.914+0.04 4.1610.13 0.25
Yy-si NH,*-N nd nd nd
TN 137.2942.07 147.63+2.44 10.34
NO,-N nd nd nd
NO,-N 122.92+1.32  103.1440.943 —19.78
Y¥-52 NH,-N nd nd nd
TN 122.1640.221  147.38%£2.02 25.22

nd: AAIH Not detected

FEAK25.14%, WAKMR LA BRI &, TR AR, BAE
AN RICRT LIy, /5 I il () i 1R Eh bk e AR TRl Ak, I
R A IR AL

% &

14 Acinetobacter sp. Y Y-S[HAHCHERIPCRY S Hi K 4]

2.42 NO,-N AME—FRRKZIZE Acinetobacter sp. YY-5
TE AR R 3555 5, 30 °C. 120 v/mind2 K 153572 his, Bk
KA R. MR A, WAL A, ZAMBRN & Rl
U3,

A 3R L, St RELH 2R EL , I B8 4H 27 72h PN 1 il R 46
R T29.58%, LRA . MERHAE, BARELAEE.
BRI T AN A, o it %) ST PR b A T T BRI AR, R &
A U R LA A
2.5 tHXEEY 18
251 REBEMEBER (amoA) B 18 43 5 AR B e
s 2 ik vk 4R B AR DNAS AR, F A 514 %F AMOB/AMOE i
FPCRYEJY B4 F] T H 4 7 BE (833 bp) , HALHE 2 HIAK (&
4-A) , WA B S50 b 35 R BOE Wk 24 A T AR OB AR

FIH 518 AMOIF/AMO2R 17 E R PCR, 45 4 i /m A

Yitiey 1 2 K BE DNA /B (1514-B) .
2.5.2 BRIRENEER (hao) RYY1E FIH5I#HAOL/
HAO2Z: PCRJZ 3 9™ 14715 8] 25461 bpH 9 H Bt ([&14-C) , 1
Acinetobacter sp. YY-5N 5 45 haoFk: 5 1 | F{HAOII/HAOI2
AT PCRY H, & 2 IR BRI SL 96 451, SR 1 1
H R B

Xf 4lifk 5 ITHAO1/HAO2 PCRY B4 7 My 47 4li Akl ),
A K B 3l 3 Blast/E GenBank T gE AT A% R L XF, 4559 oK,

Fig. 4 Electrophoretogram of the related genes of Acinetobacter sp. YY-5 by PCR
M: DL2000; 1: amoA first PCR products; 2: amoA nested PCR products; 3: hao; 4: napA

10(I)% 95% 90% 85% 80% 75% 70% 65%
1 1 1 1 1 1 ]

Agrobacterium tumefaciens

Pseudomonas sp. G-179

Thiosphaera pantotropha (LMD82.5)
Rhodobacter sphaeroides f. sp. denitrificans
Alcaligenes. eutrophus

Ralstonia eutropha H16 megaplasmid pHG1
Pseudomoans sp. y2-2-1

Azospirillum brasilense
Bradyrhizobium japonicum
Escherichia coli K12

Acinetobacter sp. YY-5

Actinobacillus actinomycetemcomitans

Vibrio cholerae

[€5 Acinetobacter sp. YY-5 napA53L¢

H

e

_|_

Bk nap AL 15

Fig. 5 Phylogenetic tree of Acinetobacter sp. Y Y-5 based on napA sequences homology
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Acinetobacter sp. YY-5Mhao& K5 81 £ 4R & [ hao3k A J¥
FUAT AR R 22 5, S EOR 5194 HAOTI/HAOI2 AN BE Y™
B B0 B KA 51 G g AR SE T A X s e, XA
299~1 318 bpktj Nitrosomonas europaea ATCC 1971871 K- 5
JIEE A 11 5 DN 1) 8 A A IR Ol UE S5k — I 4 IFE i P PCRAE
FESYHTE, B RIRTIR, MK SRS A, B,
Acinetobacter sp. YY-51hao: K 5 A 1 haokk [ H A R
B 22 590, A RE R — R By LA
2.53 FERMEERHRTREETEER (napA) 15 #l4-D
FH, Acinetobacter sp. YY-5R84" 1 877 bpll) 4 57 27k, X
225 AT Al Ak U 9T 32 28 GenBank ( gi: AY639377) . i it
Blastff GenBankH #1782 L X, 255 .78, Acinetobacter
sp. YY-50napA3LH 5 Escherichia coli K121 napAFkH [F] 5
PR, 5 5100%. | FHDNAMANAEK X Acinetobacter sp.
YY-55 FHE ARG R UEAT R BT I E R G R B, 4551
NESRR

K ST LAIE H, Acinetobacter sp. YY-5/napA3LH 5
O 4R 38 1Y 4 8 A8 AL B U Agrobacterium tumefaciens., T.
pantotropha [ nap AFE I [RIRE IR &5, 153518 68.6% 5
67.2%.

4 v e

19984F, Richardson® 4 i i 53 77 il £ B it 20 FH G il Y
WRAWFGT, 48 TR AR Sk 129, WLE 6. filiik
H, SRR v R A AN (AMO) g E A AL N
JHe, 3 i il e — 2R SR SR AL B AR A RO AN 0L 41 2 B 2 e SR AL
it (HAO) MYFEF 5516 M I AS FR 3R 5 N,O. 78 4 UG 1 T,
S I HAOT] K 2 i i Ak WA R h e /D 2N, 05 75 R A Bl
U AU 0 K 72 e B A NLO. |

2NH,0H+0, — 2NO, +6H++4e  (4f%)
2NH,0H — N,O+H,0+4H++4e (JRE)
Ny
l' ARG LERR
oo Poriplaamic NAR
NOy NO -+ 110 » 11
4 PRl
1 - -
: ,:,_:_’ BREEALE
=T T ic HAO
NH;O
v = = == WMVEST  Nitrification
- ’.{ SAEACYER] Denitrification
BN AUD

LN Enzyme catalyzed

[€l6 Richardsont ¥ = il LB AR R0
Fig. 6 A scheme for heterotrophic nitrification passway proposed by
Richardson %

(1A, 57 5% A A0 A0 B i AT 4 S i Al . RN R A
72 JA BUfl FR £ 14 JRURE (NAP) /EHT Rk o W Ag AR £ B
NO,”+2H*+2e — NO,+H,0  (4f%)
Vi R ik ST 368 5t — 2R ) - 46 i 1 il I o e ¢ 5
AN,
R E Acinetobacter sp. Y Y-5J2 75 th J2 3 1 X Fp ik 42

PEAT LAY, FRATT 43 5 LA 18 6 00N il 7R R o ok — S0 UR X
Acinetobacter sp. YY-53E47 TH; 3%, 45838 W], Acinetobacter
sp. Y Y-57E LA R 5 010 Al 2 o0 o — U A By 3R 6, mp
VIR 5, (RS 1%k 20 A0 i 1 SR A /0 B RIS, i He
145 B AR T AR A AN S 3 A At 0 i 2 3 S 3 R Ll
T A& G, WA 20 S A e A o & AR, B,
Acinetobacter sp. YY-5FF /N HE i i Richardsona5 #fE 0 (1) 1€ 15
RN WA AR, B IS A 1 T e 7 R I HAO
Ak SRR B A PR B, SRS 28 U AR R Ak b A R AR
JFEAE DA R p, RIS N O A (B A SOk 4
i), Xt 5 Richardson®s 4 iE (Y 57 77 ITHAOMIAE HIA ).
Acinetobacter sp. YY-51 2 A ACH AT g -8 o © 8 1 i
12k 58 L.

R HE— L WFIE Acinetobacter sp. YY-SIH I A ALFR, AT
Xt Acinetobacter sp. Y Y-50] BEAF A 1Y — L 15 U AH SC JE R ifE 47
T4, 8 KK I b Acinetobacter sp. Y Y-5SHIA i &
mIRH AR

amoAJE G i A NNEH (AMO) (3L, AMOR K 2
REAM N R, AP A 3 A5 — 2P R . hao
2 g i 52 e AL B (HAO) W3 A, i e i Ak 1 R v
A E AR, MR LE S IR AR A 3 A Ak A0 B P X B R
—ANHE, 7E AR A =D, HAOS 4L, TIRTe
U AU SR A SR R R I S T I U2 NO, 5 TR SR I AL
AR HAON R 4L & A, 7247 A H A FR B 0y = W 2R
NO, . [FIIHIL A0 BENLOP 5 75 DK AR sl B 26 P F A
(7= ) £ BHN,0 101, PCREE KW, Acinetobacter sp. YY-5
LD A N YT BEY 3 2R 5 1 amoASE R Fllhao KL A, TR I 41 U
A AT RESE Z AMOMAL L AL 2 e, RIS, X 4714 i A 8 43
haoFL R BEAT I 510 5 Al GenBank Blast)i & ¥, Acinetobacter
sp. YY-51hao& K )7 51 5 C 4z 38 19 AH ¢ 3L R 3 51 R 6] (FE
— RS PR IE Tk L X1 299~1 318 bpAb iy EE A
¥ % 5 Nitrosomonas europaea ATCC 19718 5t 5 Ik 45 [ K]
oS¢ 4], I, Acinetobacter sp. Y Y-51 haoik [F ] g
ST PR FRAT T AE 22T SR 114 52 v X 3 ) i —
I,

napASE R 3235 77 Py 2 A TGS 12 6 0 TR B (NAP) 1) —
AL, B TR Eh18 JEHE (NAR) HDE R S5 140 J5UA S il R 16
TERAMWHAFRMIER: —FZBENAR AR E 5 b B
T, X AN U T —Fp O R TINAR, HER RS
T PR A T SN ERORR, TTRE S A 4R A G, NapA
S BINAR iz K1 — AN BE 02131, Acinetobacter sp. YY-5
TEOF A SR N RE S R TGS R 2 5 i 8 B AR, iz A —F
FEUF S A5 AT T M O 6 TR 3 TR AR 48, T Al R R 148 R
i 212 RGeS — - Tl AT A Tl T R 2 R BT PR AR
IO, PRI X A R B F R nap AVEAT T 9 88 MU Y, 7
S TR AR A R UE B TR AR A T D R TS TR $h R R R 58 A
AT S Y NAPI/NAP2, i i PCRY 4, 3515 ThapA
FRE S W7, DU 25 3 B 5 O R GE 9 g 0 RO AR e,
Agrobacterium tumefaciens. T. pantotropha®s Wnap AL A IF]
PE Pk TN i, H55n] R R R 6 AR AN BE 1F AT 4 SR g Ak



5 4 5 IR R IR R Acinetobacter sp. Y Y-S5 5385 % 58 M I AL ER 697

#J Escherichia coli K125 S8 nap AL PHAT A5 =5 A9 [R) 5 1
(100%) . X 4278 Acinetobacter sp. YY-SATAE J& Ji il FR 15 14 Ji7

fifg, 4 Acinetobacter sp. YY-5P FL A A 7E IS IR 8 rp b Ji

TEER R R G, 3 — FRGE I A2 A IR R S04 1R #h 5

AN, , T2 30 J5 Ay R[] A6 T ) 7= 4.
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