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The analysis of microbial community diversity and N-nitrosamine
changes during pickled processing of marine fish
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(Zhoushan Institute for Food and Drug Control, Zhoushan 316021)

Abstract: To study the relationship between microbial community diversity and N-nitrosamine changes in
marinating process of ocean fish, the methods of constructing 16S rDNA gene cloning library were used

to analyze the diversity of microbial communities and the change rule of dominant bacteria during the
pickled processing of ocean fish with different salt concentrations, at the same time GC-MS method was

used to analyze the change of N-nitrosamine in different periods of marinated ocean fish. Results showed
that Psychrobacter in the pickled system with 1:4 and 1:8 salt fish ratio was the predominant microbial
communities in the early (5 d), metaphase (10 d and 15 d) and later (20 d) stage. The changes tendency

of the dominant bacteria Psychrobacter cibarius was first increased and then decreased. N-nitrosamine
content in these four periods was also increased at first and then decreased. Microbial diversity of the
pickled processing for ocean fish could be investigated by 16S rDNA clone library method, and the

content of N-nitrosamines could be detected by GC-MS method. The research showed that the change
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trend of the dominant strain Psychrobacter cibarius was consistent with that of N-nitrosamine content
during the pickled processing of ocean fish, and there may be some correlation between them remained

to further study.

Key words: pickled marine fish; 16S rDNA gene cloning library; the diversity of microbial communities;

N-nitrosamine
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ZR T Vv X6 P T i 7 ot A R k5] e
HWith, EE f ROt S Y RISk A
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PP (GB 2762—2017)H5E T PA K Pl il 5 FrN-
R fEEE(NDMA) ) PR &b 4 < 3.0 pg/ke,
7K P2 # R el 5 A N- BRI A 2 (NDMA) Y
BREARIE A <4.0 pg/ke™ ., REEARIIE & FAS I
AREIFRTFE, T N- A e A% 0 12 %2 F
2, AHEEAES. SMHAEE. S8RiHeG
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WiElEEEEA —EBL. BARERRLER
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FREANRETE 42 I WLl = b e Tl 1 2 rp B TREFR 2R 1Y
LR, A THEYSHE AR R R HZ16S
rDNA v [ SC 5y Mri R 28wk T 1548 75 3 ik 32
A i R SR IR . T 16S rDNAFFI A R <7
PR A P, BE AT DL e A i SR SO R N
ST ARG K B E, XATURHEAEF. &
F &5 # AR AL P P R R R P 51, & A4 Fh
B E R4y TR, [ 16S tDNAJFFI 4y b
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A E B RGP e 2RI
SR H 16S rDNA v e SCE IS T i3
R R b 2R B AR 1L SRS R 16S
rDNA T [ SCEEFIE T M AR I il i 2 40 i 1A
FELH B S AR AR RS T . AR SR FH16S tDNA K [H]
T, I S 4 BT 5 9 R S IR 7 o I ok R A B R
PEI 2R R CAR AL, ] UM € - 5T T B
P AR 7 7 it I 1l 22 N ST R B 1) 55 e
I oy B 7 i o 2 B TR P RTINS i
SRR, oM R E S R RS,
Al A A A R S R
R RE .

1 #MR5EE
1.1 #MR55

Wk WL I ARA T Yy; EzupkEidl
A& R4 DNA 2R 75 & . DreamTaq-TM DNA
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RAWEG. ANTP, SanPrept:.DNA JiK 1l i iR 7l
& SanPreptis U DNA/NE 2 I A& b
g T A TR ARG AMRAF; pMD®18-T
VectoriE X1 & FAEYW TROKE) AR F
(Ki%Takarazywl); 5. bipAd TAY TEEAR
MRS AR F; N H Az (4 EE98.0%) . N-
CRFE LA (21 98.0%): EECILAY H]; N-—
CHTHNE (A E99.9%) « N2l i £ AH g Joe (4 &2
99.9%). N-ALAHAIRIE (4l EE99.9%), N-—T &l
A (4 E99.9%): 25 E SUPELCOA .,

1.2 {UF{5%%

My Cycler PCR{¥. Gel Doc XR&EIK (% %
28 HIKIL: FEEBio-Rod2yH]; MicrofelIRE
OHL: fEEBECKMAN COULTERZ &; Agilent
GC7890A/MS5975C < AH €4 1 - it 1 Ik (XL (G C/
MS). EEAgilent2yw], BlfE7683BH ghit e
# . M OR AL T AE R, DS-1 @4 45 Rk
Hl: E#EbRAEIAI] s SER JSEO9L3 1 & ol %
BLOML; [EFEAEREE . 5 E VISIPRETMDL 2
Al; KQS200DE%im M A G vkas: RIIm#E
FEPALEE AR w] s BOCR B e iR A s EE
Talboys2y &),

1.3 RIFFE

13,1 gk e R % Ge T ek e il gk
o T W SE i K i (s R f) PR IR 25
ERIE, FREFFIBAZS, Li—Ef—EERrn
FFATICE, bk B 14RN1:8, T oAk
JE120 d.

1.3.2 16S rDNA G/ S B ST

1.3.2.1 ML EDNAFEEC R HEzuphs A g A A
HADNAHIRIAFE, A EH DT, O,
5. 10, 15, 20 dyiEdili7k f il iy 1104 ik S
mL#Ef 7 S DNAFIFEEL .

1.3.2.2 PCRy-#4fift.mlly PCRY At FH I jL
Z K. 10X Buffer( Mg’ 2.5 uL, dNTP(4-2.5
mmol/L)1 pL, DreamTaq-TM DNAZE & #50.2 uL.
ETFW#EI4(10 pmol/L)4-0.5 uL. fEfDNA 0.5
uL, JHTCEHAdH,0%ME25 uLfk % . PCRIFHITE
INGMEA: 94 CHIAE 4 min, 30JEIN(94 CAZ
PE45s, 55 CiRk45s, 72 CHEfH1 min), 72 C&
SAEART0 min, SRAII%EEARHE R LK, 150 V., 100
mA 20 minHL M 22, PCRF=MyH bk S5 b5 T
DNA H 4, RA4Aifbilmgx B &arit 17
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aifb i, §HE s A&,

=1 16SIDNAF-1E@A S|

o AR 35" =37 ) 514 K& /bp
7F CAGAGTTTGATCCTGGCT 18
1540R AGGAGGTGATCCAGCCGCA 19

1.3.2.3 w4 Takara pMD®18-T Vectori&iis
R G SR PCR ™4 5pMD” 18-T# fk
A, LB ARAMIEE. coli IM109, fikists
At 5 HA B I 14 A AE 71 4% 20 pL 100 mmol/L IPTG
F1100 uL 20 mg/mL X-galifs i (R F B H ik
FF37 CHrFt . #zSanPrepi: R I DNA
ANER R S BRI EURCRL, F 5 [M13+F0
MI3—3EAT9 B . 5/ B B EAS 3004 PH 4
TP

1.3.2.4  ZHr%n]  filFEsE % fIDAMBE, DNA
star, MEGAS.0Z: 8k (01149548 0¥, 1FGeneBank
e A TBLASTRIEPEEL X, 20 #r HTa b IR
VIR RGBS Z Bl (DA FFE .

1.3.3 N-EfEfAaml

1.3.3.1 AESHATCEE  FREURERIE K AL 10 ghy
W2 EF50 mLAFER.OEH, MAL0 mLO
i, WEEL min, 7E—20 ‘CyKHEH %30 min, fi
N2 B8 SR - FnZE Bl (4 ¢ MgSO, 11 g NaCl)
HER7%30 s, BEJ5FLA8000 r/minfE0 “CKIEE
0310 min, B {6 mLAnA |15 mL Bond Elut
QuEChERS A Jii 4y 4+ £ % (QuEChER S 2 J57 45
Hfb %4y : 50 mgPSA, 150 mgCl18Ky, 900 mg
Na,SO ), {AfiEl min, FELL8000 r/minfE0 ‘CAK
IR B0 10 min, HERKZ0.2 pm)ERE g5 E T
BRI AL .

1.3.3.2 GC-MSy#rskfit ikl AR
DB-WAX, 30 mXx0.250 mm X 0.25 um; #<A
He (4} FE>99.999%); &k 4977 & 43 mL/min;
BEFEREAC A o iR AR 1.0 L JR4ATR
FE40 °C, 453 min, LL10 C/minf}EZFE110 C,
FELLLS C/minFHEF200 C, FELL40 C/minTHE
8240 C, PEFEOIREEA250 C. B BT
I BE230 °C, PUARAF 150 °C, 42 F i 240
T, BEHAOVHBFELGEDE TR, BTRERT0
eV, HEMEEEI671 V, SIMRERK, H
fili R VG A (40~350)m/z, [HI{E 150, RAEEMZ
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2 HRESH

2.1 AEEh@EEEAETR16S rDNATE ST EMIE
2.1.1  L:AEhfa PL Rl #2404 16S rDNA LI 34
Kol 143kt LL ik i I A 54N A TRl i 41 150

A~ BH A 5 B - B 0 - 485 R 7E GenBank 5 47 /2 v iF
frBLASTI[EJEPEEL*E, 1504~ 5% 1 5 GenBank
B 22 R EL NN A Y 16S rDNAJFFI AR P 75 el 72
95%~100%., 1:4Eh f Db ilvRE 7Kk A R e B 410
FEE M E 25 R 2.

FE2H RGN, 1AEh fa bk fa i R R

#2 16S IDNATZ R PEA DT 4b & LR H Bk B MmN AE AR AN ER

AR M ) B R 69 L [ T 40 E & /%

HhL el 0d 5d 10d 15d 20d
¥ 44 8 (Clostridium) JB AL SF 3845 B (Clostridium putrefaciens) 40.0 23.3 10.0 20.0 20.0
Clostridium tagluense strain A121 133 0 6.7 0 0
At A4+ § (Psychrobacter cibarius) 33 26.7 30.0 40.0 26.7
i i & o AT B (Psychrobacter maritimus) 0 20.0 0 16.7 33
IKAB > A4 B (Psychrobacter glacincola) 0 10.0 0 0 0
2% /47§ (Psychrobacter faecalis) 33 33 0 0 6.7
Psychrobacter sp.298B4_12ER2A 0 0 0 0 33
v A1 8 & (Psychrobacter)
Psychrobacter fozii strain Spedv2 0 0 6.7 6.7 0
Psychrobacter sp.P2-18(2011) 0 10.0 0 13.3 333
Psychrobacter sp.SON-1410 0 33 0 0 0
Psychrobacter fozii strain 0226 0 33 0 0 0
Psychrobacter sp.88B3_12ER2A 0 0 0 0 33
1B B0 ¥ & (Pseudomonas) % A8 8 i (Pseudomonas fluorescens) 0 0 26.7 0 0
RAB#ZJe ) (Pseudomonas azotoformans) 0 0 16.7 0 0
3 FR EI0H (Pseudomonas fragi) 233 0 0 0 0
v A8 % f2 B (Pseudomonas psychrophila) 6.7 0 33 0 0
% % # & (Carnobacterium) 0 0 3.3 33
W F KA & (Serratia) B A E K (Serratia liquefacies) 6.7 0 0 0
4%+ 8 & (Chryseobacterium) 4% #F # (Chryseobacterium) 33 0 0

A6 BRI B, MEFIFF 450 d)F 2
WiEAZFERERE. ReREE. DEKEE.
SEAHIE. BEATEE, Kb FREewES
53.3%, REMEEL30.0%, FEMHBEER
FRBRWE, RBEMAELIFREEE, St
40.0%; JEHIS dEEHBAEASATRIR. Fak
WE, srBlhEh76.6%F123.3%, XA~ O3
WREZFEREEL SRR, AR EM
FIFERIE AT H . EHI10 dTF: S5 R A R A IR
J&. BEAEE. FakwE, HhEReRER
1746.7%, WBSATEIRH36.7%, ZFAARHE L
16.7%, PRAGHEM IR ARG RIgASAH R, 2F
AR T & G EL RS PEAL, (B e B R LR ¥ AT T
JENE LA, AR TR ) W 4 T R I SRR
WA HF B 7 ER30.0%; IS d32 2 B R A g AT

WiE. FREEFER. BERE, AR
WRERIREEHL, B ERE A S E S
76.7%, ZFHIAR T E 520.0%, PRHEFKIHAFE
BHESAFH : MEHI20 d3- 225 @ A e 5 AT i g
FHRERE. BHEEE, RAREANEEHER
Hi76.7%, AR R 520.0%, DRHAEFIIA A
TAME, HFEEE S AT B2 4 Psychrobacter sp.P2-
18(2011),

2,12 1:8Ehfh bhiE il FE4H R 16S rDNA b 3 %
Fi 1:8Eh f LhriRE K M i il S~ A [R] i B 150
A~ PR 5 B - B I 25 2R AE Gene Bank 547 J42 Hp
frBLASTI[EJEEEE*, 1504~ 5wfE 15 GenBank
Ko P b E 2 Zm A Y 16S rDNA T FI AR V5 Bl 72
92%~100%., 1:8£h £ LU il ik 7k A [ IR S 20 1R
FE I E Z5 R W3 .
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T~ M ) B 0 69 L [ T 408 & /%

Ll RamiAR 0d 5d 10d 15d 20d
#7044 8 & (Clostridium) }EHL ¥ 784 B (Clostridium putrefaciens) 13.3 0 0 0 0
B4R B (Clostridium histolyticum) 33 0 0 0 0
% Jc A% B (Clostridium proteolyticum) 66.7 0 0 0 0
FxAt"E 447 & (Psychrobacter cibarius) 0 233 30.0 43.3 30.0
It g & 7 AT B (Psychrobacter maritimus) 6.7 10.0 33 10.0 16.7
KA 44T H (Psychrobacter glacincola) 0 6.7 33 33 6.7
32% /47 § (Psychrobacter faecalis) 0 33 10.0 6.7 6.7
i =& AAF B (Psychrobacter pulmonis) 0 33 10.0 0 6.7
e & & AT B (Psychrobacter celer) 0 6.7 6.7 0
g Ko 4% H (Psychrobacter aquimaris) 0 33 0
Psychrobacter fulvigenes strain KC 40 0 33 0
w& AT B & (Psychrobacter)
Psychrobacter sp.M3-2 0 33 6.7 0
Psychrobacter sp.strain ANT_P10B 0 0 33 0
Psychrobacter fozii strain Spedv2 0 6.7 33 33 0
Psychrobacter sp.P2-18(2011) 0 33 6.7 0
Psychrobacter sp.M4-12 0 10.0 0
Psychrobacter sp.R3.4 0 33 0
Psychrobacter fozii strain 0226 0 33 0 0 10.0
Psychrobacter sp.88B3_12ER2A 0 10.0 0 33 0
8.3 J2 & & (Pseudomonas) % A8 3 f8 i (Pseudomonas fluorescens) 33 33 6.7 0 0
T 215 % 8 (Pseudomonas putica) 0 33 0 0 0
AR ¥ fie B (Pseudomonas simiae) 0 33 0 0 0
3 F R E 0 H (Pseudomonas fragi) 0 6.7 0 0 0
Pseudomonas sp.44B3_12ESS 0 0 0 33 0
% % 1 /& (Carnobacterium) 0 0 0 0 33
¥ 70\ &K B B (Sporosarcina) i 7K 5 Jo\ & 3 (Sporosarcina aquimarina) 0 133 0 0
( ]anﬁi%oilfpﬁum) ¥ 2 ¥ &47 8 (Janthinobacterium lividum) 6.7 0 0 0 0
¥ %5 8 A (Staphylococens) J& £ % 2 3K 1§ (Staphylococcus saprophyticus) 0 0 0 6.7 0
I ¥ # # 3K § (Staphylococcus equorum) 0 0 0 0 20.0

M3 R G,  1:8Eh fh bl ik e il e v S
RS 74~ B 294 A, BEHIFF4R(0 d) 2w R
AEHBRE R SRR, RLRERE. 56
FREf g, D3R b A R R R i 83.3%, Hofth
B 5 16.7%, LR A MR R IERIS dE
RRBEABCITRE. BRAREE, PR\ &R
R, DU R 2 D v VAT T R 1 69.9%, 218
R RIES, (BB i B A 2F A\ R R 20 31
15 16.6%F113.3%, (LHEFAFRIELATH; M
HI10 d W R A AT R . R IER R, it
AR ARG B HAT IR 93%, (RN E 5 7%,
AR R IF ARG AT MRS dEEHE
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RAVEEAEE. RAREE. fakmE,
R R MR IR A E AT B R 1 89.9%, HAth & 5
10.0%, FERHE A EAERTA A & e e
MERI20 dFEZHB AR WaEREE.
BEwE, BAREREEL, RARERTAEE
R R 76.8%, K E 5 20.0%, RHAE
SRR FERE AT TR o
2.2 AEIE AL mBESITIEN- T RN E SR
Wi GC-MSoy#1 J5 s, (E1:45h fa b Fnl:84:
1 LK R S A AN [R50 BIAS TN - TR
R [6F L A4: N-ZHEEAZNDMA), N-—
IR (NDEA), N-— A A4 (NDPA).
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N-F &g k2 (NPYR) . N-ilp f 3 0g g
(NPIP), N-Z T A IHE(NDBA)& &, %
A 5 S 6 A4 - 47 F it BCE 2 (E . e 45
R FRATNZES,

HZRAFNZ S a4, 1:4f01:8h i Lhilg sk fa
e il A2 NI A e & = AR (LI R BA 5 BTt R

B, HI3AEHHO0. 5. 10 d) 2R B T,
15 dikFig(d, 20 d& & TFE. L4k Lbigdhltk
F A ] IS0 753 N - DI i e & v 1 108 4R b
e il A AR A3 HON- AR e o i, EL A& DA A N-
WAL &G 2R (NDEA, NDBA), J5#ill#%
HIN-MEGF AL & 4 A —Fh(NDPA).

x4 A& LEREKE FBHIR E N HIN-THEE S BUESER
o0 AR B B 20 692 ) 5 45 R/ (ug/kg)

N- 32 24 iz & AR

0d 5d 10d 15d 20d

NDMA ND ND ND ND ND
NDEA ND 3.524+0.10 3.004-0.30 3.961+0.48 3.52+0.35

NDPA ND ND ND ND ND
NDBA ND 5.30+0.38 6.80+0.76 25.8+1.26 7.25+0.90

NPIP ND ND ND ND ND

NPYR ND ND ND ND ND
Ao B ND 8.82+0.40 9.8+0.95 29.76+1.41 10.77+0.85

E: RENDRFBMG R EERTRUR, MN-ZHETHBENDPABR IR 40.3 pe/kgZ sh, Hi

STN—T WA WA MR 40.5 pe/kg, KSH.

&5 1:8%hE LERYEK B SR R R HIN- T e 2 BN E

#HR
N— 5% W] 7 ) B 20 4948 0] 52 4 B/ (ng/ke)
Ke bR 0d 5d 10d 15d 20 d
NDMA ND  ND ND ND ND
NDEA ND  ND ND ND ND
NDPA ND 2.57+0.41 5.69+0.49 10.8341.48 6.51+0.62
NDBA ND ND ND ND ND
NPIP  ND ND ND ND ND
NPYR ND  ND ND ND ND
Z’Z’géj\ ND 2.57-+0.415.69+0.49 10.8341.48 6.51+0.62

3 it

HH16S rDNATEFE Loy Hr & R vl s, 1:8%h
LU Tl (A 22 PR B LL 1458 f LR IME il 74 2 BT
FIRRE R 24, MR ERE . L4Eh bl
i Lok SR (R0 D EZEMA TR
B F R E, ZWBEEARR Az,
ZhHIRESMTERAR, SRTEETHEYwE
W' BEREOERIS. 100 15, 20 d)1:4hfa L
Till A 2 Fn 188k fa LU il (A 2 = 20034 B B ¥ oA v
EATHE, FUEMERI10 dibt 1458 o LU A& 2 11
PB4 R B T g AT B /M TR R iR R
Tk B AN [] 1 58 B8 o 118 14 T 11 i A5 18 7k £ e il et

FEIA [A] i o e 34 b (7 5 A 520 s RSB BEFP A
Psychrobacter sp.P2-18(2011)f55 kg A AT, H.
2FhER 1 LU IE LA 2 T SRR AT IR 5 B AR (R A
W, #34% LT, MERILS db Pbis Bl s, 20 d
b BE R B W AT 3R PR AR T A K R AF it
%, AR AERAT I, TN,
WiE. JoEFE, SAACEEPEYE. RREgFAYE, A
L ERERFEEME . KRR LRESREZWE
X 5y, WHEID TRESATE Ml REE S FT 1A
FREBATH . A DA E . BREEEDIN
K B i fvh oy BT 0% B 1Rk o 5 O 2H Tk B i R
RRE LK IR AL PO I & IR A T 1A
(Psychrobacter sp.)SE6X} BIIA MK « M 4EECHR
BRI M EG I TR R 4 B 60 4 A B 1R 4 O LK T 8
WA —EIMHEIER . BNIMNERA X TF#
FBHE T B FnPsychrobacter sp.P2-18(2011)fHF
FEARIE o
HHGC-MST5 A 1:4501:8£E #1 bb AN [w] g il
I BN A e & s R mT . N-IEAHIR & R fEiX
2FhiESIA R TR LR —, BA% BTG
TR, N-VAF I & 5 144k L il i 2 Tl
BE & T 8L bl ik R MR E, S5E
F5 70 PR v P HE AN -OIE A e 5 (e AR A A 90 B R
AR, 32 AT RE AR N % 7 A I R
A%, MEH R . B A] DL R R AN R AR 25 53k
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it Tl (A 22 v AR AT G5 A AN TR, RN R AR K

B AR o FTUAM R EESE A2 K L 1:8 4L

Uil i 2 g 1 AT B R Y o b 22 & T 143k fa kb

JHE Il A 21 g 4 FF TR BB o Bl T 358 I R 14 AT

PR & W] RE S N- O A A i A ot o e Al 0 T

AE T RE AT R o ELAK,  N-E AL AR B 52

Wi/, MEMILS disk, MEAGRE] TIE(E, &%

FF BB N fif e & s 2 Wik Bl ek, R AE

ZJEN-TLAH R & =R, miZ R b bt A i

fiX, W& ZARA TR B ARSI, 2 TR AT &H

JE A& AN A e A 7 300 A BB A% 1] FAN- I A e A

BRI & 5, DA B G 28 T AH 52 M O TR B ATL il 55

()BT dE— PR A A . it H b AH S WF 9T,

Bt — 2 8 7R B RS A AN -IE il iz & = 0 AH B 52

AT, b7k o e NI R R G

A o P R (R PR 2 4 B RS L
BE -

[1] RIEFeH] & L4032 EA AT R SRR RN AR A
s [D]. ki ki X #,2013

[2] EFAMF K= o b AR KM LA a2 A 5 42 4L
RBF R [D] Al i i ¥ 2 12,2013

[3] AR ELLAKMSEZ S T KEEibar 3 &[]
& & R 238 48,2007,23(3):116-120

[4] 448 % & K m L T EAE4[J]. & B K *,2002,(4):74-
75

[5] RmWE %K EEE,F 4 K= 5 N-T R4
ot B 0 R[] A% T Ak AH45,2009,(4):360-363

(6] Bz, @ AR, 7 Kk N-Lale£iLbhERDBRZE
FE[J]. R S e I % F],2005,(12):8-14

(7] E 5 A, H LW EHF L5 MK = oo F N-T2 5 i 4 i
08 F AT BRI 42 4] [J]. % AR oA 5.,2013,41(3):

@ PG Eshipink jEiF 6 4805

- 160 -

1271-1272
[8] GB 2762—2017, &% & B RiF AR P15 EMES
[S]
[9] E & A, A% FHEF.GC-MSik il 2 M #l K = & F
3APN- T2 2% e a2 [T A7 i i 3 2 I 2 4R A AR AT R,
2012,31(6):521-526
[10] Amann R I, Ludwing W, Schleifer K H. Phylogenetic
identification, and in situ detection of individual
microbial cells without cultivation[J]. Microbiological
Reviews,1995,59:143-169

[11]  HAEA. KAL) & %, 5. T 16S rRNA R R #9747 5L
BATHA 9T RAEKE]) & RILAH#,2010,4):198-
200

[12] Amann R, Ludwg W. Ribosomal RNA-targeted nucleic
acid probes for studies in microbial ecology[J]. FEMS
Microbiology Reviews,2000,24(5):555-565

[13] BRI HEEH LI T EBF T ELAMN LR
69 BRI [T]. 4 4 4% K ,2004,(6):35-38

[14] -4 DR KA KBRS M ED 5 AW it &
[J1.# B Ak%.,2011,(2):12-14

[15] 7 745, 2 A% KR A, F L EREHF A MG HE T
AR R oA 6 B 0 [J]. A 50 T Ak A4%4%,2014,35(2):160-170

[16] SR, A, L BA, 5 4 ERAMH MG 2% 5 40
AT [J]. F B R kAt 5,2012,45(02):338-345

[17] F8RF G, 246, F RELAZTIH AL TR
RFFATH 2 B A ER[I]. ¥ EH RS LAERE2015,
27(05):494-498

[18] ERBE M TH. ARG F —HEANDEMANLH

Sz P E F4%,2012,35(12):1183-1184
[19] B&R,E4R,HkF. 5 e Fulhibeifeie
Fo K B S AR AR [T].F B 2o 3 41,2014,14(8):158-164
[20] #tzsh, Db I m¥. o MERBEAIE
(Psychrobacter sp.)SE6/F % & & & 694K A shE 0[] %
H#F AR (F XHk),2012,34(02):129-135

PR e fh R B — 465




