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F BRI AHE : APL 554 (APR2ONE Fi B8
IR R ERTE , APROAUX I TEBEEETE) VRBLER .
TRERER R BREP 17 % B BRVE Y T A BR 64 A 4H
FREL T o

FEUAFA : Kjeltec 8400 4 H M YLK E A
X 722G A] A0 BT DR B
1.2 E#ifiE
1.2.1 B REESTR

K HOR T BRL 5 K2 1: 4 EBil2E A 250 mL
HIEETEH H, B 10 ¢ T REL, 121 C K 20
min, [RJE K E15 B i 44 VR 902 F 1A
N AR SR 2, F 30 °C \140 v/min 54 FiE1L
24 h W IELIE B AR 5% (IRBEL) 2 Bl #efh
BUAH DL AR FR B TP KBS 3% ,30 °C (140
r/min \355% 18 h Hl KR BEF T Jo K R EEF
FHBLL 5% KB Bl S EBIEY S, T
30 °C # 1k k7 d( B2 pH) o BRWEE T IIEL
SFRIE L, RS UG M R BEUR B &
BEBGHEAT R RS B .
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WiBR%T 3. 5 g BRERHF, £ 240 CHk{L 420 C Y
b AHBRFNRES, 22 AP KERMNE
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1.3.2 AEHAEMKEE

KA B B FR FEAT APL AR B AL S0,
M AEEET 30 CHRMET 45T 24 h48 h
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1.3.3 SrFHEYFEE

IR 35| 4 K 27F: 5'-AGAGTTTGATCCT
GGCTCAG-3’,1492R: 5’ - GGTTACCTTGTTACG
ACTT-3', WK ZR (25 wL) :10 x Tap Buffer with
KCl 2.5 wL,MgClL, (25 pmol/L)2.5 wL,dNTP(25
wmol/L)2. 0 pL, TapDNA 4 (5 U/mL)O0. 5
uL,ddH,0 14.5 pL, 3|44 1 uL. PCR J& i 5%
14:95 CHZ M 5 min,94 C HIEZE 1 min,
58.5 CiB . 0.5 min,72 C ZEH 2 min, 3L 35 M
5,72 ‘CHEA# 10 min,

HEHWH VP W59~ Seq Forward Primer: 5'-
CGCCAGGGTTTTCCCAGTCACGAC-3’,Seq Reverse
Primer:5’-GAGCGGATAACAATTTCACACAGG-3’,
SMAKRZ (25 pL) :10 x Tap Buffer with KC1 2.5
L, MgClL, (25 pmol/L)2.5 uL,dNTP(25 pmol/
L)2.0 uL, TapDNA B4 (5 U/mL) 0. SuL,
ddH,0 16.5 uL, 8|44 0.5 wL. PCR 0 51 -
94 CTAZS M4 5 min,94 °C =iE A5 1 min,58.5 C
1Bk 0.5 min,72 C#EfH 1 min, 3£ 38 IMEIF,72
°C #EfH 7 min,
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BN T do REEGSHRIE, M8 K B Y
RSB AR & & 5 T8 R B ) R 2 4
FFEYE LB B0 00 RERR SR B SR,
30 CHEFF 3 ~5 d E MW AKIEL, W15 H]
Wi A2 5 BIAR K B TRCR TG i 0 1 R BE )
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BB R RS RT , WS A TR T AR
WS RROR , BBk ZP3 (PDA 353 2T 30 C
SrEARED) 1R R 3 PR T BB 20 52 4, A
XFHA R, BA B8 2 BEACR . Bitk ZP3
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x1 ZP3 REFGAS S
Tab.1 Components of ZP3 fermented solution

HA/ (mg/mL) AP/ (mg/mL) 8%/ (mg/mL) AHLF/ (mg/mL)
total nitrogen organic carbon total phosphorus organic material
WILAW initial solution 9.36 7.4 x10° 5.05x107°* 1.28 x 10°
KK permented solution 236.22 1.3 x108 102.53 2.2 %108

2.2 fRBHES E R RE N ER R

X% AR BEAT A A 40 [ RS R B, GP2
(RR—SHRET 30 CHERE) CH(FIK
—SHEFRET 50 CHoERE) . ZP1(PDA Hi5f

T 30 CHE153]) (ZP2(PDA H5RET 30 C
AERED A REER T RFRRE, 4R IR
2,

x2 BEHBBRAEREN
Tab.2 The capacity of nitrogen fixation, insoluble-potassium solubilization and insoluble-phosphate
solubilization simultaneously of microbes

F5 WS i B

fE TEHLE e

sequence number of insoluble-phosphate insoluble-phosphate insoluble-potassium . IR .
. . . e nitrogen fixation
number microbes solubilization solubilization solubilization
1 GP2 + + + +
2 G4 + + + +
3 ZP1 + + + -
4 P2 + + + -
i+ RAARET; - FRTRET .
Note: + means positive result ; — means negative result.

13 2 A1, GP2 \GS4. [ Fr B A il e 4 2
RBES,ZP1 ZP2 B A R BHRETEES] o
2.3 ERhRAIZRER

W LR S AR W 32 LRI, WL B AR 3 X
b 5B ZP2 X H AR ARA B 7R, T Al
FPRIEI G BB DTS R OCR , BT A3 AR, e &
WisE ZP1.ZP3 (GP2 GS4 4 PREE & T 3[R & B
KT B
2.4 HMEE
2.4.1 BEEEEGR

GP2 i H A KIRBETE R 20 ~42 °C, G4
HEE A RKIRE N 20 ~60 C, f il @ B 7 30
€,

CP2 7R R — S8 IR 2557 72 h 5, Bl
W REDEE LGN FE VR, J% 5
B , T o f R O BRI

CA TER R— S FREFHEIF 72 h 7, H6
HEBE, PO AERGAR, REASHE,
0 Ay 1B M R

ZP1 . ZP3 WiE HAKIEE H 20 ~40 C , K&

ARIRE N 28 C,

ZP1 7£ PDA 553 Ep 557 72 h J5 , A B
filF, B T M 2B, BT, /T Wy A&
AN Rl St i

ZP3 7E PDA B55r B3R 72 h J5 , & N H
8, FRTEDGH , HGHN] Ty BB
2.4.2 AL ZER

GP2 A3 A AL S 30 25 3R 5 /0 ol B I o B
B IAERIPEIR B 98. 4% ; GS4 A= P A fLSL I 25 R
5 /0585 22 B B TR B AR AP SR B 99% 5 ZP3 A
A AL 5 20 B Bk B AR R IR B 97 %
(K3). (ZP1 HEW, HATH S E LEE K AP
R 255 7= i, 0 ZP1 TTAE B AL EE R )

2.4.3 SpTEELRER

PCR ¥ #8 E#k GP2.GS4 [ 16S rDNA L[ ,
83 1 500 bp 731, BLAST %5 53581 GP2 f4 16S
rDNA 751 5 & BR i M AH MR B 95% . BLAST
S5 R W] GS4 1 16S tDNA J751) 5 {5 Jfa B A AH
IR E] 99% ,16S tDNA Z [ 5 51) 4 #7 7] LA #ff
FE GS4 MR BB ER A
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#3 BHREBELER
Tab.3 The result of physiological and biochemical experiments

T #k (microbes) i (microbes)
GP2 G4 ZP3
RSN KNO, - - D - %% GLU +
iR ERR TRP - - Hilh GLY +
filekE GLU - - 2 - W3k - HERERREL AKG +
ZleRs A ADH - + L - BiHife B ARA +
K% VRE - - D - A% XYL +
LM BER % ESC + + 4% 1EEE ADO -
BEBE(4-¥%) GEL + - ABERE XLT -
4-fiE7E-B-D-NLEFLEEHT PNPG - - D - 2374k GAL +
FliEsE GLU + + JLEE INO +
ZEIEPTHIAARE ARA + + LhZ¢EE SOR -
FEt & pE MNE + + o - F3E - D - #jZjkE MDG +
A H BB MAN + + N - Z.Bt - ##FER NAG +
N - ZEE A E R NAG + + “4E—H# CEL -
D - Z 2 MAL + + D - FBE (4 ) LAC +
HE RSN GNT + + D - 24 MAL -
FUEER CAP - - D - JiEH¥ SAC +
B & ADI - - HE¥pE TRE +
3R MLT - - D - iA&HE MLZ +
HIRREM CIT - - D - HiilkFbE RAF +
KR PAC - +
T+ FORMEEER 5 - FRPANER.
Note: + means positive result ; — means negative result.

PCR ¥ ¥k ZP1.ZP3 ¥ 18S tDNA R [H,
83 1 500 bp J¥%1], BLAST %553 8] ZP1 ¥ 18S
rDNA ¥ 51| 5 & it 2 i A8 L 1 X 2] 100% , 18S
tDNA Z 5 7 51 73 B T LA 2 ZP1 y JR ih & & o
BLAST 55350 ZP3 [ 18S tDNA JF 3] 55 iy Bl %
BERAARIPE IS B 99% , 18S rDNA K (X )5 51| 43 #r
A LAAE ZP3 TR o 4 BRTE SR 28 L
1 ~K&4,

78 Uncultured bacterium (KC120662.1)
Uncultired bccerion CIGataL LD

Acidovorax wohlfahrtii (KC178583.1)
Acidovorax ET)%I fahrtii (AJ400840. 1)

‘ 84 Acidovorax temperans (KC178582.1)
Acidovorax sp. (KF831412. 1)

0.002
1 TE#k GP2 ETF 16S rDNA F 3Ry
EE R MERREN
Fig.1 The cluster tree on 16S rDNA
sequence data of the strains GP2

FAT FRSEAIHT I P 51 28R T 4 PR 5508 e (45 P A
REGiS ) , 53 3 RALECTREET 1 000 A>T R Bd 4
ISR EIDTEE A B B RSP B A . (B2 ZR4 )6
The sequences used in the analysis were obtained from the
GenBank Database (accession numbers is given parentheses ).
The number at branch nodes are the percentage bootstrap support
based on Neighbor-Joining analysis of 1 000 resample data sets.
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Pseudommonas stutzeri(KC796785.1)
Pseudommonas stutzeri(KC357776.1)
Pseudommonas stutzeri(KF171338.1)
Pseudommonas stutzeri(KF607058.1)

Pseudommonas sp. 646009.1,
62! Pseudommonas stutzeri(FR667889.1)
23 G4

2 Btk GS4 BT 16S rDNA F3IH
EEREIRERER
Fig.2 The cluster tree on 16S rDNA sequence
data of the strains GS4

e
' Aspergillus niger(HQ14694.1)

459(: Aspergillus niger(JX230999.1)

Aspergillus tubingensis(KF747363.1)

469(: Aspergillus niger(KF154411.1)
Aspergillus niger(HQ014695.1)

3 H#k ZP1 E-F 18S rDNA F 3

Fig.3 The cluster tree on 18S rDNA

sequence data of the strains ZP1
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65, Candida cellae(GQ149495.1)
83|! Komagataella phaffii(JQ398743.1)
99 Komagataella pastoris(KF468220.1)
Komagataella sp. (KC771256.1)
82— 7P3

Komagatael sp.(JQ398744.1)
Saccharomycetes sp. (GU213442.1)

—

0.01

4 ¥k ZP3 BT 18S rDNA F 38y
HE EIRER R ER
Fig.4 The cluster tree on 18S rDNA sequence
data of the strains ZP3

2.5 REBMRLER

RBERAE 4 PRI R VE K R A, A
5 Bz, Ul BH I & B VR A IR 4 B A o 9 [ R
Tife. WHRIRE RBERA A TR IR 4 B

™, 5R 1 EREEAL,4 REREG ZB- YK
HHLERIAPT LT

3 Wi

I LUK 828 T kB¢ A1) R AR A fe] 28 R
I, T ZH AR AR AR 25 2 5F O [ BAR Y ™
fho BITHBPEEFEENERYR, HEH
TS M T a BA A, (45" i & B M hn(E
HRAIR, e LR IR AR K TR S RIFR SRS 4 o T B
RUBT TS 25 19 0 A 0 HE R 1) i B R ) E 20 N
I EMIRE AT, N A W R B K R R B
FILTFAF A E T 2t K™= T kLR
B R B B ER

x4 REEBRASHN

Tab.4 Components of mixed fermented solution mg/mL
BAR ALK B AHHLE
total nitrogen organic carbon total phosphorus organic material
HILAW intinal solution 8.57 5.8 x10° 4.82x1074 1.0 x10°
BA R mixed fermented solution 326.22 6.4 x 108 717.18 1.1x10"

5 KEREBHERTERRE
Fig.5 The result of nitrogen fixation, insoluble-
potassium solubilization and insoluble-phosphate
solubilization simultaneously

A SEI0E X T BRI B — R EESL I SR
R [E 28 55 6 7 8 45 B 19 B BR 1§ (Acidovorax )
GP2 R BA ML 1 ( Pseudommonas stutzeri) GS4 [R] Bt
BERROEMER R BARL BHE
(Aspergillus niger) ZP1 ¢ EE 7 ( Komagataella sp. )
ZP3 [F)mf B4 R BB SRS EE ), OF B RE TR
(Komagataella sp. ) ZP3 B 5558 ) 73 fift K 7= T

FVEHRE 7o 3X 4 BREE B A K BEK = BB A4
YRR B HEERRNIGE, ERBR
hRASY RS ENCBEERXESMEDIE
BHOPRE . X T 1= 85 2 E K 7 T et A 2
AL TR R B 4 BR B TE A A BR IR L AR 8 T
ReJ1 EEAEAMIER, AT AR /K T BB i
B IR o S W] BEAE ) B R R WO B TE L
BIREL, MO SL T 7 B i 615 B X 4 BRI AT LA
TRGF AR FE T 7K 7 BDRL ™ A2 A ) BT 75 1 78 5%
Y. HRTHRIE R AR A D B 2R, H
o T D A 2F 8 AT B (Bacillus ) (R A IRH
( Escherichia) Bk 3C & Wi ( Erwinia ) | B 28 J #F &
(Pseudomonas sp. ) %, HH K AIEHF EH R
(Penicillium) . H % %)@ (Aspergillus) X F B
(Pichia) 5 ; fRBR A 2 0 2R AT B B R B A BE S
MEENERE . ARREE M EKRS EiR
EHREMEMHHEN L, EECEVHEER
(Aspergillus) BB} 6 J& ( Pichia) H)HERl |, MR
REEHTHBEBRABRANTEMN, SRE
(Acidovorax ) iR B i 7 ( Pseudommonas stutzeri) .
A GORL R B, A i e 0 ] U T DA A 2 A
TR, S R LR e B B
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Screening and identification of several microbes fermenting by-product of
fish processing

ZHAO Yujin, LIU Wei, LIU Haijun, ZHAO Xiaojian, LUO Hongyu
(Food and Pharmacy&Medical School, Zhejiang Ocean University, Zhoushan 316022 ,Zhejiang, China)

Abstract: Screening a few microbes that can ferment by-product of fish processing into useful nutrients for
plant. We selected 44 microbes from fertilizer of microbes, soil and corrupted fish, then we chose microbes by
some experiments, such as, single fermented experiment , the experiment of nitrogen fixation, insoluble-
potassium solubilization and insoluble-phosphate solubilization simultaneously and collaborative antagonism
experiment. Then microbes were identified by morphological observation, physiological and biochemical
experiments and building the cluster trees based on 16S rDNA or 18S rDNA sequence data of the strains .
Finally, GP2 is Acidovorax, GS4 is Pseudomonas sp. , ZP1 is Aspergillus niger, ZP3 is Saccharomyces. GP2,
GS4,7ZP1,7ZP3 can ferment by-product of fish processing into useful nutrients for plant, and they can be used
to ferment by-product of fish processing.

Key words: by-product of fish processing; Acidovorax; Pseudomonas sp. ; Aspergillus niger; Saccharomyces ;

identification ; fermentation
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