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OB RARATEZEFMAR I REZN R, RE T AR LA AT R P ik o & B RS/ T S8~
A B, K3 1 B HR B LA F = A4 A 09k BH-16. @i AWK Biolog %% A= 16S tDNA A7 047, 4 ¥
BT AERJEIKE BH-16. 3% . e R BIE 544 T, B4k BH-16 #9355 &A% pH NaCl T 3K EA3E R B
5% % 8.0.0.01 g/mL .37 °C. i id [a] Bk = & 5 B Ae AR &3 M7 3T H AR 09 = SR A AT AT, B R A B4k BH-16
XEFAR A AT A RGP me A K-FRY, EEIER AT, RS T HBRZRES 20 g/L 424 pH
H 72 B, ARG S AEATH S AR5 %2 1120 mL/L #2 93.3 mL/(L*h).
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Isolation and Characterization of a Morganella morganii Strain with
Hydrogen-producing Activities from the Mangrove Sediments
ZHU Daling, YANG Zhenfang, PAN Guanghua

(Tianjin Key Laboratory of Marine Resources and Chemistry, College of Marine Science and Engineering,
Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: According to the property of gas production, highly hydrogen-producing bacterial strain BH-16 was screened in
the culture condition of marine water from the mangrove sediment. The screening and isolation of the strain were realized
with the methods of anaerobic enrichment, three-layer plate and the culture in the tube with nut. Strain BH-16 was identified
and designated as Morganella morganii with light microscopic examination, Biolog test and 16S rDNA sequence analysis.
Experiments show that in the anaerobic culture, the optimum initial pH value, NaCl concentration and temperature for cell
growth were 8.0,0.01 g/mL and 37 C, respectively. During fermentation, hydrogen started to evolve when cell growth en-
tered the middle-exponential phase and was mainly produced in the late-exponential phase and the stationary phase. The total
hydrogen-production yield (1 120 mL/L) and the overall hydrogen production rate (93.3 mL/(L-h) ) were obtained at an initial
glucose concentration of 20 g/L and an initial pH value of 7.2 in marine culture conditions.

Key words: mangrove sediments; Morganella morganii; isolation and identification; hydrogen production by fermenta-

tion.
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VR, 007 U 20 T R 4l = AR h 7E i K SR, A6
7K Bl R ER A A7 EU A PR E R R D

e [ {7k IR AR s b SRS — . SR SE 24k
FrA AR A A 1 /K IR KA DL 2 R b
JPHE , IXSETRIE IR K Y B AR A 2 M B PRI
JFRRE T, L IR B AR T 8
TR RA: , Pt LA K SR FE AT AU K AL BRI E
WHERY. A, PIRK BT IR A ST, 20T SR T B
SR KA R Tl K sl A 36 K, ok
AR R R A HLBK , AEHRCZ ATt 1 7 Ab P
FIRT, PRAEAEEA FL) ™ A M — S Aok 2 R
KA LK R P (9 R L 28 He B ™, R ke ) P
TEPE IR K AT ML DDA T S A B il BB AR A E B
JE AT AT Y. TR P T K R SR K B A LI K B
A7 R T ) S0P D 2 AP 7 S PR 0 1 ™ S £
240 T PR

VFZ T IE IR K IR 58 v i i 7 SRR T
TG T B 3K T K T e Rt 3 T e . 4
B TR PR BUR R SR PR 1) AU E TR IS AR
B TEZ 2RI IRTEINGE R, LR MDY 2
PGt 36 77 S A W0 B R AP A L. ZERE RO T 44
s AR 1 — SRR R A S R, TR 7%
ARHFE O SRR AR A R R R R T
AR RNRE S AR A AR E S NI AR TR Y
IFEATT 1 BRIEK WS A A MR, R 16S
rDNA J75I53 871 Biolog %7 Jr ik XX Ik #ES 1 %5
E , IR HRE IR AR A RE ST AT T o0, DAY
AT TR IEAT HLRE K s AT ML K R ol A 4
St e A AR A e = A R

1 ME5AE®

1.1 HmkiR

SEH FRUTRRYR B R P44 LT (108°507 ~
109°47'E , 21°29" ~ 21°55'N) B9 £1 B A A 3 X 3 (7]
e, KRR S AL TR . BHER 30 ~ 40 cm Ab. R
JET5VeE T 4 CLRAT, deRpan iR eI ZHE 1.
1.2 BEFHE

P AR B TR E LM-H, AR 2=
AIgEEEOILM-1 BRI T R (/L) - B 20.0,
JRE 4 4.0, 4-AE 2.0, 2R 1.0, NaCl 30.0,
K, HPO,4 1.5, MgCl, 0.1, FeSO47H,0 0.1, L-Cysteine
0.5, i & JC E I MnSO47H,0 0.01 , ZnSO47H,0
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0.05, H3BO; 0.01, CaCl,-2H,0 0.01, Na, MoO, 0.01,
CoCly6H,0 0.2) 10 mL, A= R (L-HURIMLAR Ve
0.025, FrEEIR 0.02, ML 0.05, X 2 328 H iR
0.01, A& 0.01, 44 % B, 0.02, ZEZE 0.025)
10 mL, 35t 20.0 s AN InBihg; pH 7.2 ~ 7.5.
1.3 FERHESE

¥ 3 g QBT VIR 2134 100 mL 1557
) 150 mL M. AR 15 s il as FRE
FET, BIRE DR AL, B IMEIARRIR, T 37 CHR
VikEgE 24 he U 1 mL 53RN A B £ (%) 100 mL 15
R MR A TR 24 h, R 3 IR, LLAE
EE A HM.
1.4 B BESHAL

SR X SCHROU LT ik 204 7 el it i — 2 AR, 26
BEANF : LM-H KRR K Ja o 214 T E1EAl
5 V2 20 E [ I P AR B D TR AT 0 A W A S OE
5 min, FHEA—)Z 0B ; FrR 8, A —)Z [
PRI, 5 AP AR B DGR ARF. 1 T (A A i g ]
PR Z)E, 3 B, 37 CEIE 3 24 h, PRIBUESE
BN RERD TR LM-H AR R 1
R, 37 CIEBERFE 48 ~ 72 h. K2 iR aE,
WE SRR B RS T4
HEAT 3 B L Ak S S S, DURTR - A A ek R AR
B IR E ).
1.5 FEAEFMERBENLLR

i 3 5% (Olympus, H ) Xof B 1A (14T 253264 70
g%, AR PAEALSEEG R Biolog MAE R 40, HAAL IS
e Biolog #:/EF-W (Biolog, £ [H).
1.6 16S rDNA FF 5ilE & F 5 o 7

P IERI 4] DNA $RECR Am-E 05 ek, MR
Y Pitcher 25T HOHEARRSVERICSh « BRI A 0y i ol
FR T LM-H 3iFedk, RSN B IRE &M (R
BRI 1.3) , %85 37 CHRzH55% 24 h, 5 000 r/min £
> 10 min WAERIR, 1 TE &Mk 2 I AR
BT 200 uL TE ZZ 0P, o AV R (25 pg/mL) R
53,65 CIEE 1 h; INAZE G K (250 pg/mL) F1 10%
SDS 10 uL ¥##5, 55 CHFE 30 min, R P H &
Fok b mASERBR RS (v (B) - V(&) -
VORIEE) =25 124 1), dh$e 2 W, BUEZOKAR.
A 2.5 AR A ToK CBEGUHE. UUJE DNA HEiF
FIREAKH, - 20 CLRAFEF .

PIFER4HDNA WA PCR 715 16S rRNA LA,
S SCRR[ 13130 , 76 g A T A=) TR R i
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SARAEAR, AT : 8 F(5-AGAGTTTGAT
CCTGGCTCAG-3") Fl 1492R (5'-GGTTACCTTGTTA
CGACTT-3"). WM FE R 25 pL K : 10 x Ex Taq
Buffer 2.5 pL, dNTP Mixture (4% 2.5 mmol/L)

2uL, 514 20 umol/L) 4 1 uL; #H DNA 1 puL;
TaKaRa Ex Taq(5 U/uL)0.125 uL; K & 28418k &
25 L. $&Z LR 2B BRI T PCR JH 3 : 94 °C i 248 1
2min; 94 °C 30s,55°C 30s,72 °C 2min, 35 M
;72 “CHEAH 10 min.

B 5 uL PCR ¥ H47=H122 1. 2%B e ie (5 1&
Y EB) HLVk, F Gene-Genius BEFCSAE RGN
WCSR AT, B84 W) A B I 2l Ak 0] & ik J ik
PP AN RE , M i A T A TR AR IR 55 A R
YNEIE

43RS 16S rDNA JFHITE GenBank Ay
Blast #Z G4, - LA ClusterX 24147 22 5 1 51)
Fxf. ilid MEGA 4.0 54, LISEHEED: (neighbour-
joining) &7 ARG ALRT, Bootstrap H {5 {HAL B HE
WEL 1000 Y.

1.7 BEFREHFHMRL

Jol LM-H JEFR R0 U 113 (10 mL)
R ERAE AR 5 pl. 37 CHPERIE 240, IR
S10E A6 6T (UVTSTCRT, ) I 55 3R i L
600 nm Y%A WG A3 B0 52 e AR K R 1R
pH (4 ~ 10) B FFIRE (15 ~ 42 °C) . NaCl Jfi R JE

(0~ 0.05 g/mL)3 A~ F 5 FA T B R 28 525, oA
AR
1.8 BIBFSELBRFEIEFELETFHETH
TCREERVEBEMEW 5 ul P4 100 mL LM-H
IR 150 mL MR SEAR 15 s feilliiss -
Rz FE -, DA DR AU PR BT 5 o I 38 O A A 2 IR
37 “C. 130 t/min #R¥HHEEFE 26 h; RAHEKEES
P, TE AR SR g o, AR s SAE 4 A AE R
H AR SE BORE , SRR W R AR B R S
pH AL IR 5 LA (ORP) . pH AL 5T HL 457 5% ]
DLELTA-320 IR B it 17l & ; & R H
GC-2010 AV AR AL (BN Wl , BAAEN
B BRI 70 mA; HEE T RAEE ATEE 4 )
470,100, 80 °C.

2 HER5ITE

21 BN BMEE
METRIARTURRY o 254615 1 B Ak BH-
16, ZFE R R DA R, TEA A S T A K
12, SCHTE S B I R AR A5 > FCBA . R
HH Biolog %78 R4t/ A AR A FHARIE 1) 1 0 22 1A
APk BH-16 BEREFIF 95 il it 33 (& 1), 7E
s e R A T HOXT, BT $R B S5 AR TR R

% 1 E# BH-16 & Biolog £ E 4R
Tab.1 Biolog analysis results of strain BH-16

E] GRS i H 4 i H GRS
oYW - A + LAt i -
WG - Pl F T w D-HE R +
iR - BRI A H g + L-H&E R +
i 40 - LR - Lt H R +
i 80 - M= 23k iR - IESNRES 13 +
N-Z 1D F| iz w Frigm - RSN RES =1 +
N-Z 1D 2 i w R + LR R -
T T A - D-2FFLBERR Pl - HREB- LK T4 AR +
L-FafRrff b w D FLERE R - HRAB-L-A%28 -
D-Ba[Hrff e - DA WEIR + LA -
D274k —H - D& kR - B -
i~ IR EENEE - DA R - L2 R R -
D pk + SR T TR + L-5 5@ -
L7 St - BETIR - LA AR -
DY 7Lk - rRET] - LR +
JoHE B - PRI - LAERE R -
oD w AR - D-Z %R
m—JYJLE - o~ T TR + L-225 R
o-D-FLHk - oG R - LR
FES - oI - D,L-A (3) i -
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TiH 4 TiH e =] 4R
EE 2 - D,L-3L& + yFRIET
D-H #&E - [ - PRT)R -
D-H#&@&h# w A + W/ +
D% 4 - 45 TR XS IR - PRTF +
B D- - DA bk R - JeE w
DB i i - %R - WM -
D2 —WEARTHE - BRI + J e -
L-FZ=hE - AT R + 2-H I HE -
D-1LIZ4 - BEFAWE IR - 2,3- T -
TR - TR T - Hh/ A = +
D1 B - o-D-HE -1 + D, Lo B fa H -
FA N - D-Hii 2 -6 iR w

TE: 47 USRI

28 PCR 4" G F P4 5E A5 TPk BH-16 11 16S
rDNA JF41, KR 1418 bp, GenBank &35 N
FJ219587. 16S rRNA JEEARINE 34 & PR % BH-
16 5 REEMR R H (Morganella morganii) UM IA
F| 99%. KM NI AgE ZGrit e, 45 @kk BH-
16 SEERBEMREIH—2 (K 1). ZEIEE¥N
%% Biolog %EF 16S rRNA J[H JF 41 /b 5,
Pk BH-16 945  JEEREEMR IR , 44 o JBE TR JEE

“wr AR IAE; -7 ERBIE

99

HECE M. morganii BH-16.

VFZ2 A T8 T Pk C BGE e A oK 1 &
Yyt AT KT A, BI40: E. cloacae IT-BTO8 .\ E. as-
buriae SNU-1 | E. aerogenes HU-101 | Pantoea ag-
glomerans BH-18 215171 e 6 o 40 FC B S8 T
FFRRHEEAR QTR , H A3 AR AT AT A 7)™

AT IE.

{ Morganella morganii CIPA231T (AJ301681)
69 Morganella morganii JCM1672 (AB089243)

100

BH-16 (FI219587)

Morganella morganii M567 (AF461011)

Morganella morganii A18-2 (AB244432)

—— Morganella psychrotolerans F39-1(DQ358127)

99

I Morganella psychrotolerans JB-T12 (DQ358133)

Providencia rettgeri NCTC 11801 (DQ885263)

B 1 4k BH-16#9 16S rRNA EE 55 NJ RSt L it
Fig.1 NJ Phylogenic tree derived from 16S rRNA gene sequence of strain BH-16
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SR ATE B A =2 itk BH-16, 43T T # ik
PRSI TR pH . BEFRIE A NaCl vk i
XY R, 2R R RAKMTRELR
pH XA R AR B2 (K 2) , Hitk BH-16 1
G LR pH 2k 8.05 BFELE 0 ~ 0.05 g/mL (%) NaCl Jiz
HEUEE T HRRRUSAETE , HAE 0.01 ~0.03 g/mL 554 F
AR, B B iR B sz 0 (B 3) 5 BRidk
fE 30 ~ 42 CHMAFAERKRRES RIF, b EKEE S
37°C(Kl4).

W H K pH AT NaCl R EES R 7.8 ~
8.2 il 0.03 g/mL, FEREEMIK R BH-16 7EILARMT
AR RARAS R AT, RV BMRAELIMMAFER I IR h

SOEAIE N T KA, IR IR KRG R K
A1 KA BRI L BT RR A TR AR
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0.6
S o04f

~

0.2F

B2 #2% pHXIE %k BH-16 £ SR RHF M
Fig. 2 Effect of initial pH on the biomass accumulation of
strain BH-16
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Fig. 3 Effect of NaCl concentration on the biomass
accumulation of strain BH-16
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Fig. 4 Effect of culture temperature on the biomass accumu-
lation of strain BH-16

2.3 Etk BH-16 = S8E o #

K FH R B S B0 00 T e K B 35 451
TFEEREEMR G BH-16 Ik BEF=ANEI, 458 %W
FEE ORI Rl 20 /L 2R pH N 7.2 B,
FPk BH-16 (A8 (LB IRFRRE J2 0™ A
SERFT) FIE35 7= SR 43 500 1120 mL/L Al
93.3 mL/(L-h). f*EIML FELALE 13~22h, AR
(77 iR T A AE AR BRI (13 h) |, ZEAl A 1 4
FUE A (16 h) AR R R, ARFELE AT
Ji A e B AN AR PR L.

Pk BH-16 &Sl i b A iR pH
E AN LR R F A I an &l 5 B, e Ed R
REERE pH M 6.0 FEZE 4.5, ORP 4E457E - 82 ~
- 72 mV. MATFREFHN R R BER R 2 IR AR L,
TEF A AR R e =S ik R v, PERtr= A 2R L &
TR AN Z B =Y, pH [RGBt T A PR FLIR
MR FRE FE . ORP &2 W W Y A AL FIE
JEPERATE RS, 5 pH. R A YL H AL, F
FTF B K Ab Bl 72— AN A R g R U0,
AR W R EE LR GATIE ORP FIE A
pH TGN, FTLL pH 1 ORP A1 A48 i 7= S R
P e bR, BEICEEMRICH BH-16 ME =S R A4

6 8 1'0 2 14 1I6 1I8 2'0 22 24 28“4
HiFR i l/h
El 5 Etk BH-16 =it 4= . pH ORPHIZEL
Fig. 5 Changes of biomass accumulation, pH and ORP in
the hydrogen production of strain BH-16
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AT o B 0845 1 fR = A SRR IR
AL RBATER , BB AR RAL A
SRAE RN, W FONEEIREEMLICE BH-16. [Ek
BH-16 ARSI SRR | X RIS & K
FUFFARK. RO E R BEREMR G BH-
16 HAG 8 m 17= SR8 77, 78 4 4 26 Bl o E vik JE
20 g/Li2hf pH R 7.2 MO KREFR AT, BERRIG B
A R MR A M A G 1120 mL/L
93.3 mL/(L-h) , AIVE R MK SRR I K A 9 %
Tl A R PR AR EA TER ABIFSR.
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