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Caminibacter profundus ) #F 7 5%F %, #@iLi8 3+ PCR 3| 4h, S %ML L A6k A [ NiFe-A88 X I
LR R R hynl F3ATE WA & F 5, FIR hynl ARzt kA F AL B (MV)E R S8 E B B
B MR KA Hy B TR oo 45 8. 5 R KA, A C. profundus 1% 3K4F 864 bp &) hynL I B kA
B, %oy RHAsE R 55 Lebetimonas acidiphila AR A 99%, 5 HR X ALE A &8
Epsilonproteobacteria D £ B9 %A I NiFe 285 K XL B F — 4 %, hynl F85t £ A Ff MV i£ R
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Abstract: Hydrogenases of chemolithoautotrophic bacteria play important roles in material and energy
transfer in deep-sea hydrothermal ecosystem. By designing PCR primers, a Aynl gene encoding large
subunit of membrane-bound group I NiFe hydrogenase from Caminibacter profundus was cloned and
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bioinformatively analyzed. The relative expressions of AynL, methyl viologen (MV)-reducing hydro-

genase activities and bacterial growth in response to different H, concentration were also studied. The

results showed that a 864 bp hynl gene segment was obtained, predicted amino acid sequence had a

99% similarity with that of Lebetimonas acidiphila, and it belongs to the same phylogenetic branch with

group I NiFe hydrogenase large subunit of hydrothermal chemolithoautotrophic Epsilonproteobacteria

D group. Both AynL relative expression and MV-reducing hydrogenase activity reached the highest level

at 12 h and 24 h respectively, when the strain was in the exponential growth phase. Sixty per cent of H,

concentration was optimal for AynL expression, MV-reducing hydrogenase activity and bacterial

growth. All these results suggested that C. profundus regulates hynl expression in response to H,

changes in hydrothermal environment, thereby affecting the catalytic energy process, as well as the

growth and propagation.
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1977 4%, RVHEIE T U R BRI i 1 K%
JA A, 48R IR AR A 7 1 58 AR T AL RE A
TR IR PR AE S RENAFTE . IR T
WA Hy RETRAYSE 2 A IF Az oA TR
A X, H AT C R E B PO XS AN B L 4
Caminibacter profundus. Caminibacter mediatlanti-
cus . Lebetimonas acidiphila. Hydrogenimonas ther-
mophila . Nitratiruptor tergarcus . Thioreductor
micantisoli 1 Nitratifractor salsuginis %5 . 'C Al 38 1 &
AL . Ak Hy JEAs e, ¥ CO, Ak i iy A
PLBTRE A B F0HAB A W 00 A A T, D I T R A
WA S RGP TR IHE 28 AR A (0, A2
—REMEIFEN, ZHEASEET, BB
Iy ¥ AR A R AR AL Hyo2HH2e . AR
TR D1 AU 45 NiFe-%l . Fe- S G & 4 8 1 &
i NiFe- 2 BB 5T 40 %, 20400 3 Ry, JL
rh2RR Tl R E RN b, PIMEL IS HynS I
HynL, Bl Hy 72 1Y H 1% 328 21 25 b ik 0 40
ORI T4, B4 ATP; 2R 111 Sl
B THETIN, 5 CO, BEMK, AL 42 NADH
IRy, BREE JFEAE = R IRIE I (' TCA JHER).

Ken Takai 55 R GEWF5E 1 ER I PR X 2 Fh A 41
TR VA MR SRR P . 2R Y 1 NiFe- UMl Y R ALk
PR ZREME S 16S tDNA (L E R, Hiroshi
SFCIHE— L A B aliAl T i — RS H. ther-
mophila 2SR 1 NiFe-2 i, JF0FoE T HA (AR
MEEH G RHE . AT AW X C. mediatlanticus

LEER AP I 53T R UL AR 2 S Ni AR
(&I 1, 11, I IV NiFe-2UH8, 1A #R
DX [v] — T i ) SRl B AT 2 MR ES R RRAE, 3K AT RE S BR
038 P VA 5 . MeCollom TM AEMER I #A
PR TR IR AL BE B SR TR A S 7 i s
AR TERBIRE &, DONTERE MR Y b, Hy iYL
Jefit TR Z AR RE R, XA R, Hy 2 28K
WIXWIHE R EERN R, BT, ST RERRIX
S T R U i ey e B ER B R H, AR AR S AE R
WNAMIBIR S H o

Caminibacter profundus strain DSMZ 15016 4
RGP A PO X S35 75 31 1 — Bk o B2 g A L A
H, JBT 28401, Miroshnichenko ML 250HF5%
THAEMAEACRE . ASCHE— Bl T AT
By T C. profundus MZEHY 1 NiFe & M3 A
(hynL), RHZECINE T I ENE TIKY) Hy WRIE
Xf hynL BEIFIRAIFENE, W] hynL ik 5 MV if
it O il 6 R R A B DG 2R o ARSI TR S 48 7 1
JIE PR X AL RE F A7 T8 194 B RE & AU S R I 11
LIPS g

1AK%

L1 E#

W ¥k Caminibacter profundus strain DSMZ
15016, AT 18 [ {3 A= ¥y i b PRt b0 DSMZ,
1.2 HEFRE

$5 97 5 1) 21 RSURITAC B 077 05 v 1 T A A W e o R
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R0 DSMZ $24E ) DSMZ829 15 373 (g/L): MR
(Sigma Chemical Co.) 30, NH4CIl 1, NH,PO, 0.35,
2-N-Nuk 2, B iR (MES) 1.95, J1 K3 0.000 5. fi
wmILE SL-10 1 mL, 44% 1 mL, NaHCO; 1 g,
Na,S,0, 20 mg, fEEKHF 1 mL,
1.3 EFREH

100 mL Hungate-type IR IMA 0.25 g 7t
e, [HHCKEFEE A 25 mL Medium 829 535,
RIS M ES 18] FE LA Hy/CO,/N, (V/V/V, 200 kPa)if
RASAK, Hl43 910 80:20:0, 60:20:20, 40:20:40 .
20:20:60 Fl 0:20:80, H, 4510 80%. 60%.
40% . 20%F11 0%; BARIZEF &R 10% (V/V), 5%
HZ pH 6.0, FEFRIRIE N 45 °C, VL 40% H, WK
B IR A . AR E S BRI T IR T A
PRASC h A BR A W) YQX- 1T BY PR AU 35 57 4 v ik
7o BERRA W it B DU A2 SR DG Bl 38 (10 100) L
B8, L) DAPT J (6 B0
14 SEHEERNZE
1.4.1 S|¥&3t: @I X C. mediatlanticus TB-2
(AY691430), Caminibacter hydrogeniphilus AM1116

(AJ309655), Nautilia lithotrophica 525 (AJ404370),
Nautilia sp. Am-H (AF357197), L. acidiphila Pd55
(AB167820) 5 FhigiE Pk X ALRE A J5 1A S AL 1
) KW 3 (hynL) 3 R ¥ 51, %11 hynl 1 5149
(5'-TATTTTAGTAGTGGCAGG-3’, 5'-CACCTGATG
TTCTCTGTATG-3'),

1.4.2 hynL EE KB PCR ¥18: LIFEE C. pro-
Sundus FER 4] DNA B, KI5 ikt
PCR §"# .PCR JZ 1 £51F4: 96 °C 1 min; 96 °C 25's,
50 °C 45's, 72 °C 2 min, ¥ 30 ¥X; 72 °C 10 min,
PCR =4tk . 4% pBS-T &K J5, #1LA E. coli
DHSo JRAZ 4N, LR Je 58 Ul T .

1.43 FHl5#r: WP 45 R 7 NCBI (http:/www.
ncbi.nlm.nih.gov/BLAST)#EAT EL X430 #F, il DNA
Star 3K /) Clustal W J5 i, X438 5 51 G ih 7y 22 ik
% F1 GenBank HVIE IR 1 7 50 AT L XT, -0l FHER
4 MEGA 4.1, >k HIAH4R % #21% (Neighbor-Joining) 14
HRGERKEW

1.5 hynl YEERIE

1.5.1 2 RNA RyIMIE R aifb: WAE W 20 mL, R
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H Trizol ¥ (Invitrogen, USA)HE B 1 & RNA . fifi F
DNase | (TaKaRa)Z=ff & RNA F &7 A i L 4
DNA it ik HL UK Fl OD56o/ODog b KGN RNA ZEJE
1.5.2 &% F: B 0.25-0.50 ug RNA, %18 TaKaRa
(KA v ) s 5% 1857 & (PrimerScript TMRT Re-
agent Kit)Bi 517 ) 5k . [ %5k 514 Random
6 mers 25 pmol F1 Oligo dT Primer 50 pmol, %% 3%
Z%: 37 °C 15 min, 85 °C 5's. 135 cDNA ¥ 1]
B T 9O & 7 PCR & fE L 5H.

1.53 WAIMEStREMZKBILEH: RH Primer
Primier 5.0 3% iT5149), %] 16S rRNA 5%

(5'-AGAACCTTACCTGGGCTTGA-3', 5-TCTTTGT
CCTCGCCATTGTA-3")#1 hynL 2 5[4(5'-AGAACC

TCCTCTAAAT-3', 5-TATCCACCCAGTCAAGC-3"),
SEH K MJ Research 23 #] () PTC-100 B35 552 i
SE 8 PCR Y. ¥ S e s cDNA F=HIRE S 4% 10 4%
Wik 6 ABEEEHAT IO RN, DA [l 1R
P& DVBUH X BOC AR AR, L PCR 2 i F vp i 3¢
HAF S W IR TE IR L CT MY AL FRZ: ] 16S rRNA Fil
hynL WIBRUERT LR o DG SEI o 1 PCR SO AR R AR 4l
TaKaRa /A7) SYBR Premix Ex Tag™ I #ifH 3,
L4514 95 °C 3055 95°C 55, 55 °C 30 s, 40 M
IRy I A0 Al 42 S g 25 F e 95 °C 15 s, 55 °C
30s,95°C 15 s A1) PCR Je Wi H448 3 N4, DL
SRR RE i G ) A
1.54 RHAEBESE PCR &N H, 3t hynl HEEE
EE NG WORTR] Hy Y A5 0F T 85 57 10 I A5
20 mL, 4 °C, 12 000 r/min &5.0> 20 min, WE AT
—80 °C {17, #EHUE RNA, #553%K cDNA, HT
SPHT hynL X} K, LA 16S rRNA fE AN S, Rk
I SEEER) RNA B AE R 9S8 i) 2 5 PCR
B0 % BT, CT 3 QAN hynL (AR A2
o DA IR 55 DRGSR 12 h WAKRAY hynL 3Rk
HAENSE, B CT=1, 3 Y7 3200 A 45 R ECE Y
(R ER
1.6 BREZRMV)ERSEEEETENE

%M Ken Takai ZFPI kit iy, FIRAMN
B RWIRZ RS, B 4.0 mL HIKZIFR T 4 °C,
12 000 r/min &.L> 20 min, WCAERA, JiIA 200 uL ¥
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W (100 mmol/L Tris-HCI, pH 7.8; 500 mmol/L NaCl;
1 mmol/L DTT), T 4 °C. 12 000 r/min &.C> 20 min,
WCAE AR, A 1.0 mL Z4# 3 (100 mmol/L Tris-HCI
pH 7.8, 1 mmol/L DTT), %) )5 Bt 800 uL, fimA
5 mmol/L H 348 f(MV) 200 uL J5 T~ 45 °C f H,
SN 20 min, 37 BFAHEEEIINE ODsrs, £ N,
H R R AR SR XTI, FE 4y 200 pL >R Folin-f i
WEEE &, DBEARE. B THEE 2
A MV F5 B AL — 5 AR, MV I8 i 1 S BT )
PLURE e i R B A IR RS MV 3 i R/OR,
B’ A MV & & (MV)ss=(0Ds;3~0Ds75CK)/
(9.8x10%) L/(mol-cm)™*), U=nmol (MV)s7¢/(min-g cell
protein),

R

2.1 EE I NiFe-REg KT EER hynl W RS
woth5ER R

KA EI Y, W C profundus F:H 4
DNA, k7% 864 bp F:[H F Bt (I8 1), NCBI H X4
J 2R 1 NiFe- S K IE A hynl, NCBI BLAST
G BT H w1 LR 5 Lebetimonas  acidiphila

2

(BAE44403) i P SIAHU e, o 99%; 55 16S rRNA
A K R EITER C. mediatlanticus 2 86%H 1
eI,

BRFENERRTIE 12 Ribse A FRw K
B 1 NiFe-%U [ KW 5L hynL 36 PR 5 50 847 Lo X
IEAE R G (K 2), ATLIE 1, C. profundus
A HynL ZJEER ¥ 51 (ADF59499)Y Lebetimonas
acidiphila ¥ HynL (BAE44403) 14 #F{LFE 25 5, 1M
5 16S rRNA FJR KR EILN C. mediatlanticus 1
HynL ZEJEMR(ZP01871474) AL B &85 . 1M

1

2 bp

2000

1 000
750
500
200
100

1
11
Fig.1 The PCR product of hynL of Caminibacter profundus
Note: 1: PCR product of AynL; 2: 2 000 bp DNA ladder.

Caminibacter profundus Bk hynL EE K & PCR

\ Caminibacter profundus (ADF59499) |

100
88 | Lebetimonas acidiphila (BAE44403) | Groun D
88| “—  Nautilia profundicola AmH (YP_002606991) l
ﬁ Caminibacter mediatlanticus (ZP_01871474)
100 £ Thioreductor micantisoli (BAE44408) | Group G
Sulfurimonas-denitrificans (YP-393947) | Group B
[ Sulfurospirillum deleyianum (YP_00330416)
92 Nitratifractor salsuginis (BAE44405) | Group F
Hydrogenimonas thermophila (BAE44401) | Group A
82 100 Sulfurimonas paralvinella (BAE44407) | GroupB
—: Sulfurovum sp. NBC (YP_001358969)
Sulfurovum sp. NBC (YP_001358960)
| |
0.05

2 Caminibacter profundus Bk hynL BRI D EEBFFNRALE W
Fig. 2 Phylogenetic tree of deduced amino acid sequence of iynL fragment of Caminibacter profundus
Note: Neighbor-Joining distance trees were generated on the basis of alignment of 276 translated amino acids (minus insertions and dele-
tions). The numbers at the nodes indicate the percentages of occurrence in 1 000 boot-straped trees. The scale bar represents the calculated
number of changes per amino acid position. Accession numbers are shown in parentheses.
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M Epsilonproteobacteria B KT, C. profundus
Lebetimonas acidiphila 5 C. mediatlanticus [F))& T
Epsilonproteobacteria D J5#f, 7E#ELA [ HynL b
J@ Rl —3 32

22 RAKHEEHR
=iV

PGS E i PCR T, ARAHIE AL S ZOLAHRT
REERY S AU Sz 4 . hynL F1 16S rRNA F: K AY
TRE A B 0B, I 1-40 B FRHR
RERCI 2GR B, S PR P g th 4k, REE &
PCR SZIG KIS T hynL JE K B AHXT 2 4047 o i
iR T, KB hynL FER AT 16S rRNA 431
7t 83 °C 1 89 °C Ze A7 HH B — I, W H I ks 5
P, 16S rRNA FEFRN hynL HE PR bR il 2k (1 A1
A3 h—3.129 F1-3.083, WiAniE LR YA R %L RSq
G302 0.999 1 0.992, S I RS B4 108.7%
I 113.4% . B Z M Z 0] LU T2 6920 %E # PCR
oM.
2.3 hynL BEEFTIEH

C. profundus TE H, W JE Ry 40% 1 JE Al 5 7 554
T, 6 h hynL FEPREAE R A RIER, 6-12 h
hynL ) Fekm Gl T, 5595 12 h, ik ik ElE Kk
{6, BRI, 24 h T EERHRERY 172 (K 3),

P18 53 4 5 AR A i 2 R

12 1
1.0 r

08 r ﬂ\
0.6 r {A
04 r

——

0‘0 1 1 L 1 1 1 1 1
12 24 36 48 60 72 84 96

Incubation time (h)

Relative quantitative

B 3 Caminibacter profundus E ¥k hynL B E KL SR
=] 15 Fr B (8] B9 L 4k

Fig. 3 Time course of relative expressions of hynL of
Caminibacter profundus

Note: The expressions of AynL of Caminibacter profundus were
determined under basic growth condition by using real time PCR.
The 16S rRNA was as internal control. Mean values were obtained
from three independent experiments, and the results were shown as
xxs (n=3).
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PN PEAE 12 h WO T AR AT H W BEXT hynL 3%
IR

K37 12 h hynL (9235 B o v JE (042 86 T 88
Holn H, WY 60%0 2 ik Bk L, SRR 9 4%
PEEHY 2.88 45, Hy HEBE 80%I, hynL ik A BT F
B (P 4). BET hynl HEPR 33K IR Y H, e JE Y
e

35 1
o 30T -
2
8§ 251
g 20 |
&
g
= 10
[~
ot ﬂ
OO —F— 1 1 1 L ]
0 2 60 80
Hydrogen content (%)

B 4 H,REX Caminibacter profundus Bk hynL £ [X
FRIEEHF T

Fig. 4 Relative expressions of hynL of Caminibacter pro-
fundus in response to different hydrogen concentration
Note: The expressions of hynL of Caminibacter profundus were
determined by using real time PCR. The 16S rRNA was as in-
ternal control. Mean values were obtained from three inde-
pendent experiments, and the results were shown as x+s (n=3).

24 BEZFE MVIEFEE NiFe SEE LS
P diih, 28 1-28R IV 1) NiFe & fE 3 T LUi4L
RN T 52 R BB 58 5 (MV), R O R AR 1Y
MV 3 Ji Sl 5 PR AT DA ROR X LR B ) NiFe &
Filg SR 21 € profundus $5i3% 6-12 h i, ANJA]
Hy WREE T 1Y MV 38 U S g s M0 b 22 55 35 9%
15 hiF, Bl Ho o B2 A 386 o, S 0 4 o R bz 42 s o
Hy W B Ry 0%K, SRETGPETE 15 h By mE1Ch
0.86 nmol/(min-g cell protein), H7F 24 h & H BT %
Bt Hy W R 20%—80%MF, S MEIGETE 24 h
KB R E R 5), S Hy YR 60% ] B iz i,
%% 6.0 nmol/(min-g cell protein), I 5 & HEE Bl
R ) S 4 K T R (& 5) o alad X ELifR ol LLE Y, R
] Hy WeJE R MV i J5 A NiFe 0B M A0 728 fh B A
5 hynL BERF IR, H AR P EE
hynL Wi = 2R A LB i 5 o
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7 —0—0

< | I —u— 20%

2l —— 40%

5 | 3 —o— 60%
—2— 80%

A
TN
i E{R\L\?\\\ .
N B R —

Incubation time (h)

Enzyme activity
[nmol/(min-g cell protein)]

5 Caminibacter profundus Wk MV X8 B S B E %
BEARE Hy iR E R

Fig. 5 MV-reducing hydrogenase activity of Caminibacter
profundus under different H, concentration

Note: The hydrogenase activity was determined by measuring the
reduction of methyl viologen (MV) at 578 nm spectrophotometri-
cally. All the enzyme activities were measured in triplicate and each
values was expressed as xts (n=3).

25 EHEKE

R T hynLl FRik, SBGE M SR MRA KB
Z, SRR Hy WRE N 40%RFERIIE TR0 T, B
7% 12 h BFRERSE AT B KB, A9 i il ik 3
9.3x10° cell/mL, BYH} hynL 3R 535 Bk 3 i i
H, SUBES PEIGE T IR7E 24 h BRI (A 3.
5. 6). 12 h JFEHRREAK, 48 h B K iR L%
HEASEE /I, 72 h AR 4. 58%107 cell/mL;
Z R EIRAY R I R, 96 h i} hynL Fik BN
12 h RikF =M 17.2% (B 3. 6). BEHRAYRTE
ANTR] Hy e B2 R BB AN [R], Ha e BE R 0 A1 20%H,
PR AR D) A 2R R AR I KT, 7% Hy W
T, hynL FER B FER R MV 348 J5 Y S8 T 7E d s
I%; Hy ¥R 60%A11 80%H, B ik A= 4y 8 448 < okt 8
5HIGFRAM T A —5, JFHAE 12-72 h
B, 60% H WREETT, WiAERKEIBILE, X5
12 h B Ha ¥R JE S 60% 0 & 5 8 f v AH— o

FEXF hynL PR % 208 B Pk B4 A AT DA i
A, 24 hynL FEH P FRIK SR, AR A AR AT
AL TR, BRI R 1 A A AR TR 2R AR BRI T
M4 hynL FEPH )8 B T RIS, TR R AR B 1 B

BT, HETREGE 3. 6). Fidgh Ryl Btk
WS hynl FRKWRIFRELH Hy W R,
oA R R A A0 P A e, T 2 WD R 19 2

FIEHE
81 a0
7 L —20%
A 40%
6 I —o—60%
s | —o-80%

Biomass (cell 10’/mL)
S

12 24 36 48 60 72 84 9

Incubation time (h)

6 Caminibacter profundus Bk K EREARF H, ik
EHEL

Fig. 6 Growth of Caminibacter profundus under different
H, concentration

Note: Mean values were obtained from three independent experi-
ments. Values are shown as x+s (n=3).

3 i
AW BRI 2 FTBE Z AR AN R 26 Y, 7E
SR S M W 1 e o NS 2123 1 I N 2
%K C profundus W) HynL % 3R ¥ 55
Lebetimonas acidiphila B #0558 i, M5
16S rRNA Fll & ¢ Rz T W) C. mediatlanticus 1) HynL
HEALFE BT, U IR A A 57 T A hynL
ARG E K FR 5 168 rRNA (4 i AT, X 5 Ken
Takai FPHFIE LS —8. TRATEHXT T C pro-
fundus , Lebetimonas acidiphila . Nautilia profundicola
AmH M C. mediatlanticus ) HynL J#51), 19K & BliX
¥ Epsilonproteobacteria D Z5HF 1) HynL 7E E{L# I
g FIR—432, U Epsilonproteobacteria £1~2%
HEATRE S HynL MRS B H UK,
AV HA Z R AR 2R AL A i, HR ik 3
AR KRR E S R, WIRY Hyo O, T
ek ok B Faz N SORfkRE A R AN A
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thermophilus TK-6 B PE [ hox . hupl Fl hup2 & i
DRI R 4R 35, T hynL AUFER T 45%01) H,
B RRM L R M A FE S AN Ralstonia
eutropha W BEAE 2 SR ULE =5 B H, B9 SRR AR
TR FATE XS C profundus AR E AT
K, hynL 16 Hy MR N 0—-80%H 241 ] LUIFE K, 1 fE
60% H, We LI 2kt fie i, 2 40% H, WY
2.88 fif; 7E Ho WREE N O B, BEFRm A& A iy
RIS Hay ) hynL A it 3Rk, B C. profundus hynL
FIRFFAE R N ML S H. thermophilus TK-6 hynL
F1R. eutropha (Ao hynL [)FIEHE Hy WL A3
AT, TWOH WS 80%M MR T 60%I Y
hynL B3k, XMW hynL (9% 5% K0T Bg i i
R IR R AT IESCH ORI . MV I8 S
T PR AT LA RN TR AR 1 27 128 R TV 19 NiFe & & B
Pk, A Hy W BE T, NiFe SR RG-S hynl FEH £
KA, WA R X LRSI NiFe A BHAER
ik Bl RE B — 2k

gi b, IR AT U, C. profundus
hynL ikt . MV i J5 S0 6 M G iR A 1 i 34 7
S Ho W EE R 2y, Hia%—3, UM, C. pro-
Sundus 8IS hynL Rk L FREE T H, WL Ry
Ak, DT 5 0 R 2 AR 0 A R, O R 5 T
WRRI A K N ESE , C. profundus XS B A B R
YEH, 7T e HAE A i PR BT N X BB 2 7 oK R A5G AR
AV L R e N 2

2 % X M
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