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Isolation of a High Hydrogen-producing Mutant TB34 Generated by Transposon

Insertion and Analysis of Hydrogen Production
LIU Hong-yan', WANG Guang-ce’, SHI Liu-yang',ZHU Da-ling'
(1. Tianjin Key Laboratory of Marine Resources and Chemistry, College of Marine Science and Engineering, Tianjin University of
Science & Technology, Tianjin 300457, China; 2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract: To increase the hydrogen-producing capacity of Pantoea agglomerans BH18, isolated from mangrove sludge, we constructed
a stable transposon mutagenesis library of this strain. A Tn7-based transposon was randomly inserted into the genomic DNA. Mutants
were screened by kanamycin resistance and identified by amplification of the inserted transposon sequences. A mutant strain TB34 was
isolated, whose hydrogen production capacity was significantly improved compared to the wild type strain. In seawater-containing
medium supplemented with 10 g+ L. ™" glucose and had an initial pH of 7. 0, the hydrogen yield ( H,/glucose) of the mutant strain was
(2.04 +£0.04) mol-mol ™", which was 43% higher than that of the wild type strain. The mutant TB34 showed steady hydrogen
production capacity for five consecutive passages. Different carbon sources were tested in the hydrogen production by the mutant TB34
and the results showed that both the mutant strain TB34 and the wild type strain BH18 were able to produce hydrogen on sucrose,
glucose and fructose. However, different from the wild type strain, the mutant strain TB34 was also able to produce hydrogen using
xylose as substrate, with a hydrogen yield (H,/xylose) of (1.34 +0.09) mol-mol ', indicating a broader substrate spectrum in the
mutant.
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AR AR H R R HRE X
T 3545 75 57 10 Bk R E AT ok i AR A5 ik DY R
ZH TR AR, 7R BT AR B G AR A I E AR s B AL
PR T BORG T A R AR A ST R E 20T
JE A ik R T T B, R
MOCT o0 F AW 2 T Boh A8, Lo an i )38 ¥4 A 2
ARFE AR N IR AR T 400 T 11 R 3 L e 2
e e 5 AR R AT F) T R0 4T AU AE A ARG,
TE A SR ke PR B 06 PR 7 ) 14 2% 1 B 0 R R
P BEAT S5 R D REWT T, J& WF 5 AR R0 JE I — Fh A7
R AR. Fodor 5521 K BEHLAS )5+ TnS I H T %8
CHCE AN E Thiocapsa roseopersicina BBS, Jifi 1% 4k
3 6 bR A B R B R 58 TR BRI Y E IR
5 2 JHE 1~ 9 A B AR T A W o) S

WA Z E Pantoea agglomerans BH-18 HET B
IR PR —— DA AR, T2 1 ™ S ™ S R
B, 5 E B b ARG B R0™ SRR A RE
FESEE 122 S 40 T B A et IR AR T R
SR e SR R O A T Tk A AL K i
TR E ik TR BR. ABIESE DL S 4
Pantoea agglomerans BH18 A i & W kK , >R FH 5% JE -+
Tn7 A4 T R 58728 SO, 1 I FE Al i 6 w85 280™
GEAL BIRRIT HEAT P SR PR 2T, LU O i — 20 4
TR 0™ S A PR B A

1 #MREF*

1.1 EHF

IR K& W r= S 41 Pantoea agglomerans BH18
(%5775 . EU590682) 73 85 H LLB AR5 U8, i AR 52 56
BB RAE
1.2 i3k

PRk BH18 (155 75 K I LM-H K532 3E . Btk
BHI18 Wi fb R FH LB ¥i 52 58 (g- L")« 2K A1 R
10, FEREHEEUY) 5, NaCl 10. BBk BHIS 8652 745 41 i
AR 2 x YT 55 (g-L71) R R 16, %
BRI 10, NaCl 4. U3 AL 7= 9 19 52 952k H] sOC
B dk (g L") JREE IR 20, BEREE IR 5. 0, NaCl
0.5,KCl 1. 86, MgCl,2. 03, #ij%ih¥ 3. 6.

1.3 BT SR P i g At
1.3.1 )

FIFH 20 T Kk PR 2H 2 O R & (R AR ), $R I
Pantoea agglomerans BH18 3 [H 4 DNA | % H Il &
Ay M Azso{ﬁﬁ‘%: DNA 4 BE FI¥R . DNA ¥ JF Bk
A5 0.05 ~0. 10 pg-pl ™" R TR RS0 &

4 B NEB ( New England Biolabs no. E7101S) ,,ﬂ\:':fj
B TORL , R /N R4 293 bp, R RIARHLHE R T
PE. 00, BRI 1 WL 5 8T Bk pGPS3 |
1 wL DNA 1 1 wL %% TnsABC, /K 2 B
20 pL,37°CHRE 1 h. 285, FIH DNA KA 1 kb
AR SN 7 A B T S, R FE A A R
PI-Sce | (VDE) il ) %% &&= 9y, RUIA 6 L PI-Sce
[ (6U),5 wL 10 x PI-Sce | ZE ol ,0. 5 pL 2F 103
B, 18.5 wL K. M/ b5 i de 5, 7 ey T
—20°C fR1E.
1.3.2  BEZASMH &

E#R Pantoea agglomerans BH18 {% 1L J5 #5470 T
50 mL 2 x YT B335 77 18°C 120 r-min "' 555, fifi
MBI ILF] 0.4 ~0.6. IKIB A G T 4C
2500 r-min”~' B.0, 15 min YCAE K. SR )5 2 50
25,10, 5 mL T WZEKPE 3 K, T 4°C,2 500
remin "' B0 15 min WO RIK. &5 A H 140 pL it
BREEKH 2 Wl DMSO 277 400, B LA 40 pl 55
B3, - 80°CIRAT.
1.3.3 ik

$0.2~0.5 pg FEVEHIIMA 40 pl Rz 540
JIHIR 2. 58 L 5% 464X ( BIO-RAD ) 280 WL K
1.8 kV, i d7 5, A 1 mL SOC ;37 %5,37°C , 150
remin T AR 1 h U100 wL N EIFRIR A TR
AREEZE Y LB Ki Rt 37°Cat i iG55,
1.3.4 AR E

MR YEFE 17 5 115149, P15’ -TTAAGGATT
ATTTAGGGAAG-3'; P2 5'-ACAATAAAGTCTTAAA
CTAG-3'. LLBFAE TRIAR A1 98 A8 B AR JE T 41 DNA A
Mol 2547 PCR ¥ 38, PCR & W AR & (50 pl) .
buffer 5 wL (10 x ), 5[4 P1 Il P2 4 1 pL (10
pwmol -L ") JdNTP 1 wL(10 mmol-L™"), Tag DNA %
AHE1 wL(5 U-L™") B 1 L, B4lisK 40 pl. )2
N AERF A 94°C 4 min; 94°C 30 5,49°C 30 s; 72°C 1
min, 30 MEHR; 72°C , ZE{H 10 min.
1.4 ZRABREKE AR
1.4.1 @0 AR vE

TAFEAREERD T8 LM-H 5535 3L 00 R A 11 45
PRI 35 AR TR A N B R B P R U
WA 1 8 AR TR R S A 48 5 D O 1) TR VR
1% % 1 F 150 mL I35 A, 78 A 1 min, 120
remin 37 CHEIRFE IR IR , W 2% 58 A8 TR Ak A 4 B
PR AR bR, Dgyy R FH 5y 1 43 06 O BE 1. pH SR A
DLELTA-320 AR EETHHEA 70 5. AR S R HHEK
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B 2% 33 %

Pe AR BN E AR AOM A (7 6820,
Agilent ) I5E & B SR HP &R0 i R,
o 30 mLemin = ERERIEELSN 5 A 400 (60780
H) K 2 m. KA A ISR AR (TCD) |, HE i 2t
RSN E 535124 40 | 200, 200°C.
1.4.2 BRI S8 AR TRIAR ™ S

AR B AR AT A bk BH18 4225 T35 /A [m] B Y
(AR LM R RS R LB M A R)
LM-H 35 3% 5L A7 & e 7 & I T8 ik A 1 B ™ &
Tebn (AR AE Wi R RV Y pHL (AL, 245 05 A R
&) .

2 ZER5iTie

2.1 T AR RIAR I 0 36 e S5

TSR E (40 wg-mL™") i LB BEIE V-4
e K B R VAT A AR T AR AR BTk T
TowE %A, BEALPREC 15 4~ P IR, BRI 4]
DNA, £ PCR P HEKHIE , 31X 15 AR PCR 3
HPITEL 699 bpAb HA R R B (B 1) i A B
KNS 1 I3 JEor B A 6 BE B 386 R B R /IN—3, IR
SCGLARTRAR ST ToT 5 V% T46 A R B, LU A TR Bk
BH18 f) DNA MAHR , PCR P~ o 4 F Bk

AT B ZEAKR RN Marker, B 245 B #E BH, #4881 Bobr f 15 BRZEAE T
B 1 Tn7 # PCR #&ill

Fig. 1 PCR amplification of Tn7 from the genome of the mutants and the wild type strain

AR TRAR W] 5 288 2ok P IO Al EAR
KETEVE A TR AR A MR R 3R 2 d. AR I
FLAE N B RS v AU = 3 IR R v R R i — 20
PRIEFE. RAG 15 PR EIGEIRTE 20% ~40% =722
PEARE. 8T e R AR AR P O A58 1 MR AR
H LGB A PRAREE 155 43 % B 28 A8 TR MR , 1l 44 R 2828 TR
¥k TB34.

2.2 SN BE TB34 B4 K
2.2.1 fasEtk

W RS Wbk TB34 iE 2k 5 WAL, I R AR 8
RYUMETHER PCR %8 HoA% e -1 AFRE M. 45
R AR FACERRTE = (B ) RIBEE R 1P Al
KifEhasee A, B RIBR Rtk ZEAF TR
PRy PCR K DN v, Y R4 38 3 28 e % S 4k 05 971
(1699 bp). PEHHEL JRE T Tn7 A B Fa et &
AL X 5 Nakta ™ BAIESE 8 T7E Burkeholderia
glumae TR EPE I S I0G 45 SR AH— 2. 2248 FI Pk TB34
(7= e PR o 5 AR Z a7 S e i 25 5ok
W, S8R TB34 S 5 Wk, = A (H,/
EiRE) AR & w0 il 4EFE7E (1,99 +0.04)
mol - mol ' F1(47.56 £5.69)%.

2.2.2 HRKFHE

R pH A 7. 0, AT HHURE 10 g- L AOIIK
FIGFRFM T, LB R A8 T bk TB34 F1 P 2R TR Bk
BHI8 A=K 5774, WLIE 2. ZRAF Hfk TB34 FIEF A= 14
¥k BHI8 By, KRR pH ZRfL FN 7= S A 5
WD 22 5 MSE Do VE N 8 7 200 L A= RS 1 8] 42
TEbR, 2SR TB34 7R 49 15 h #E AFEEAE K,

25
—e— B4 7 BHIS
—o— ZEdF il TB34
20
15 ¢
<1
1.0 F
0.5
0

6 9 12 15 18 21 24 36
i [l /h

2 RITEH TB34 FIEF A FE % BHIS K hzk

Fig. 2 Growth curves of the mutant strain TB34 and

the wild type strain BH18



7 ] XIUEHAAE . 1 BRIR e T4 A RS TR PR TB34 YT 128 K™ S Hr 2467

Do T KAEH 1. 668. WA B PE BHI8 7E A 12 h R
HEAFRBUEK Doy B RAE N 1. 879. HIHAH L, 2878
PAIPE TB34 M AE K AR 1% . MK G TR 4 T, RAR
Fkk TB34 fic i = At (H,/ A2 4) 1Tk 5] (2. 04 +
0. 04 ) mol -mol =", A LLEF A= BBk BHI8 #2155 43% . 7]
UL A K 57847 HAFEA —3, X5 Zhu
S IR A 4t S 2 W A2 W o R R R K P T
o SRR AR AR T A A ) BRI
FEEE AR

SAFTRBE TB34 KW pH {E7E K 18 h 5 JF
UG EH R R 7 2 BERHE] 36 h BF & BEW pH (H AR
AFARAL, R RAZ WA TB34 kK~ EE A4
£ 18 ~36 h, =&t #rp pH {HAE 5. 79 ~3. 68. 5%
A AR BHIS A EL , He pH i M AR AR .
MRABER pH (EREME R TAVRM K EH RS
3, pH (AN BV HO AR 9 AR K DL S AT T R

3.0
w0 5 BHIS
25¢ 1 geAs A TB34
20}
é 15t
1.0t M
0.5 N
LB E AL an ar
RERE THAGEE  OREE AR R R

&

TR A
2.3 RIEXTRAZE R TB34 17" S5 M
2.3.1 AR

WEEB X IR R A — & B KD
R IR A W & B P A B R I 2 —
A AT AR B G LR TR &
P = S0 B UL S W0 2 i K A 5 . 25 5% 5 748 TR bk
TB34 FI A Al fe KA A 4 (6 %G 05 R 0E B
FEWE FLE JEM ML YL R ) KR AR )], K 3
AT LLE Y, 98 78 W Bk TB34 75 A [6] IS Wy 55 35 5 1
T AR AR 22 5. R R K W BT, 28 A8 TR Ak &
TR D oo 51 (1. 695 6) , FLUR A 25 0 | Sb Fn
AR, 5E A B AR BHIS AS[R] B A= I Bk TB34 AEf%
FHIABE S JEPIE A (Dgoo M1, 088 8) . 75 LAFLIE |
TEM FNEF A R AW T 50T, MR AR L T
et

7

6 T

#¢pH{i

HEBE WATHE REE O ORWE M AR
S

3 EBREXTRITE K TB34 FNEFAEF R BHIS Dy, 125 pH EFMN

Fig. 3 Effect of carbon sources on D¢y, and the end pH of the mutant strain TB34 and the wild type strain the BHI8

FHXT LS 4R pH, 28 78 B Bk TB34 F1EF A= B 1k
BH18 KB M2 pH #-AT N [ B2 B T . 78 LU
Wi AR IS R B B b A RE TB34 &
TRV pH (B T R o e Y 2B TR AR . DA ZLRE , YA
LFYER MR B & B A b, B Pk & BT AY pH
FEAE A AR AL, 2% B B Bk R BE R X S8 IR ) &
AL
2.3.2 AR

FRARTRPR TB34 FIEF AL B Ak BH18 F| HIAS 7] filk
PRI =S L, ULIEL 4. v R T TR R A R 65 A
FH TR , 1 250 AT SR R e . L DA
fPe SR AR, AT I BR TB34 P& (H, /40
Z5°4(2.46 0. 12) mol-mol ', BF/E ik BHIS fiY 7™~
S (H,/ B %) 7 (1.89 £0.15) mol-mol ™', 7F
DLFLBE  JER AT 48 R B 35 500, A Ak

TB34 FIEFAE: Fikk BHI18 #EARESEAT A

3.0

= iR BHIS
25t T 1 el Kl TB34
3
’—? 20 F ks T
gl
B T
=
= 10t
E
w
oos
0 i = m

REBE  AGETEEORWE ORWE R gEER
4]
4 BURMREE TB34 MEFLEE K BHIS S EHIFMN
Fig. 4 Effect of carbon sources on the hydrogen production capacity

of the mutant strain TB34 and the wild type strain BH18



2468 7

2% 33 %

5B A bk BH18 AN[A], 2848 bk TB34 7ELAIAK
BRI RS2 550 T BB Rl = &, 7 A (Hy/ R
W) (1,34 0. 09) mol -mol ~'. FEFA AR L, 58
AT BR TB34 4 K™ S W) A G L s 20™ & A
) I 2 R AR 2 — 2 R 2 Bl W A 28 E A7
A7 HATE N A A B B A, FEA
R AR AN A I 1 7 R A O A B A
TR ) 7= S B I AT A R R TR 4k R K i
B4 BELRE T2 R DL A T R S B 2
60% ~ 70% , DL A M A 3 () T8 B 29 5 30% ~
40% . FRAFTRRE TB34 REME I FH A5 45 45 1A B 46
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