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Fig.2 The effect of temperature pH and salinities on the growth of strain xyl-d.
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0.154 460 =
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carbon and energy sources < P
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T T T T T T T T T T T
mannite + 4+ + 0 1 2 3 4 5 6 7 8 9 10
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Fig. 6 The effect of different nitrogen sources on strain xyl-d.
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80 Thermoanaerobacter sulfirophilus DSM 11584(Y16940)

Thermoanaerobacter wiegelii DSM 10319(X92513)

Thermoanaerobacter siderophilus DSM 12299(AF120479)

xyl-d(HQ710549)

Thermoanaerobacter ethanolicus DSM 2246(1.09162)

Thermoanaerobacter acetoethylicus DSM 2359(L09163)
Thermoanaerobacter thermohydrosulfuricus DSM 567(1L09161)

Thermoanaerobacter kivui DSM 2030(L09160)

Thermoanaerobacter brockii subsp. lactiethylicus DSM 9801(U14330)
Thermoanaerobacter pseudethanolicus DSM 2355(1.09164)
Thermoanaerobacter brockii DSM 1457(1L09165)

Thermoanaerobacter finnii DSM 3389(1.09166)
Thermoanaerobacter thermocopriae ICM 7501(L09167)

100

Thermoanaerobacter italicus DSM 9252(AJ250846)

60 Thermoanaerobacter mathranii DSM 11426(Y11279)
100 |—_

Thermoanaerobacter mathranii subsp. alimentarius (AY701758)

hermoanaerobacter sulfurigignens DSM 17917(AF234164)
Thermoanaerobacter uzonensis DSM 18761(EF530067)

—— Thermoanaerobacter subterraneus DSM 13054 (AF195797)

9

100—— Thermoanaerobacter yonseiensis DSM 13777(AF212925)

16S rRNA

Fig.9 Phylogenetic tree based on 16S rRNA sequences. The tree rooted was constructed by the neighbor§oining method with bootstrap values

calculated from 1000 resampling. The numbers at each node indicate the percentage of bootstrap supporting. The numbers in the brackets after each

bacterial name are 16S rRNA gene sequence accession numbers in GenBank. Bar 0.01 sequence divergence.

3

xyl-d

Table 3 Characteristics differentiating strain xyl-d from most closely strains

Characteristics

xyl-d

T. ethanolicus
DSM 2246" *

T. wiegelii
DSM 10319" *!

T. mathranii subsp.
mathranii SC2 "

Thermoanaerobacter
HL-3 *

Cell size

Gram staining

Spores

Temperature range
(optimum) / C

pH range (optimum)
Toleration of NaCl
(optimum) /(% ;w/v)
Isolated from

Doubling
optimal condition/h

time under

Ethanol conversion

experimental  value  of
ethanol /theoretical
value of ethanol

DNA G + C content/
( mol% ) -Tm

the end products

from xylose or glucose

major

(0.27 - 0.40) um x
(1.35 -5.08) pm

negative

terminal

30 -85 C (65 C)
3.0 -10(7.5)

0-4.0(2)
0il reservoir water
0.97
1. 14

xylose®

mol/mol
)

0. 684

45.6

ethanol. acetic acid.
isobutanol. H,. CO,
(ethanol: acetic acid:

isobutanol =163:5:1)

(0.3 -0.8 ) pm X
4 -8)pum”

variable
non-spore-forming
37 -78 C (69 C)

4.4 - 9.8 (5.8 -
8.5)

ND
hot springs
ND

1.8
glucose

mol/mol
)

0.45

31.9

ethanol . CO, . acetic

acidv  lactic acid
(ethanol: acetic acid:

lactic acid =18:1:1)

(0.4-0.6) pm x (4
-1)pm

ND

terminal

38 —-78 C (65 - 68
<)

5.5-7.2(6.8)

0-5.8
a freshwater pool
1.2

(1.1 = 1.7) mol/

mol glucose
g

0.275 -0.425

35,6 1.2

ethanol acetate
lactate

co,

propionate
and H,

0.38um x (1.7 -
3.9) pm

negative
terminal

40 °C - 75 °C (70
<)

5.5-9.5(6.5)

0-5(0)
oilproduction water

1.08

0. 05 mol/mol glucose

0.0125

30.8

ethanol. acetic acid.
propionic acid H, .
CO, (ethanol : acetic
acid =2.2:1)

0.50pum x (3.5
-4.2) um

negative
non-spore-forming
40 C - 75 ¢
(60 C)

5. 0-8. 0(6.5)

0-3.2(0.25)
oil reservoir *
1.25

0.10

glucose

mol /mol

0.025

33.9

[S[0 N ethanol +
aceticacid
( ethanol : acetic

acid=1.1:1)

(1) Tt is measured in the early logarithmic growth phase. (2) Fermentation balance of xylose by strain xyl-d. The fermentation was performed in a 10 ml

culture of prereduced medium containing 0. 35%o yeast extract with a starting pH of 7. 5

and under an atmosphere of N, at 60 °C. (3) Fermentation

balance of glucose by strain JW 200. The fermentation was performed in a 10 ml culture of prereduced medium containing 0. 5% yeast extract with a

starting pH of 7. 5

and under an atmosphere of Ar at 72 C.
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Characterization of an acidotolerant thermophilic
Thermoanaerobacter sp. xyl-d with a high xylose
conversion

Wenjing Zhang' Shichun Ma'®> Yu Deng' > Hui Zhang' >’

' Biogas Institute of Ministry of Agriculture > Key Laboratory of Energy Microbiology and Application Chengdu 610041
China

Abstract: Objective We screened a thermophilic xylolytic bacterium that produced fuel ethanol from a high-temperature
oil reservoir and provided microbial resources to genetic engineering strains construction and consolidated bioprocessing.
Methods We adopted Hungate anaerobic technique to isolate strain xyl-d from oil reservoir water sample enriched for
two years from Shengli Oilfield in China and we identified strain xyl-d with morphological physiological biochemical
and phylogenetic analysis. Results Strain xyl-d was gram-negative rod-shaped sporeforming and strictly anaerobic.
The growth temperature ranged from 30 °C to 85 °C (optimum 65 °C) and the pH ranged from 3.0 to 10.0 (optimum
7.5) and salt concentration was 0% —4% (optimum at 2. 0% ). It converted D—xylose into ethanol acetate CO, trace
amount of iso-butanol and propionate. The genomic DNA G + C contents of strain xyl-d was 45.6 mol% . Based on 16S
rRNA gene sequence strain xyl-d was most close to Thermoanaerobacter wiegelii DSM10319" and Thermoanaerobacter
ethanolicus DSM 2246" both with the 99. 3% similarity. It produced more ethanol and less acetate at initial pH 8. 5 than
other pH. Ethanol yield was increased significantly with yeast extract and ethanol became the main end product. In
addition growth of strain xyl-d was inhibited obviously with ethanol concentration more than 7% (V/V). In the optimum
growth conditions xylose degradation rates reached to 91.37% . Conclusion Strain xyl-d was thermophilic high xylose
conversion rate acidotolerant anaerobe. It was a potential bacterium that can be used for consolidated bioprocessing.

Keywords: Thermoanaerobacter ethanolicus ethanol D-=xylose lignocellulose consolidated bioprocessing (CBP)
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