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Deinococcus geothermalis is a moderate thermophillic radiation resistant bacterium producing greater
abundance of sugar metabolism enzymes than other Deinococcus species. In this study, optimal
condition for xylanolytic activity of D. geothermalis was determined and xylooligosaccharides from oat
spelt, beechwood, and birchwood xylan hydrolysates by this organism were analyzed through HPLC.
Reducing sugar yield was increased in the order of beechwood, birchwood, and oat spelt xylan. D.
geothermalis displayed maximal xylanolytic activity at 40°C and pH 8.0. Magnesium ion increased
xylanolytic activity upto 7.5 fold. Six kinds of xylooligosaccharides (xylose, xylobios, xylotriose,
xylotetraose, xylopentaose, and xylohexalose) were detected from beechwood and birchwood xylan
reaction products. Among them, xylose was the major product. However, only three kinds of
xylooligosaccharides (xylose, xylopentaose, and xylohexalose) were clearly detected from oat spelt xylan.
Gamma-ray (50 kGy) treatment of beechwood xylan, birchwood xylan and oat spelt xylan increased
xylanolytic activity of D. geothermalis. The results indicate that D. geothermalis and pretreatment of
radiation is useful for xylooligosaccharides production.
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D. geothermalis (DSM 11300)& 35Hu|8E 2AAE
ZRE B BoTh 8vFA] TGY HiA|(tryptone 5.0 g, yeast
extract 3.0 g, glucose 1.0 g/L)E ©|-83l9 e, Hao e}
FH(15 g/L)S FH7lsked 50°ColA vieksldtt. D. geother-
malis2] xylan #3848 Z74317] A xylan #3815 3H-dn)
2|94 Gram’s Iodine WS o]-§3te FR1etArh(12). 1%
xylan (beechwood xylan, birchwood xylan, oat spelt xylan)©]

¥X3lz]o] )= Degryse medium 162 minimal (yeast extract
2.5 g, tryptone 2.5 g, nitrilotriacetic acid 1.0 g, CaSO,-2H,O
0.4 g, MgSO,-7H:0 2.0 g/L, 0.2 M Na;HPO,-12H,0 15 ml,
0.2 M KH,PO4 10 ml, 0.01 M Fe(Ill) citrate:5H,O 0.5 ml,
pH 7.0 trace element solution 5 ml) SHHHIX] <o D.
geothermalis ¥]FH 10 plS 38R Sl HE3S F 50°C
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Fig. 1. Detection of saccharolytic activity of D. geothermalis on
agar plate using Gram’s iodine (A). Release of reducing sugars
from various xylans by D. geothermalis. Samples were incubated at
50°C and pH 7.0 (10 mM sodium phosphate buffer) for 120 h (B).
Data are presented as the mean of three individual experiments.

Todine (KI 6 g, iodine
S Ikt D.

33559 xylan (beechwood

4] 36A1XF Ft HlYEIAL Gram’
3 g/L)OF 557}
geothermalis= 23| ©]&
xylan, birchwood xylan, oat spelt xylan)& EF 3| 4= )
= 840l e Fo= YETHFig. 1A). B4F ] 37
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TR 21S #1898k xylan®] F-FHbeechwood
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Fig. 2. Release of reducing sugars from beechwood xylan by D.
geothermalis optimal conditions. Effects of various temperature
conditions. Samples were incubated with at pH 7.0 (10 mM sodium
phosphate buffer) for 120 h (A). Effects of various pH conditions.
Samples were incubated with at 40°C for 120 h. pH control by 10
mM acetic acid buffer (pH 5.0), sodium phosphate buffer (pH
6.0-8.0), Tris-HCI buffer (pH 9.0) (B). Effects of various metal ion
conditions. Samples were incubated with at 40°C and pH 8.0 (10
mM sodium phosphate buffer) for 120 h (C). Data are presented as
the mean of three individual experiments.

xyaln (2.7%) Z12]3l oat spelt xylan (2.2%)%] A2 T3
o] EAl JEPTHFig. 1B). Wt G3l&o] 7 &2 beech-
wood xylang 7]A= o]g&ald, L5 W Fa}s-S Hlwdh
A7} 40°ColA Bkgo] 71 EA el THFig. 2A). B3HE
2 D. geothermalis®] A7 2521 50°Ce] HIFH 40°CellA
°F 33% 718t o] AYZAHE 53| D. geothermalis®)
A2 9L beechwood xylan 73] HHS-o] 32 -z
o] ztol7t AFES & F AUk pH X9 e E F5}8-9]

2}o]S X JTtHFig. 2B). pH 8.0014 F3}-&o] °F 5.08% =2 7}
7 =4 UERsTh pH 8.07HA1E pHYL S718E ©3l&0]
F7FIAAT pH 9.09M < B&0] 7HAsteh HlaE] 3
g pH Z7A g ol ‘3’330411”} Kl S e R
A= ®al7F Al = Zio & 4= Ak Fig. 2CE xylan
9] 7Rl HhEelA gE5RE Z}ﬂ vX= ke sl v
Bl AFjolt}. F40]29] FT/HE 25t beechwood xylan
< 40°C, pH 8.0 Z7olA W3-8 & 388 4313tk &
EHEQIXS] Hrlo| mE BFIEd A7 MgCL (23.4%),
CuCl, (15.9%), ZnCl, (8.5%), CaCl, (3.6%) —18]il FeCl,
(2.9%) A2 F7FIATE 53] MgCL< H71sls o B3t
&) 7.59) Z71EIA S CuCLe} ZnCLE H7FtdS
o= Fshgo] 77 5.1, 2.78) F7FeFTE SEARF FeCL o}
CaCly2 D. geothermalis®l 23+ xylan2] #3f WkS-ol] ks
FA 2k o] A¥ AF}EHRE MgCLI CuCl, 1g]x
ZnClL2 D. geothermalis®] xylan 73] WH-&-oll A HZ1x}
2A A3k AoE YERRTh

Xylan SsliitE B

7RSS B8 EsjE &4 HPLC (Agilent, USA)
£ o]83le] EAsIdty B4 o]-8E xyland} xylooligo-
saccharides 7282 717} Sigma-Aldrich, USA$} Megazyme,
Ireland S ZH-E Y39tk HPLC £ Aminex HPX-87P
column (Bio-Rad, USA)S AFE3IR L, £4A] column® &%
= 65°C 181 4L 0.8 mminE FASIATE o] FAS
20 mMe] Sito]l ¥FHE EiE FHRTE ol8atiem, RI
detectorE- o]-8-8t] EAEIHTE A Jlg=Eal 279 40°C,
pH 8.0 183l MgCLE #7138 ZZAM D. geothermalisS};
Hkg-5te] AAE B2 HPLCE #2493 A3} beechwood
xylan, birchwood xylang 7|&Z ©]83}HS 7 xylose
(X), xylobiose (X2), xylotriose (X3), xylotetraose (X4),
xylopentaose (X5) Z12]3l xylohexaose (X6) E5F A=A
kg AAE FollA xylose (X)Q] A o] 7P =4 el
o} 3 oat spelt xylanS 7]AZ ]85S wlol= xylose
(X)<} xylopentaose (X5) 1|3l xylohexaose (X6)7} A=
ST} Oat spelt xylan 9A] WS- AAE FollA] xylose (X)<
shao]l 71 =7 UERATHFig. 3). D. geothermalisZ F-E
EE F579] xylooligosaccharides7} AJAHE &= AL 1tk

HIAMM ZALQ| HXfE| E3t

Xylan®] E3Fet AFT2E Al st &84 RaE
Al A PO ZA AP ZARE ST AR 2ARE

A HATYe] HY 300 kCi, Co-60 #rpa FAMAA
(AECL, IR-79, Nordion)& o|-83}] ARSI ok A
£ 4°CollA B 70 Gy A#eE 747} 1, 5, 10, 30, 50 kGy
o] T FFAES AEF si%lom, T FFARY A=
5% o7t HE5 a5tk o] W FAEe] 4L 5 mm
diameter alanine dosimeter (Bruker Instruments, Germany)=
ZA3Ath 10 mM QIAtE-EHo] 838E 0.5% xylan &8
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Fig. 3. HPLC analysis of xylooligosaccharides standard samples (A)
and the end products of hydrolysis of beechwood xylan (B) using
Aminex HPX-87P column. The column was eluted with 20 mM
sufuric acid at a flow rate of 0.8 ml/min at 65°C. (Retention time
: xylan-4.2, xylohexalose-4.66, xylopentaose-5.16, xylotetraose-5.56,
xylotriose-5.92, xylobiose-6.47 and xylose-7.06 min.)
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Fig. 4. Effects of the only gamma ray radiation pretreatment on
reducing sugar yield of various xylans (Black bar). Release of
reducing sugars from various xylans by D. geothermalis after the
gamma ray radiation (50 kGy). Samples were incubated with at
40°C and 10 mM sodium phosphate buffer, pH 8.0 in the presence
of 0.4 g/L MgCl, (White bar). Data are presented as the mean of
three individual experiments.
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