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Analysis of Microbial Community Structures in Thermophilic Hydrogen
Fermentation of Starch

Yohei Akutsu, Yu-You Li*, Kengo Kubota, and Hideki Harada (Depariment of Civil and Environ-
mental Engineering, Tohoku University, 6-6-06 Aoba, Sendai, Miyagi 980-8579) Seibutsu-kogaku 86:

157-163, 2008.

Microbial community structures in thermophilic hydrogen fermentation (55°C) were analyzed by
molecular methods, including polymerase chain reaction-denatured gel gradient electrophoresis (PCR-
DGGE), real-time PCR, and cloning methods. Samples used for analyses were obtained from five identical
completely stirred tank reactors (CSTRs) of thermophilic hydrogen fermentation from starch, which were
seeded with five different types of inoculum. The closest relatives of the genus Thermoanaerobacterium,
which is known to be a typical hydrogen producer, predominated in all reactors. However, microbial com-
munity structures abundant in each reactor were different, indicating that the type of inoculum is one of
the important factors for thermophilic hydrogen fermentation.
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Table 1. Primers used in this study.

Primer Specificity Sequence (5'>3") Purpose Reference
EUB341f bacteria CCTACGGGAGGCAGCAG Real-Time PCR 10)
EUB341f-GC  bacteria GC ddamp-CCTACGGGAGGCAGCAG DGGE 10)
UNI518r universal ATTACCGCGGCTGCTGG PCR-DGGE & Real-Time PCR 10)
27f bacteria AGAGTTTGATC(A/C)TGGCTCAG Cloning (ligation) 11)
1492r bacteria GGTTACCTTGTTACGACTT Cloning (ligation) 11)
M13 f vector GTAAAACGACGGCCAG Cloning (sequence) invitrogen
M13r vector CAGGAAACAGCTATGAC Cloning (sequence) invitrogen
ThrmoH2F Thermoanaerobacterium GCGTGGACAATCTACCCTGT Real-Time PCR this study
ThrmoH2R Thermoanaerobacterium TATAGCCGCCTACGTGCTCT Real-Time PCR this study
GC clamp — CGCCCGCCGCGCGLGGLEGGGEGGGGCGGGGGCACGGGGGG  PCR-DGGE 10)

55°C, HRT 24 MDD &M T o 7. MR IE A A A BOH
EBIUOATAMENENENZELIZ44 HEDY > 7
VARG, EERICHHA L7554 11 5720 ORI,
7> 7>, 10,000 mg; X7 I >, 500 mg; yeast extract,
500 mg; NH,HCOs, 500 mg; Na,COs, 2000 mg; KoHPO,,
250 mg; MgSO, * 7THy0, 120 mg; FeSO, « TH,O, 25 mg;
KI, 2.5 mg; MnSO,*4H:0, 2.5 mg; CoCl:*6H0, 2.5 mg;
ZnSO, * TH20, 0.5 mg; NiCls * 6H2O, 0.5 mg; Na;MoO,
2H.0, 0.5 mg; HsBOs, 0.5 mgTH %Y.

ZFNENOERATHHE L -MERIZ, RENEMEHGTE
DR LG (RD), FLAEOSRE(LEE (R2), T
KAREAEZAHDAYERZXF (RY), U0 dOEiniE
REETHIE (RY, TAGRELEZADERMILTEIE (R5)
TH 5.

PCR-DGGE % DNA D4 lZ, Ultra Clean Soil
DNA kit (MO BIO) # M\, IRfF ORI L7
FIETiro7 MtHL7DNAZT > 7L —DbEL,
EUB341f-GC &£ UNI518r D774 v —+ v [ (Tabel 1)
T16S rDNAD V3 sk % & e #ifH % 4 M B 12 OV CTPCR
HmE L 72

PCR B DMK IZ, ZNZENDTTA ~—, 0.5uM;
dNTP mixtures, 0.2 mM; Ex Taq PCR Buffer (5% Mg+
W, 1.5 mM) ; DNAKY X 7 —+TaKaRa Ex Taq (X
ATINAA), 25 U0/100ul & LTz, Y=o 7T —
l&, TaKaRa PCR Thermal Cycler Dice (Model TP600)
(B H T4 F) ZRAW. PCR DML, 94°C x5 9
+ (94°C x 30> + 53°C x 30F) + 72°C x 143) x 3541
7+ 72°Cx545r & L7z

DGGE I 4R E Xk E) 2 & DCode (BIO RAD)) %
HAWic, 727907 3 F7)VE, BURIORE DA 15-
55% & 7% £ 5 \TFHBL L 7o (ZEVEAIREE A3 100% DR : R
ETM, RIVALAT I N 40% (viv)). BRIKENZ, 0.5 x
TAE Buffer % V> T58°C, 130 VDT 300 45017 -
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7. BRIKENRD 7 L h D DNADKIIIZIZ=F L7 LT
o~vA FE2RAW, UVEBHBLUOEGOR Y AAITIE
ChemiDoc XRS (BIO RAD) ZHWw7z. o/ N> F
)0 L, QIAEXII (QIAGEN) ZX Y DNA % #hi
L 7z. PCR TH#ilE L 72 DNA % MicroSpin S-300 HR
Columns (GE Healthcare) (2 & 0 ¥ L, A/ %

a7z

1) 7 IR A LPCRE% R\ - Thermoanaerobacterium
BHEOEE

7514 —D5%E Thermoanaerobacterium J& B D
EBIHEMRA LT T4 ~v—+v I (ThermoHsF and
ThermoHyR) DFRETTIE Primer3 Z H 7212, FREFL 7
TIA4v—DEBEREEZUTD (1) ~ @) 2boTHRIE
HE L7z, (1) RDPIW O3 2 —)L “"Probe Match”
1T & AU Thermoanaerobacterium JERMIE I X O Z 15121
B o — IR TH - 72 2 &, (2) LightCycler i<
X BEMRHAROITIC LD, T4 ~v—F 1 v =B XU
FERPEMDER PN &, (3) LightCycler 1T & 0 3
g L 72 PCR WD 7 /70— 27 )VELIKENT L 5 57
2TV, BRE LY A ZEZEL WY FOADBILEX
N2 &, BXU (@) LightCycler (2 X Y 3§ L 72 PCR
PEW) 2 #5 & L CEUB341fGC &£ UNIS18ric X V541
72 PCREM % AT (nested PCR), DGGEEZ4TW»
BoONTTXTDOINY F ORI 2 fEGe LR, W
MCELITNTOEEEINER L EZBTDH 72D,
Thermoanaerobacterium {EME ThH 722 &, ThHd. &
L7771 ¥v—ITGC-clamp 4§ n1L TDGGE Z41H
912 nested PCR IEZ W2 DL, FiE TlE/N> P &
CHBEE TV H LB TELR P o720 THD M,

)72 4 LPCREZ < 16S IDNADTEE
) 7 V& A I PCR #E121E, LightCycler DNA Master
SYBR Green I (Roche) ¥ & UFLightCycler (Roche) %
vz, HEEMEOERICIE, EUB341f% X 'UNI518r
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ZRAWS., VT IVE A L PCRIEDRIGEEIE 20 ul O
B, RD XS ITHRE LT - Mgt (EBRIT X 0 RE &2k
EL72) ;&7 74 ~—, 10 pmol ; #ifli L 72 DNAVEK,
2 ul; SYBR Green I, 2 ul. ') 7 )V X+ L PCRED PCRS:
7, 95°C x 30 + (95°C x 0F) + 7 =—Y > 7R
[°C] x 10F) + 72°C x (PCREHDH A X [bp)/25) ) x
30 % 7 )& L7z, ThermoHoF & ThermoHoR 35 L T
EUB341f & UNI518r ZNZENDT T4 v —+t v MIH
Wiz (7 ==V 7IRE, Mgt iRE) &, (60°C, 3 mM),
(55°C, 4 mM) & L7z,

HIFEME B X O Thermoanaerobacterium J& M E D 16S
rDNA & & OFE#E DNA 121, R1 2 HEIL 7o 85K
1D 16S rDNA % £ ML EAUTFERIN L T T A ~ — THIIE
L, QIAquick PCR Purification Kit (QIAGEN) 2 X Y
K L7 bOREAL 7. 2O DNABKZBMKICE Y
BPEAL, BREMROIFRICHM L 7.

sO—=>% 27 1 —=>27|% TA Cloning kit
(invitrogen) %M L7z, £79, BE&% PCR-DGGE ik
D & FRRIC L Thli LT, EIEME D 16S rRNA E(L
FRENE ST 527(E£1492r 771 v —+ v P TPCR %
To7 IMIOFHEOFIRICH > Tr7ao—22FRL,
WHRLY 2 fEFE T 272D MISF & MISR D7 74 ¥ —
Y b ZHAWVTPCR (94°C:10%) + {94°C: 1% + 50°C:
1497 + 72°C : 253} x 30H A 7 )L +72°C : 10%) %*41-
72. 2@ PCR EEWITH L C Mspl %72 RFLP
(restriction fragment length polymorphism) )&%
1otz BRIKENL3%T Ha—Z7)LTE0V, 40450
1ol Ny F7a7y A b70—2%4%40TU
(operational taxonomic unit) (XL, ZNZEND
OTU IZ2WT EUB341f % X U UNI518r {2 X 9 350 ~
900 bp DHEAELHN 2w L7z, S HICa Lclai”r
RDP (http:/rdp8.cme.msu.edu) 23$2H:3 2 CHIMERA
CHECKIZ LD ¥ X T THRWI & 2R LY, greengenes
(http://greengenes.lbl.gov) DT 2B T 0 7 T L
EPROWGLEEZFAND, KRICLVELNY
O — > DA IZ DDB] (http://www.ddbj.nig.ac.jp)
KERFEATHS (T71y>a &S AB355968-
AB355979).

BRI DERS KURMEOER  EAERII DM
213 CEQ 8000 (Beckman Couler) ZH\W 7z, Rt
{ERCY 7 M IZMEGA 3.1 2 L 7219, Rk Do
BRI 3 o MR E A HEE 21213, “p-distance” Z {1
L, JTBERE G 2 W CRHUE 2 fil L 72, bootstrap @D
FEATEBIE500[8] & L7z,
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EERRIER

EERBRROKFRESM KEBRADERIREIC S
\F % pH 3K FERBACHEY) 2 HPH T 2 5 HifR IR L
72, ERAM CTKERBFEN R D, KENEKIL1.838~
2.32 mol Hymol glucose ThH 572, 7> 7> D fRTE
AR L7 DIIEEE, Fs L UABRTH-72h, Zh
DDA Y DIREITIIERAMB CTERN AL S N7z,
AWFTE TR D e 5 5 DD IGHE %= [F) U #Eln g
(55°C, HRT 24 h) TWHIL Tro7e DT, KEFEEHEF
PEDE NI L HEROEEBIIL 25D THD L%
Z b,

PCR-DGGE I & 25 Bk ERBEME R OB &R

BARICERALIZY > 7L Fig. 1IR1ICH T 2 DGGE
N BT a7 7 A NVORERZEA R FIR L 72, S %
FAtA L CTh D@ D 10 HIEN MBS T O Had D3 FE YR 2
HR&ELSEML, HRAERPEERQLE L7234 HEEIZI
N RTa7 7 A HEE LT

PCR-DGGEXAICK W ETRINTIGAKE B EMK
544 HHOARDMERF DM % PCR-DGGE AT &
DRI L7z Fig. 2 I ohienN>y F7a7y A )Lz,
Table 2 (2/3> F OEFEFLT O it f5 R D  BIERS
REZNEZNRLT: Fig 26l R L5, £F
BRATNY F7a7 7 A WDRLE-T0E. I, &
RINTHEEI N MERFOMENRL 2 ERRL TV
%. Table 212777 & 9 1Z PCR-DGGE LT & 0 FITHI%
LNz DI, Flavobacterium JBHIE (R1 ~ R4), Clostridium
BRI (R2) 3 & U Thermoanaerobacterium JEMIE (R1~
R5) (TTRE M Th - 7e.

Y7 IR A LPCRERERW-HEEDD Thermoa-
naerobacterium EHIE D E = ARST PCR-DGGE 12
£ 0, &EFEBRITEB T, Thermoanaerobacterium &\
R EDME SIICHEEL T 2 E DRI Nk

S 9 22 34 44

L e w—

L

1-1
~ J % &y‘é P
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-0

Fig. 1. Time course of DGGE band profile in reactor 1. S, seed
sludge; numbers above the image, elapsed days.

159



Rl R2 R3 R4 RS

Fig. 2. DGGE band profile in each reactor in stable state (on the
44" day).

Z 2T, ZFEBRARITEB T Thermoanaerobacterium J& MBS
1) 7 IVA A L PCRIEIC X O EEWITHRET L7, Fig. 3
IV 7IVA A L PCRIEICK D R HIEMBE D I —
BATK 3 D Thermoanaerobacterim JEMIE D 2 ¥ —# D E|

&7z m L7z 16S TRNABETFIE, MEICLORELT
WBENEL D7D, 16S TDNA O I ¥ —HDOE &1

EEOMEBDEIG EEL VDI TIIRWVH ), AHFE
Tl Thermoanaerobacterim JEAE D EAMEIZ 5 5 E &
Z16STDNAD OV — A2 HKETH D &, 40~95%Th
0, Thermoanaerobacterim JEMEDE L L T/ 2 & A%EH
L TH 5.

Table 2.  Closest relatives determined by PCR-DGGE.
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Fig. 3. Quantitative analysis of the ratio of Thermoanaerobacteri-
um to bacteria based on copy numbers of 16S rDNA. Results
were the average of three measurements. Scale bars repre-
sent standard deviations.

I O—Z2JEICK DHEFHOBERNT & RER

MR OFEM A E 2 T 2 ZE2#HEME LT, K
FEBDENKE PSRRI ERSITEN T/ -2
BT X 2T 21T\, SR % Table 3ICRL:. 70—
BRIV THHET % &, R1 Tld Thermoanaerobacteria-
ceae fE (79/89), Flavobacteriaceae fllEd (7/89), Oxalo-
bacteraceae fEE (3/89) TdH -7 (FEIMH D 0 # i 4
7a—Zxd 5E|E) . —J7 R5 Tld Thermoanaero-
bacteriaceae Ml (71/85), Clostridiaceae Ml (14/85)
T# - 72. Thermoanaerobacteriaceae (ZJ& 3 2 M H
FDRINTIBWTKRERY 2 G072, W& DM DR
EIZHOLPITELZ > T, EREESI DM DR

Reactor Band no.  Family Closest relative Accession no. Length (bp) Identity (%)
R1 1-1 Flavobacteriaceae Flavobacterium sp. AJ319015 160 100
R1 1-2 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum AF247003 130 100
R2 2-1 Flavobacteriaceae Flavobacterium sp. AJ319015 163 97
R2 2-2% Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum Mb59119 134 98

Clostridiaceae Clostridium sp. C41-3 AB059479

Desulfotomaculum Desulfotomaculum sp. AB059478
R2 2-3 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 134 98
R2 2-4 Clostridiaceae Clostridium sp. C41-3 AB059474 130 99
R3 3-1 Flavobacteriaceae Flavobacterium sp. AJ319015 160 96
R3 3-2 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum AF247003 130 97
R4 4-1 Flavobacteriaceae Flavobacterium sp. AJ319015 159 96
R4 4-2 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum AF247003 130 99
R5 5-1 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 130 95
R5 5-2 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum Mb59119 93 95

*Three types of bacterium were considered as candidates of band 2-2.
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Table 3. Clone library of 16S rDNA obtained from R1 and R5.

Clone Family Closest relative

Accession no. Length (bp) Identity (%) No. of clones

R1-1 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 839 97 79
R1-2 Flavobacteriaceae Flavobacterium sp. DQ778310 834 99 7
R1-3 Oxalobacteraceae Janthinobacterium agaricidamnosum Y08845 382 97 3
R5-1 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 743 95 62
R5-2 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 854 90 6
R5-3 Thermoanaerobacteriaceae Thermoanaerobacterium thermosaccharolyticum M59119 350 93 3
R5-4 Clostridiaceae Clostridium diolis AJ458417 712 94 5
R5-5 Clostridiaceae Clostridium cellulosi L09177 782 92 4
R5-6 Clostridiaceae Clostridium sp. AY 188846 712 97 2
R5-7 Clostridiaceae Clostridium sp. AY188848 673 95 1
R5-8 Clostridiaceae Clostridium sp. AY 949859 679 92 1
R5-9 Clostridiaceae Anaerobacter polyendosporus Y18189 785 96 1

Thermoanaerobacteriaceae ¥ & U* Clostridiaceae (248
AN a—r B OENCIZEEMEOELR S 2 H
ORI 24T - 785 R % Fig. 4 IR L7z, RFFED
AT DREFAF D N7 Ak 2 b £1Z, Collins 59D
HEIZHE, &FDNAY TAL —ZpHEL. RIBLT
R5 TH LT 7 0 — > DKERD L, Thermoanaerobacterium
JEMEDE T % Cluster VII THE S 4720, RELSHEDS
N7z 7 10— R5-2386 L UR5E-3 1ZBEFF D Cluster VILIZIE
TOMHEIRLDARMOWE Td 572, R5 THEINT:
ClostridiumJE 2T f% 7% 7 1@ — > (L Cluster 1356 X U Cluster
IVIZEL T,

Z =

B & T thermosaccharolyticum D45, KA 5E T
I3 EER AT\ T T thermosaccharolyticum (23T #5721
BEL L T2 ED PCR-DGGE %, U 7 IVE A A
PCRIEB IV 70—V 7IRICE VRENT. 2D XD
2, WINDEBRRITEB W T S T thermosaccharolyticum 2
WA ST MRS L 2o B R E L T,
EETEDLMED, 7> 7 &, e ket
(pH 5 HifR), H/IMEARRIAY 24 IRFEILLT, 2 & D4AE
WKREINIZEDPKRELRMBTHDIEEZDND. T2
72U, HRIKFE RS & SRR FEEESMFIT L D MEE
BHORY ) == 7R E T 2 &, PIRKERERED
By, HEINTH2HIEIZREL )V TlEE AR
FT2DITR LT, GFiRAKRRRE CTIEEL VT W»
THREZINT VD HTERLD I ENWRBINT.

Thermoanaerobacterium JEME X, 777 LM, IFE4E
BREEMEE CTdd 22422, T thermosaccharolyticum (2T %72
ML, ZVva—X, Cednd, AT4H Lo—2
REXFXERAEEZFA L IEREKEREEICS W T
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BEINTNDE2-0, Fo 7> OElRKEREEIC BN T
T. thermosaccharolyticum \ T A5 72 AN AAFAE L 72 & & Z2#
ETDDIIEMIEL DT TH 5. T thermosaccharolyticum
R 2 i B OK B AERME & L TN TW» 5.,
Ueno 53, 738 L 72 T thermoanaeosaccharolyticum 1% 2.39
mol Hy/mol glucose D/KFZAEET 2 Z & 2I]EL T
52, KPR TE 5 NI AR ENEK T Z NIRRT 2(E
T 5. Thermoanaerobacterium &M 1T 5 70 A EE A3 A
WRDOKEARICEELRZBHX 2L T EBEZHN5.
BEEROHMBEHEEICREITEE
bacterium BAEDP EBELWE TH B Z &1L, R1~R5ITH:
MWL TV, EEARB THE R GEICIEI S0 ICER
WhHDHIEPBEIN. RIERGEZHRELI 7 O—
=TT, Clostridium BRI I 272 MBS IXR5 18
WTOLBEIN, £70—2FhTH1I6% % HD7:. &
7K E RO BEEMIE Tld,  Clostridium JEAE DB ZE 1
WMAEIT L O HEAr B 22520 Clostridium JEME 13 FIRAKE
FEEFEIZ B 5 HELKFERMEE TH 50, EinKE
REFT B BEENII S0 Tld% . F 72, Flavobacterium
MR TR, 7 a—=2 273 Tid, RIOAI
BT, DGGEETIZ Rl ~ R4 ITBWTHIZE I N
Flavobacterium JEME L, 7 b EEMEOERCIE, KK
I 5D AL LN EREINTWED, Fiz,
Flavobacterium J& 1, Thermoanaerobacerium J& =2 Clostridium
B LFZRRY, BERKMEOMETH . Yokoi 52
W, R SR Clostridium butyricum B D EFRF &
C. butyricum 35 X OB PEHR IEM B Enterobacter aerogenes
DRERETKENRRZEEKL:EZS, BERICLS
KEWNEDOTWEP ol EMELT0D. ZOMMEEL
CE. aerogenes D ICHEN DB FE R HE L 1272072 £ B%
L7z, Hung 529 4 7). 2 —ZDOHRKERFEITIE N T

Thermoanaero-
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C. acetobutylicum (X81021)

C. diolis (AJ458417)
C. chromoreductans (AY228334)
R5-4

C. butyricum (X77834)
C. paraputrificum (X75907)
C. fallax (AY208919)

C. chauvoei (U51843) Cluster T
A. polyendosporus (Y18189)
R5-9

C. pasteurianum (M23930)
o5 |R56

77 R5-7

38| o0 C.sp. FA3/2 (AY188848)

C.sp. L1/6 (AY188846)
95 | C. acetobutylicum (X78070)
C. roseum (Y18172)

{C cellulosi (LO91TT)
7 R5-5

C. sporosphaeroides (X66002)

“m C. leptum (M59095)
e C. bacterium (AB0S4627)
35 C. sp. strain Z6 (AY949859)
84 R5-8

R5-2

Cluster IV

R5-3

T. thermosaccharolyticum (AF247003)
Ri-1

T bryantii (AY140670)

C. thermoamylolyticum (X76743)

T. saccharolyticum (L09169)
Cluster VII
R5-1

T. aotearoense (X93359)

T. lactoethylicum (LO9170)

C. cellulolyticum (X71847)
@mm-euum (LO9173)
o4 C. thermolacticum (X72870)

I —1
0.05

Cluster IIT

Flavobacterium. sp. YO15 (DQ778311)

Fig. 4. Phylogenic tree of OTUs and their close relatives in
Clostridia. Clusters 1, II1, IV, and VII are DNA clusters of
Clostridium (Collins et al., 1994). Flavobacterium sp. YO15 was
selected as an outgroup species. The scale bar represents
0.05 substitutions per nucleotide position. Numbers at the
nodes are bootstrap values (%).

AP BRRIEMEE D Klebsiella JEMM B 1S, REEEN CRREZ
HE LU KERFICHES L TWDE EBRTNWD, KIFET
b R1 ~ R4 [TH W THIZ S Nzl B UM Flavo-
bacterium JBAE 1L, BERMIKEAEBRME DOKEERICH
L TWienlgetEnd 5. RHITEBWTIZ, Flavobacterium
EBAEOEHEIIENTIERWVA, Z7o—=2>7iEICEn
ThEHR 7 O—CPEREI NG o2 ENL ZOFED
ML 2T SIZNE o EBEZLND. T, RED
KFEAERBEIME T L7 BRIR & L T Thermoanaerobacterium
B & A7 L T W7z Clostridium J&fl B D K E PRI/ &
L, INLOMEEDMICEBDORENAE L2 EHE
Abb.

KWFFE S, MRS RL D Z LI VEUKERE
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FMTH-> TOHHMEINDMER ORGP RZR D &N
RS NT IKEFEFHRE A B R DO R & R BAR DS
DB, RRILKFRIENE 2T D 72D TR & I
TOMERFOHSE & DRARZM L NTT DI N, S1&
DWFFERETDH 5.

= #

i /K R FEREAT B R O Mt 2 PCR-DGGE L, V) 7V %
A LAPCREB L7 a—= > 72 AWTHRIT L7, f#
MrcER LY > 7R, b ODRZLMEMEEYT >
PRHEEE L CRaRG M ERAKERFE (55°C, HRT
24h) WX OBIELA DD THD. EBROME, 3T
D JIENEIZ 3\ TR 2K FAERME & L CTHIS T
W% Thermoanaerobacterium &M (2T 7 MEE HMEE 5 L
TWB I ENGrotz. £, KERBOEMENEL -
TWeZNZEND RIS DM E S I IZERZP RN
72, AW S HEFEDR 1L SR K B R 2 E BN
TA=BRDIDTHDZENPHLMITHR ST,

RUFZED — TSN AT B R A B AR iR B S FHF 0 5e Al B
& (ZAHFES 7264) B L OREVFREMBIS - 9HFEPE (GE
5 18651030) DHiBIZZ T Tir-72bDTH D, T ZIiLL
THBEERERT 2.
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