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ABSTRACT: The degree of the genetic variations among Clostridium thermocellum ATCC 27405
and the wild type strains was investigated by the mehtod of GC ratio, DNA-DNA hybridization
and RFLP (Restriction Fragment Length Polymorphism) patterns by ribosomal RNA and M13
probe. GC ratio and DNA homology values of th three isolates were approximately equal to
those of ATCC type strain. The RFLP patterns by the rRNA and M13 probe showed some

differences among C.

thermocellum ATCC 27405, wild type

strains and Clostridium

thermohydrosulfuricum ATCC 33223, indicating that the two probes can be useful in subspecies-

and species-identification.
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E3] high copy= EA3PHA A7|A L9
frA8h= o2 ezl rRNA operon %
1414 2] ‘ﬁﬂ"éii RFLP pattern¥] 22
ZAe 24 probeEA rRNAVF % 4575719
MAE 2 4 gl=A2 7heAds AESCh
=3} cucaryotg""“P olje} procaryoteol| M= 7] A
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Clostridium thermohydrosulfuricuam ACTT 33223, b.
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coli HB101Z AF8-3kelch AGu) A 21 1y} v}
2H7FRl 2 cellobiose 8F42¢12] CM3ul =] {Weimer®}
Zcikus. 1977)5 AF8-8Fod 60T 4] == vfeksledc)
Chromosomal DNAS| 22| & Hx|
C. thermocellum®] DNAF-2]+= Ng
SDS-Pronasc v el ulelc}. cellobiose &%
2] 100 miell log phasc$-717b#] 715
Aldp) ) clo-

5(1977) ¢
12] uj
A
lvsis buffer (0.05M Tris. 0.02M
EDTA. 0.3% SDS. pH 8.0) 10 m/ell slEFA]7]a1,
pronase S 1.5 mg/m/= A 3 7psked 60Cof 4] 9087k
el A EES 9kHeEl Sl A)Zh o) lysateol
RNAaser 2355w 10 yg/m! =5 #7isla 37
CollA] 1547k wk3-4171 Fel| phenol-chloroform

T

ub (Walker, 1984) 0.5 A8k o} 26 H-5)]
offeb&-i2 A HAIZ|IL spool outdte] 48k ol
AxA7 TE buffer (10 mM Tris. 1 mM EDTA.

pH 80) 2 al Fof gakalel Abasigich
GC ratio @ DNA-DNA hybridization

b ariie] DNAS IXSSC (0.1I5SM N
M trisodium citrate. pH 7.0) g0 32
AHESE A7)

it

aCl. 0.0153
fApRtel 24
L DNAFEE 50 ug/mi¥Es

A o jacketo]  H#E UV/Vis-
s‘pulmplmtomucr (Shimadzu  UV-265) 9l 4]
thermal melting curve® 114 Tmwl & 3hoh5-.

water

Marmers} Doty (1962)¢] e.x A atsielct.
DNAYE GRS EFdie] DNAZ [P

JdCTP (10 gpm /ug) = dhdmgé‘}oi sonication.

denaturationA] %1% probe o.& ARE-8}el 3L hybridi-
zationS- =gk wklon  Fw|xl 7 A5

DNAS}L 60Col| 4] 204]7F F-oF HE-g-A ﬁ%:i‘ﬂ, probe
2} competitor DNAQ] 557} 1:15000] Abe] |13

shedrh Reassociatedsl DNAS] Fls= 0.14M
phosphalc buffer {equimolar NaH-PO.. Na-HPO.,.

04% SDSYE  F&3pA| 7
hybridization mixtures o] double-stranded
DNAE F2hal7lan alielst o8 Al 028 M
phosphate  buffers ‘»201 reassociated  DNA-E
clution®he]  scintillation  cocktail®t 4 3ol
radioactivity & FA&alcl (Murray . 1981)
rRNAS| 22| & *?P-end labeled probeH|Z=

Ribosomal RNA®S| H-2l<= C thermocellum 355
R FE A DNA Zele zte whyow A
Agkelidl. RNAasee|  olgh &40

27| 8} shof
DEPC (dicthyl-pyrocarbonate) & }J.»E' S-71el 0.1

hydroxyapatiteol
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Y%xl Al At AHg-gkadch kel
= A ;MARE 1.5% agarose geloll ARAIA FA
ubg- ab-8-3k clectroelution®] (Maniatis 5. 1982)
o2 1659} 23S rRNAZ 7zbzF R-e] zAsieich
zbzrol 16S<} 23S IRNA‘ Hagke] 23 EFaeel
=elthS Maniatiss (1982) 2] whiel] wz} CIP
(calf intestinal alkaline phosphatase) & ##]s}o]
S-phosphate?] 2 # A3t ¥ [y-“P] ATP (3000
Ci/mmol) & T, kinascs in virro S-end labelling
}J Sephadex G-50 minicolumn-g E7A]# free
[y-"P] ATPE A A3 ohr prohun ~hg-ahed ol
Southern BlottingZ} Hybridization

7t F35e DNA Sug 42 BamHI. EcoRI,
HindII 20 unit®. & #EF el 0.8% agarose gel Aol
217}1*]7 t}8 Southern (1975)2] ¥R blot-
ting &k9ith Hybridization?- blotting® filter7} &
ool hcat scalable Bl hybridization -4
(50% formamide. 3XSSC. carrier yeast tRNA 100
ug/mD S 0.1 mljem® S|3E2 a1 42Tl 4] 20417F
Eob ukAIFTh 4XSSC "w.-f 68Tl A 30FA
23], 2XSSCEol o Abol s 1084 33| A #s}a
intensifying screeng  4lol filmell auto-
radiograph&teith
M13 probeZ ARRE Southern hybridization

M13 replicative form DNA$] ¥-2]3= Maniatiss
(1982)¢] alkaline lysisubel whgtch ®eldl RF
DNAE Clale®Z #Aghéte] tandem repeat-917}
Solgli 28 kb wHS gene clean kitE A3}
A shedom. nick translation kitg AHE-38te [o-

13k th& autoclavedte] -

ol_@_.‘,

X ray

“P] JCTPE labelingdt ¥ Sephadex G-50
minicolumn& E3}441# 443 5ol probe 22 AFE-
&loich Hybridlz(mon% ol (Huey®} Hall, 1989)-&

20% formamide,0.1% SDS. 5 X SSPE. 5 Denhardt
gol 0.5% powdered milkE A}-8-5F5] 2.0, 42T A
242)7F %<} prehybridizationdF thg, 32 2ol 4]
24A)745-q) hybridizationdlgirh ol probe Fh<
SO ug/mi - (10°cpm/pg) el em.  2XSSC. 0.1%
SDS&el o 2 42Col 4] 147} ok 13], Ah&dl4 10
571 23] A H3sted autoradiographdthsich

Ant o o

GC ratio 2 DNAASHA

Table 1. Mo/% of G+C ratio and DNA homology of the strains

ATCC 27405 JHO! JH20 JH30 Corse E. coli
G+ C content 38% 37% 38.3% S1%
DNA Homology " 100% 97.2% 97.5% 90.5% 32.1% 0%

*C. thermohvdrosulfuricum ATCC 33223

"All hybridization reactions were carried out at 60C for 20 hr.
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Fig. 1. 7.5% agarose gel electrophoresis of 16S and
23S rRNA.
lane 1: E. coli HB101, lane 2: C. thermocellum
ATCC 27405.

85 OSCEH ok 37- 383
%2} GC rath%k% LJrEM e, o)u2 ZEd el
gk gtk Aol skt iAo AA DNAE
probe o2 Ag3fo 3% DNA-DNA  hybridi-
zation Zie Be|lgFE % REdE9) 90%o)
Ao E& AEAE e, olFdA &3] JHOL
JO20-2 97%°]78] 2HgAdo] alsdond, JH30-& 90.5
%dct.  wladFE AMZ C o thermohydrosul-
furicumI= 32.1%9] e AFAS Helow E
coli®h= AHgAdol A3 ¢igich wleba], FolA] &
2" ok C thermocellum 3dFE 3574 thi
Zlol= glot, AA DNA QA7ujdel] glejrs 3%
FTF & A5AS T3 o) A E )
C. thermocellumz} C. thermohydrosulfuricum®]
rRNAM| 2|8t RFLP patterni24] 3! H|m

C. thermocellum 32 FE] 22]3 rRNAY
A7)d5 AHAlE Fig. loll, 24 #3552 4 DNAS}
hybridization¥t Z3= Fig. 20 Jehfigli. o) &
EA1313) band pattern-& Fig. 3ol L}E}‘H%E}.

Fig. 2614 ¥+ AR EFEFFE BamHIo =
Zeh-g- 74 9ol = oF 8709 whHo] 16Sﬂ- 23S rRNA °ﬂ
Al hybndlzatlon'al—“—’ EcoRIo 2 #ets A
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Fig. 2(A). Autoradiographs of Southern hybridization of
C. thermocellum ATCC 27405 DNA (panel
7). C. thermohydrosulfuricum ATCC 33223
DNA (panel 2), JHOT1 DNA(panel 3}, JH20
DNA (panel 4) and JH30 DNA (panel 5)
with [¥P]l-labeled 716S rRNA of strain ATCC
27405. Llane BEH represent digests with
BamH/. EcoRl Hindlll, respectively.
Locations of the HindIll fragments of A-
DNA are given together with the molecular
weights in kilobase pairs. (kb).

Fig. 2(B). Autoradiographs of Southern hybridization of
C. thermocellum ATCC 27405 DNA (panel
1), C. thermohydrosulfuricum ATCC 33223
DNA (panel 2), JHOT DNA (panel 3), JH20
DNA (panel 4) and JH30 DNA (panel 5)
with [FP]l-labeled 23S rRNA of strain ATCC
27405. Lane BEH represent digests with
BamHI, EcoRl, Hindlll, respectively.

Fell= oF 1270¢] wk#e]  hybridizationd}eith
HindIlI®] 7$-¢l& 6708 bandSe] Jeht} 9k
B2 2] bandEe] 16S9} 23S rRNAe] EA4o|

hybridization= =, o172 1652} 23S rRNAF-
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Fig. 3. Comparative schematic drawings of the hybridizauon pattern from Fig. 2. ordered for the different
restriction endonucleases. lLane 1,2,.34.5 represent DNAs of C. thermocellum ATCC 27405, C.
thermohydrosulfuricum ATCC 33223, JHOT1, JHZ0 and JH30 respectively.

Table 2. Size of DNA fragmpms hyb//d/zm’ by 235 rRNA probe

Endonuclease Strain Fm"mun length (kbp)
ATCC 27405 2340 21.0. 186. 94, 56, 43 33,23
JHOI 234 2100 186, 94, 83, 7.5, 5.6, 43, 3.6, 31, 300 23010
BamHI JH20 234, 21.0. 186, 94, 5.6. 3.3. 23
JH30 234, 21.0. 18.6. 94. 5.6. 5.0
C s 252, 197, 185, 9.3 60, 4.3
ATCC 27405 188, 150, 12.0. 86. 7.5, 6.7. 5.3, 43. 40, 3.1, 23, 2
JHO! 18.8. 15.0. 12.0, 94, 7.5. 6.7. 5.5. 53. 43, 38 3.1.30. 23, 20. 1.7. 14
1.3
EcoRI JH20 24.6. 220, 188, 150. 7.5, 5.5, 3.1, 23. 20
JH30 18.8. 150, 94, 86. 7.5. 55, 44, 3.8 31, 23, 2.0
C s 230, 135, 103, 73, 65, 5.7, 48
ATCC 27405 8.0, 6.7. 5.2, 45, 3.6, 3.0, 1]
JHOI 234 188, 15.0. 140, 7.5 6.2. 5.2 45, 38, 36, 3.0 2.1 150 1
Hindlll JH20 520450 3.6, 310 11
JH30 52,45 36, 3.1 L1
C s 91.77. 69, 58, 53 38 3.1
*C. thermohydrosulfuricum ATCC 33223
A7} o 7pgAl dxiEe] glom. interspaceel copyF #agk 127) & selal band T ¥hAles
Aqekg s Ak 971 918g vhelich (Jarsh & I1oolie] H i g ow FEHdch
1983). b, C thermohydrosulfuricum2] band<d g C

wal B-xjpeko] 1689} 23S rRNAFA#E 33l 7l thermocellum EFF 7R b= shestA veldoh 16
He}l & bandEo| ol 7] wfofl vielt H-4lkek Se} 23S rRNA®|] £Alo} hybridization¥l band°]
bandFAHe 7zt rRNA operon7t®] flanking-$1el g 5-2el 7 C thermocellum3t vlE7EA 2 16S9}
*‘]«] At s qlAlE L) th2 ] wftel] velk 7 23S rRNA A =7F d#dstar glom, intu‘spaccOH

o 2 A7k 1659} 23S rRNAR-H ARz} el 4] = o] Aoky-erl ¢lee mol Fx 9lon (Jarsh %
314% 71AS 7122 3lo] EcoRIFs|okAlS A 1983). HindllIEalekdes  sids) Buo, C
SHE C thermocellum 3752 rRNAG-A%F  thermohydrosulfuricum®] tRNA  f472ke]  copy
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Table 3. Similarities of RFLP patterns between pairs of strains

Source of DNAs

Endonuclease ATCC 27405 JHO1 JH20 JTH30 C 7
BamHI [ 6 T 5 4 5

X 0.42 083 043 0.11
EcoRlI f 12 17 7 10 6

X 0.53 0.46 047 0
HindIIl r 6 13 5 5 7

X 0.33 0.71 071 0.08

X 043 067 054 0.06

“Only DNA fragments between 20 kb and 0.6 kb were considered.

b C. thermohydrosulfuricum ATCC 33223
f=number of resolvable fragments

x=probability that fragments in the strain ATCC 27405 are also present in the chosen strain

x=mean probabilitiy on three endonuclease

gk 7 olde] B Ao FZ2gd)

=3, vehd band patterno] C thermocellum %
Fuael wlarste] <bds] th=w, Signal AEE
golgt A= ¥l M. intercellulare$t M. phlei®)
73-9-(Bercoviers. 1986) 1% rRNA f-432] copy

¢ 1 flanking #¢]9] 714 QL o] F 7oAl 9t
3] Aoldlvle g HAEt vk Egh Table
32] probabilityFte]l C. thermocellumv+T-5°l B]3}]
A e 715 Ed, rRNA7} probezZH F 71
HAElel] 22 5 3lS-& viehl T Slvk

C. thermoceilum OPHZTES2| rRNAO| 2|8t RFLP
patternt|n!

JHOI#5-2) RFLP+= B8 of4s HoiFa gl
=, 5759} vt Euo] BamHIZ} EcoRl
21ef 2 sfe] whHER HindlIF$2] 52kb ¢
o] chHEo] HFEdFo o E ZleZ Pl JHOL
o= flankingf-919] AgEL QA RL7} X=FF
9} t}& rRNA operonge] ofg EAFAL = 7
o 2 uwlojzlt} Table 3o B AF} o] iFFT2}
JHOI 2} rRNA-#Az} H-9]9] AFEAL 371x] A&
Eao] diste} FelaFaolA 71 W& probabi-
lityZt-& et sl o] 72 oke] A DNAASA
Ag Ailele A dRjEA] gkl

JH203} JH302] RFLP pattern-& Fig. 29} 7o)
AME vl S Boledl HindllR4e A2
Sd3larh o] band patterne TFEFF2 JHOI
Ho}bE band<F9} signalZtzoll 9lo] 4] ggh oFAkS
2=, o)A JH203} JH30FFA A& Agai
A4 F-917F FLg operone] vk ExERE gl
Aapsta Qleh. JH20  Table  3of41}
BamHIe|| ot 1A 5-2)7} 2EF79 A3 FAF
g Zle® veptoen, probability3t® ot E ¥ &
FHEO F2 o2 B Reld 37FFFl4 rRNA
operon®] AFHE A QAR5 FFEFF} M &
AERE AR Aoz AzEg.

JH30@F2] 7% RFLPSARS JH204F9} vl

djo
S o

1

my

mMw(kb)

—23.1

—0.4
— 6.8

—4.4

- —2.3
- —2.0

—0.56

Fig. 4. Autoradiograph of Southern hybridization of Pst/
aigested C. thermocellum ATCC 27405 DNA
flane a) JH20 DNA f(lane b), JH30 DNA (lane
¢), C. thermohydrosulfuricum ATCC 33223 DNA
(lane d) and E. coli HB101 DNA (lane € with
M13 probe.

Locations of the HindIIl fragments of A-DNA
are given together with molecular weights in
kilobase pairs (kb).

slz9k JH202] EcoRIF-$¢] 188 kb ©]4+¢] DNA
GHEL EAek] 1, 8.6kbulHe] Ealsa gl
on, EEFFE JH20UFS- 02 AREAlo] Egic)
A=, 22 FF52 A DNAAL] A5 Ao
EFETF AZ 48Rk IRNA operong] A&
A QAR e} e EXIF f-AAEL] Fr)A] e
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ML ofAe A opy Wol@atelddrt.  $Ee] Sat EERTe) ¥ ofFE ol of
d

J.E]j_, ole] AZE-S rRNA probeo] §-2 uj 5-87)  bandEo] }0 7} %#«Ur olFal C

| g o2 S35 57 A Eelof o8 r/wimolzvyfdrosu_lfz,zrfcum0]‘4 o)L=al E. coliohs 3ke-

"F Ueg HofFa gk band7} ¢} 9l& o bP‘*]r”q o] 3he- A=
M13 Probedl| 2|8t PFLP pattern H|m MI13 probe7}  C  thermocellum® 749 5%

MI13 probes ARESle] el 7 gEme subspecies 7% 7 gl L 2avF 2 4 9l

RFLPoF4HS Fig. 49} 7o) o E3 o) L}% TWEETRe] gelem el

C. thermocellum?®] 7% F-x}=

ek 2he 91—3—-% A =
bando] 10-207F x4 by} o] % bands =

H e
Hel® Cothermocellum b d553F ATCC ST Abe]o] iviMde] o]l HE g GC ratio. DNA AFEAL
ribosomal RNA2F M13 probeel] 2 EH vhepst RFLP pattern %F’J.C’.i FAbske] Wokth GC ratio®) DNAANE 4 521>

o A

W] wEe] ATCC EFwet A f2ak Aol 9lo] 4 712] ‘f°‘6h:P A HolFEglo) o5 pxohwﬂ IEF RFLP
paterne ol T ol WAL ChE S ol s} ol5e sl Falt o o probe 52 ("
thermocellum 2} 74§- subspecies 750l £& 237} 9 5 gleg 101?—91
8. Ng, T.K., A. Bon-Bassat and J.G. Zeikus, 1981.
Al A} g : \ :
Ethanol production by thermophillic bacteria:
s _ - - Fermentation of cellulosic substrates by coculture
[STOLS AT mtier) Bl 1 R S S CE [ A S | o J o
&l 19906 ghashabAst sl 2 of  Clostridium  thermocellum  and  clostridium
lel ol Fa= iy

thermohydrosulfuricum. Appl. Environ. Microbiol.,
41. 1337-1343. :
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