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diff~cel~l i ~ l r r r s ~ j ~ t g  riirhrs %c'fie sej)aruled inlo three laxononiic 

groups nrcordirr~ ro r i r tv  G + C. nrtd cr!l ~ v d l  rony)os/iort. Grortp I 

ror~rprised !he oblrgurr ulku/op/rilir sflzricrs ,G+C cot~fett! 36.2 to 38.6 
P ~ I  5% , 1 )~ ] ) l i dO ,$~~~ t t  IJIYS : L - 0 ,  ,. , L-lys, & M-Dpnl . ,qlitrurotrir 

acid prcsrnr (IOs~rurtis) Grorrp 11 coniprised llte oh l i~are arid 

jaculrurrw halonlkolopliilic stroirrs , G + C coritcrtl 41.5 to 43.1 niol 

% p~plidogiycari typr : nl-Dpit, 7'cicltoir acids prescttt (nminly 

glycerol plrosphare) (8 srraitrs) , Grotcp . I / /  contprised o m  

holoalkcslophiclic ~iiernropttilic sr~zri~t , C; a C coorertr 49.5 n~o l  % 
pridoglycnrr Iype ni-Dl)nt , prcsetrre of glricrirortic ar id . DNA 
itomohgy wi~lr o~lier type s~rains HWT also I ) ) : e ~ e ~ ~ ~ ~ d  . 

Since the first isolation of alkalopl~ilic Bacillus by Vedder 
(1934) few reports were known concerning their taxonomy . in 1982 
Gordon and Hyde(l2) placed similar strains in the B. finnus - 
B.lentus group . In 1990 Fritze et al. , (1890) investigated the G+ C 
ratios and DNA / DNA reassociation of 78 alkalophilic Bacillus 
strains can be divided into separate G + C content clusters that 
have been ahown to correlate with certain physiological properties 
under neutral and alkaline conditions . 

We have isolated I9 alkalophilic and / or 
haloalkalophilic Bacillus strains ( Chanem ct a1 . , .I990 a , b 
& k: & 2993 ) from some interested niches such as salt 
marches , 5000 years old ancient pharohs and wall 
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paintings of some ancient tombs . 
.* 

Growth and physiological characteristics of these bacteria were 

previously studied (8,9,10,11). The present study is investigating the 

usefullness of G + C content, DNA homology levels and peptidoglycan 

type as valuable taxonomic markers for the taxonomy of extremophilic 

Bacillus strains . 

MATERIALS AND METHODS 

BACTERIAL STRAINS . Twenty four bacterial strains were used 

in this investigation . Ninctcen strain wen: isolated from diffkrent 

iocalirics in Egypt and previously kntativcly idcntil'icd (Ghmcm ct 31.. 

. I990 u. h S( c Sr 1993). Otl~ers wcrc purchascd from thc Amcrican 

Typc culturc collection (ATCC), Rockvill~.. Maryland . A list of all 

strains is prcscntcd in Tabic (1). 

;tfEVlA AND GROWTH CONDITIONS . Thc following media 

werc uscd : -1 , for thc growth of atrains Hl.H3, H4 & H5 

(gl l )  : glucose. 10.0: peptone. 5.0: yeast extract, 3.0: K2HPO4,l.O; 

MgSO4. 7H20.0.2; agar-agar, 13.0 and supplcmcntcd with 3 9  NaCl; 

pH svas adjusted LO 10.5 using 10% N d C O 3  . Medium 3 . for the 

vowth oT wadi El Xatroun and lake Qaroun isolates : Medium 1 C 

supplcmc.ntcd w i ~  15% NaCI. Medium 3, for thc growth of antiquities 

isoiatcs . Type svains werc grown on mcdium 1 at pH 7.5. 

CELL. WALL A V A L Y S I S  : Cell walk of strains undcr 

in~cslign[ion werc prepamd a s  described by Aono and Horikoshi 



(1983) . Ccll waII preparations werc suspended in 5% TCA, incubated 

owmight at 611 C , centrifuged at 70(W p for 30 min . Extraction was 

repcated twice or more . 
" 

Amino acids, uronic acids and phosphorus wcrc dctcnnined as 

previously described ( Aono and Worikoshi, 1983).Amino sugars wcrc 

assayed aftcr hydrolysis w i ~ h  3 N HCI by the Elson - hforgan rmc~ion 

(Ashwell, 1957). Glycerol was assayed in the 1 h.1 HCI hydrolysate 

according to widand (1 973). 

DNA BASE COhIPOSITION. Logarithmic p h m  cultures wcre 

hlirvesrzd by centrifugation and DNA was exuac~cd according to 

Marmur (!%I). The average C + C valucs werc dctcrmincd by thermal 

dcnatura~ion, De Lcy and Van Mtiylcm (1963) and wcrc c;ilcul;wl by 

using thc cqua~ion of Marmus and Doty (1962) as modit'icd by Dc Lcy 

(1 970). 

DNA-DNA HOMOI,OCY. For quantitative DNA homology, 

whole cell DNA was nick transla~cd with (mcrhyl-") dCTP(8O 
6 

ci/mmol; BRL) to specific activity of 1-2 X 10 cpm/ug ol'DNA. The 

DNA concentration was set so that thc fragment size was about 2000 

base pairs (hp) and the probe was then sonicated to 500 bp. for 

hybridization experiments, the S 1 nuclease method (crosa et' al., 1973) 

was followed with slight modification (Grimont et al., 1978 and 1980). 

The degree of polynucleotide sequence homology was calculated by 

determining the ratio  be average counts in the nuclease-treated and 

untreated samples. results were then normalized to the homologous 
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rcnction. after thc perccnragc of Si-rcsistnnl rnnwinl in  the control 

Thc ninereen extremophilic Bacillus strains which werc included 

in previous studies (Ghantim et al., .1090 a, b & c &r 1993) as well as 

five type strains were invessigatcd in this study .Cell wall structure of 

22 strains (Table, 2 )showed thai L-ornirhine was the characteristic 

peptidogiycan type (position 3) of mains H3, H4, LS67, & MOT72 

L-lysitx for strains H I ,  H5, & LQ4, and m-Dpm for the rest of strains 

.Tcichoic acids werc dctcctcd 2s glycerol phosphate in the cell walls of 

strains T3, N28, TI 8, M83. R20, LQ3, WN12, no othcr polyols wcrc 

dcrcctcd. uronic acids wero dcaccted in the CclP walls of the othcr 

strains. 

DNA BASE COMY8SITlON.of the 19 strains ranged from 36.2 to 

49.5 mol% G + C (Table, 3). Accordingly the 19 strains were divided 

into three DNA groups as follows: Group'l : 10 strains with G = C 

content of 36.2 to 38.6 rnolLTn, Groupe II : 8 strains with G + C content 

of 41.5 mol% and Group DI: one strain with a very high G + C content 

of 49.5 rnol%. interestingly the DNA group I was shown to comprise 

all the obligate alkalophilic strains which showed marked cellulolytic, 

chitinolytic and arnylolytic activities. DNA group II comprised the 

facultative haloalkalophilic thermophilic strains that showed marked 



'rul~lc 2: Comporition of the cell wulls or the extremophilic strains under investigation and those of type strains 
&% Chemical composition 

DNA Uronic 
groups strain Asp Glu Gly m-Dpm L-Om L-Lys Ah GlcN Mur ,id P Glyc Glc Gal 

I HI NU D  D  N D N D D  D  D D D D N D D  D  

I H3 N D D  D  N D D  h B D  D  D  D  D  N D D  D  

I ti4 N D D  D  N D D  W D D D D D N D D  D  

I H5 NL) L) D  N D W D  D D D D D N D D  D  

I LS67 ND D  D  N D D  N D D D D D ' D  N p D  D  

I MOT72 ND D  D  K D D  N D D  D D D D  N D D  D  

I LA83 D U D  D N D N D D D D D D N D D  ND 

I  TI^ 1) 1) D  D N D N D D D D D D N D D  ND 

I LW ND D  D  N D N D D  D D D D D  N D D  ND 

I N25 D D D  D N D N D D D D D D N D D  ND 

11 T3 ND D D  D  N D N D D  D D N D D  D D  ND 

I1 TI8 NI) D  D  D  ND ND D  D  D  ND D  D  D  ND 

I1 N28 D D D  D m N D D D D N D D D D  D  

I1 hl83 D D  D  D N D N D D D D N D D D D  ND 

I1 H?O D D D  D  N D N D D  D D N D D D D  ND 

I1 1.Q3 N D D D  D N D N D D D D N D D D D  ND 

II WNI2 ND D  D  D N D h D D D D N D D D D  ND 

I1 WN3 I O f - )  D  D P I D h D D D D N D D D D  D  

111 Ti5 ND D  D  D N D N D D D D D D N D D  D  

Typ. wain Bri l lus  rub~~l i s  ND D D  ND ND D  D  D  D  D  D  D  ND 

Type strain H. alcdoptulus ND D  D  D  hU KD D  D  D  D  D  D D  ND 

Tqpe strain R alcoloph~lus subp  

hdtdurilnb I ) [ )  D  D N D K D D D D D D N D D  D  

ND = NOT DETECTED 
I) = DFrECTED 
AHIjHEVIATIONS: Asp, mparaglnr; Glu. glutarnic XI& Gly. glyc~ne; rn-Dprn. mesodiminopimilic acid; L-om. ornibin; 
1.-Lys, lyslne; A h ,  almnc;  GlcN, glucwunine; blur. murarmc acid; P. phrrsphcm~s; G l p ,  glycerol; Glc, glucose: Gal, golactose 

i 
f 



amyloytic, lipolytic and proteolytic activities, and group III comprised 

the facutative haloalkalophilic thennoduric strain that showed marked 

amylolytic activities. 

DNA homology results represented in Table (4) showed high 

correlation of some strains of group I to B. alkalophilus ATCC 27647. 

Bacillus strains LA83, MOT72, H4. and T12 showed high correIation 

percentage c 70%. strains N25 and H3 > 60% and strains HI, H5, 

LS67, AND LQ4 < 43%. other type strains were considered unrelated 

to any of the strains of group I where all correlations were < 

40%.strains T18, N28, R20, WN12, WN31 AND group IIshowed 

higher correlations to B. alcalophilus subsp halodurans ATCC 27557 

as 81, 73, 72, 69, 67 and 52% respectively. Two strains of the same 

group ( MS3, LQ3 ) showed low homology (<49%) to 0. alkalopltilus 

subsp halodurans. strain T6 the unique strain that possessed higher G+ 
Table 3. G + C content of the extremophlllc Buclflus strains under Investtgatlon. 

( G + C of type, strnlns were nlso determined during this Investl~ntlon 

mol% G +C 
Group I Group 11 Group 111 Tvpe strains 

From 
s a i n  Tm SD stmn Tm SD stmin Tm SD s n i n  Tm SD Ii~crarure ... 

I m 
HI 37.7 0.4 TI 42.6 0.6 75 49.5 0.5 ATCC 27647 37.5 0.7 37.0 o 

H3 36.4 0.3 TI8 42.5 0.5 ATCC 10840 36.7 0.3 36.3 o 

HJ ?6.2 0.3 N23 34.1 0.3 ATCC 27557 J2. I 0.4 42.5 b 

H5 39.h 0.2 hM3 24.9 0.3 ATCC 6051 42.6 0.5 42.9 s 

I S 7  3 . 5  0.2 R?O 41.5 0.3 ATCC I4575 41.2 0.5 41.4s 

MOT72 33.1 0.3 U)3 41 5 0.4 

LA82 M.9 0.4 WN12 42.5 0.3 

TI2 7 . 5  0.2 WN31 41.9 0.3 

LQ.J n.s 0.2 

NZS 37.8 0.2 

a = Fahmy ct al., (1985) 
b = Frirzc et al.. (1990) 



Group 1 Group I I  Group I 1 1  
- strain H1 H3 W4 ti5 LS67 MOT7 LA83 T I 1  L W  N 3  73 TI8 N1R MR.? R?O 1.93 \k1N12 WNfl T6 

ATCC 27647 

ATCC 10840 

ATCC 27557 

ATCC 605 1 

ATCC 14575 

HI 

H3 

H4 

H5 

LS67 

MOT72 

LA83 

TI2 

L W  
N25 

n 
T18 

N28 

M83 

R20 

LQ3 
WN12 

WN31 

T6 

Results sre the averages of five cxperinient~ with three indcpcndeni prepanlions Tlre m e n g e  h)bridirarlon beiucen prohe end unlnhellud D N A  from 
the same strain was in thc range of 70 + 4% to 76 + 2%. Rcsulls were normlixcd lo IOU%. 
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C content (49.5 mol%) showed no correlation to any type strain as well 

as to any other strain of groups I & ILcorrelation among members of 

each group showed either higher correlations (< 70 to go%), moderate 

correlation (> 50 to 69%) or low correlation ( 4 0 % ) .  correlation 

between group is too low except those of strain LS67 (group I) which 

showed moderate homoiogy (54 and 51%) to g o u p  I1 strains M83 and 

R20 respectively . 

DISCUSSION 

Taxonomy of alkalophilic Bacillus strains still needs further 

investgation. Since the isolation o l  B.dcalophilus (Vzdder 1934) no 

profound approach was achicvcd until thc studies of Gordon and hydc 

(1982) and more rccentiy Fritx ct al., (1990). Gordon and Nydc placed 

the alkalophilic Bacillus strains fairly loosely in thc B. I'irmus - B. 

lcntus complcx . Howcvcr. Fritzc ct al.. (1990) concluded that the 

complex of akdophilic Bacillus strains could be divided into scpante G 

+ C contcnt clusters. Nineteen Bncillus strains previously isolated and 

chrtractcrized(Ghancm et a1.. .I990 a. b & c & 1993) were divided 

according to their krowth physiology inio three groups. Group I 

included rhc obligate alkalophilic strains. They showed optlmal growth 

3~ pH 10.5 with lower pH of 9.5 - 9.8 and higher limits of 11 - 11.5. 

Group I1 included the facultative haloalkalophilic strains that showed 

minimal growth at pH 7.5. optimal growth at pH 10.0 and minimal 

srowth at !2 .0  and resist NaCl concentration of 15%. Group I11 

comprised one strain which grew in a pH 9.0. resisted high 
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temperalum (70 C) and high NaCl conccnuation 12.5%. Based on 

DNA base composition those isolated were sepmtcd into three G + C 

cluster I was characierized by extreme alkalophiIicity an G + C conrcnt 

of 36.2 mol%. Ccll wall structure showed some specific variations in 

the diaminoacid type (posiiion 3) which resulted in further dividing to 3 

subgroups one containing E-Om., the 2nd containing L-Lys. and the 

3rd containing m-Dpm. on the other hand other peptidoglycan 

constituents showed structural stability, except for the presence of Asp. 

Interestingly DNA homology among this group appeared to be invdid 

critcria for taxonomy where only two strains that showed >SO'% 

homology whilc others wcre less homologous. Some swains showed 

high homology to the type strain B. alcalophilus ATCC 27647 which 

suggested thcir idcnlification as B. alcalophilus new strains. 

Group II includcd the facultative haloalkalophilic strains that 

showed G + C content bctwccn 41.5 to 43.1 mol%. 

Cell wall composition showed structural homology among 

members of group 11 where thy share a common structure, tiechoic 

acids (glycerol phosphate). On the basis of DNA homology some 

strains were closely related to B. alcalophilus subsp halodurans ATCC 

27557 while others were far related. Again DNA homology among 

members of group II could not be used as a taxonomic criterion. 

Group III comprised a unique strain which had high DNA content 

(49.5 mol%), cell wall structure similar to group I with m-Dpm as the 

diaminoacid. This strain was DNA-heterologous to all tested strains. 
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results revealed that B. aIcalophilus comprised many species 

according to DNA reassociation data (table, 4) this was c o n f i e d  if we 

-4 considered the proposal of de ley (1978) that members of one species 
+? 

should not differ by more than about +1 mol% in G + C ratio. The 

same conclusion was true concerning B. alcaiophilus subsp halodurans 

which we propose a new species (B.haloalcalophi1us) and members of 

group 11. Bacillus strain T6 (group 111) had high DNA content (49.5 

rnol%), heterologous to all type strains as well as other investigated 

strains. Therefore we recommend it to be a new species among the 

exuemophilic bacilli and may propose a ncw name B. PIlaronics as it 

was isolated Cram Tut Ankh Amcn tomb (onc of Ihc Egyptian Ph~oi i s ) .  

Dividing cxtrcmophilic Bacillus strains according to ccrtain 

physiological propcrtics such as alkalophilicity, haloalkalophilicity 

(mesophilic) and thcrmostability in addition to ccrtain cell wall 

components such as tcichoic acids and tcichuronic acids and G + C 

content clusters might be a valuable and ncccssary tool in the ncar 

future. 

However, this needs collaborative efforts of the interested 

bacteriologists. 
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