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Identification and Characteristics of Extreme Halophilic
Bacteria Isolated from a Saltern in Korea

Moo Bae and Jeong Im Lee
Ewha Womans University, Seoul 120-7560, Korea

ABSTRACT: Extremely halophilic bacteria isolated from salterns at Mado, Kyunggido, Korea,
were identified and investigated on their salt requirements. The results have shown that six
strains were identified to be belonged to the genus Halobacterium and three strains identified
as the genus Halococcus. Among them, the optimal NaCl concentration for growth of
Halobacterium sp. EH10 was at 42 M and no growth occurs below 2.0 M NaCl. The strain,
EH10, is nonmotile and showed acid production from glucose, fructose and maltose while H.
salinarum is motile and does not produce acid from any carbohydrates. On the other hand,
the strain EH10 does not utilize readily glucose while a number of sugars are readily utilized
for growth with acid production by H. saccharovorum. Thus, the isolate, EH10, was classified
into the genus Halobacterium and could be a novel species of the genus by its main morpho-
logical and physidlogical features including G+ C content. The optimal temperature for growth
of the isolate, EH10, was 50C. But this strain did not grow when NaCl was replaced with
KCL
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qeld, maH 4o o] ofujg
YA AT ob A o8] Ha

TEAA FAo] A=A EHAFE £ NaCl <332 30 of

x| 2 AHE=e Jrh(Gibbons, 1969). otk wehd 2 Agdie 1% 54 AR o
°l5 £94¢ (Halophiles)& t]-§ Al&ao] 3-15%  Hog %E] Hasle E-sln T g9 ww

Ferel SAde FE sAMEH 15% o149 B4 FF9 ded B N4 24 34}

HE 28R e ux agAdTeR TEE S gl
(Brown, 1964).

% ZPA Ao & odelAl Halobacterium
&2 10% NaCl 5% o]t A= B (lysis) H ol
AT ¢ glem A 2L 918 20-30% NaCle
L7 Larsen, 1972).

wel AA49} ribosome e A E 7%H F
24 4 HHEE £ F FEo & Hgxo] gl
Lo, Ao #a-gk(Lanyi, 1972).

Ik FPA AE-E Akl Aldake ofE B4
2t glont o5 ZPA AT AEY AP A}
Axelel o Frel o oxAr ofsks whzx]
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shaiel.
e N kY

ax SYY MiF3e &

78715 vhee] dAel A A Bk 1g ¥ 12%
NaCl& =& 2ol #Hebste] 15%9) 25%
NaCle] %3 %l Sehgal & Gibbons ®]%] (SGM)
(Sehgal, 1960) el AE&5}3 30T 2} 45Tl 4] oF 237}
woFete] AR FEUE w45 g

=EIRFe] vl etn MESAS 2X

20 m/ SGM=<- ¥ 3t 100 m! Erlenmyer flaskol
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Table 1. /solation of halophilic bacteria at different
condaitions.

[solation temp. NaCl conc. (%)

(©) 15 25
30 5 strains none
45 none 9 strains

Media, Sehgal and Gibbons media (SGM). Sample
source; Saltern at Mado, Kyunggido.

T& HEFL  45CelA e wiesledci(150
strokes/min).
Aol ZAle turbidimeter (Hf instruments

Model DRT 100D, Fort Myers, Florida, US.A) &
ol&ate]  FAsldck  olu =X unite
Nephelometric turbidity unit (NTU.)e]v] 2 ¥ ¢j+=
0ol 4] 140022 o) % 5 Al ml & 09K
14 mg AxFe gl

MiZE Hefe|

Aol Hef= gAY 21249 (Bae, 1986) % o} &
B ARe ek FAF FAb "w] 4 (JEOL, JSM-35
CF)& AHg-3te] 737sksdch

2| #Fe 3

=2} 7Fa=2] okt A2l & Al Cappucino2t
Sherman (1983)2] A& 4], Bergy's manual of
systematic bacteriology (Helge, 1984)2} Bergy's
manual of determinative bacteriology (Buchanan
and Gibbons, 1974) #xsled 54 3}oiv).

DNAY G.C &2 UV/Vis spectrometer (Gilford
2600) & o]g-3to] Marmur ef al (1962)2] ol
Js] AAstedet. GC content (mol% GC) = (Tm-69.
3)/041(Tm: midpoint of melting temperature).

Ao W oy

i €M AMTel el MY

A7\% vixe] e 2N A Bkl 14
TFY FEUE FEisiglor #e wFe 242
SGM iAol NaCle] s%2 0, 10, 20, 25 30%=%
WA 71w A 2absbeich 2 A3} 30T, 15% NaCl
FrelA g 5T X 94 Al eBA 10-
20% NaClell A w2 ZA15 vpeld] s o] 52 45T
e SAEHA oot

45T, 25% NaCl FxolA ¥elg 9755 20-30%
NaClefl A whE ZA18 Vel e 394 Al
224 30CoAAME F4skA EakedrH(Table 1).

Hele 1k $YHM Mol Me| EMn 5X

T 2% TG AF 97 5E AR

3 EHS, EH10, EH11, EH12, EH13, EH17, EH18,
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Fig. 1. Scanning electron micrograph of Halobac-
terium sp. EH10.

Fig. 2. Scanning electron micrograph of Halococcus
sp. EHT1.

EH19, EH232} ¥-3 & Hofsle] ygiz Aasg z
Abgh A3} RS gram SAolal, Fa: A sk o
o, $E4o] glgdr) wal o] FFES SGM nj
Alell 10% NaCle #H71gl-gv] w5 A{AHag &
o2 20-30% NaClg Hrzllgw 3 #ghoh g2
o] Mo whrto 4] F=E S Ulelyly catalases}
oxidaset= cfAdo|m] ureasetr SAJoigic) MR}
casein 7}ralls & Gl ot Tween®] ¥-8ll5-& 25
% NaCl& F313h Tween wiA]of| A thAs FA o}
ebsict.

o7+5-9) 239 AHd-F 15 EHS, EH10, EH
17. EH18, EH19, EH23& &7} 7ha) i B3 e
(Fig. 1)olvf F2rje] Mo] mhrk ¢ &l z)o] 1, NaCle)
QAR Wol Halobacterium 4595 o 4+ L
- EH83} EH10& =oz e & sy,
nitrate2 FE gasg AAE 7 v Y3 ge)EkH
434 (Table 2) & Yol Halobacterium 5ol %3}
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Table 2. Mormphological, cultural and phygiological characteristics of extremely halophilic bacteria EHS, EH10

EH8

*H. saccharo-
vorum

*Halobacterium

EH10 .
salinarium

Morphological
characteristics
Shape Rod
motility —
gram staining -
spore formaiton -
Cultural
characreristics
nutrient borth -
NaCl 10% -
NaCl 20% -
SGM
NaCl 0%
NaCl 10%
NaCl 20%
NaCl 25%
NaCl 30%
colony color

+++ 1+

vermillion

Physiological
characteristics
catalase
oxidase
iondol test
gelatin ligqueaction
starch hydrolysis
casein hydrolysis
nitrate reduction
urease
H.S production
acid procution
fructose
galactose
glucose
lactose
maltose
mannose
sucrose
xylose
G+C content

L+ 4+ +

[

+

!

L+

65.4

irregular rod rod
- + +

I
I
I

A+
+ 4
ot

geranium red-orange
red +

+

|+ + 4+
e
!

+
|
!

oL+
o
A+

+ o+
|

659 66-68 not known

*This data quoted from Bergey's manual of systematic bacteriology (Helge., 1984).

ool mrA) Fog FAE)

Bergey’s manual (Holt, 1977) ) ©3}% H. saccha-
rovorum® H. vallismortis DNAS] GC §eke o}z
vlz]Ql Ao oy glovt B o= F3 EHS
< 6542 sty FF EH10S 6592 vgoma
H. salinarium (GC 3teF 66-68 mol%) H. valcanni
(634 mol%) H. pharaonis (64 mol%)5 7|= =
= dA A g

H. wvallismortiss= pleomorphic k7o) Exo)a}
w5 EH10¢t MZRHe)7) f2bsht B4 #7417

o] EAolet Bitshe Aelsicl.

=EZ ¢35 EH11, EH12, EH132 &7} 73 (Fig.
2)olm whrk.oaale] F2uA NaCl & FA=l uj
FoA W Aeistd AR Rol Halococcus sp.
#a)stel+=dl Bergey's manual (Holt, 1977) )4 %
Halococeus< 3pte] £qb 1Aslkar glci(Table 3).

IF FHY M %5 S0l thak NaCl @79}
FI|He Hak

SGM wi=loll NaCl®] ¥%2 0% 30% 747
2t7] dejste Halobacterium EH10 322 v oFslo]
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Table 3. Morphological, cultural and phygiological characteristics of extremely halophilic bacteria EH11, EH12,

EHT3.

EH11

*Halococcus

EHI12
morrhuae

EH13

Morphological
characteristics
Shape cocci
motility —
gram staining -
spore formaiton -
Cultural
characteristics
nutrient borth
NaCl 10% —
NaCl 20%
SGM
NaCl 0%
NaCl 10%
NaCl 20%
NaCl 25%
NaCl 30%
colony color

b

+
light
vermillion
Physiological
characteristics
catalase
oxidase
iondol test
gelatin ligqueaction
starch hydrolysis
casein hydrolysis
nitrate reduction
urcase
H.S production -
acid procution
fructose
galactose
glucose
lactose
maltose
mannose
sucrose
xylose
G+ C content
(mol%)

L+ +++

+

St 4+ 1+

vermillion

cocci cocci cocci

o
+ i
+ o

-+

+
pinkish
vermillion

+ +
pinkish red-orange

I+ 4+ +
e

+
+
R T =

|
A

67.0 6

>
d
—

61-67

*This data quoted from Bergey's manual of systematic bacteriology (Vol 1)

2 FAFAE AR A3 20-30% NaCl F=ellAe
7o wsgk Are wE FA% JeElyov 10%
NaClell A+ 4285 ebych EH10 #59) 23
2] NaCl 35+ 25%2 vtebdoh(Fig 3).

SGM siA]oA] NaClg& KCIE whx|3le] KCl2|
EEE 1, 15 25 35ME 2e]slda] 3 S
Z At A9 EH10 #55 48§ 28 KCl 5Eell4
ZFA)8bx) ekgrery (Fig 3) B d7Aelx AR

HE] Be|2AE 25 394 AlFFe] 1.5M NaCl 1.5
M NaCl tj4l 15M KCI=2 dix3ledx 2Ag
ol doFAF d$ dzde Ade Jepin
4= EH8 olx #Hz= zsioh

ol9} 7+& Azb= Halobacterium sp.7} Al X2 &
A3} &2 2 93] 10% NaCl (W/V) Bt} =& NaCl-2-
ssla o RRe] dFe 20-26% NaCleld 713
Wz 2219 vehdrh 10% NaCl 3% »|gked o=
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Fig. 3. Growth curves of Halobacterium sp. EHIO0 at

different concentration of salt.
A—A:
A=A 2/34MQ0%). 0—o0:
—0: 1, 1.5, 2.5, 35M KClL.

5.1 M(30%) NaCl, @ — e 4.2 M(25%),
L7 M(10%). []

W 0% MgSO«7M20
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Tuebidity (NTU

/.
/
Vs

[0 ] o-—0o

® 2 i /

.
A3
o
500 / /
748/
24 a8 72 06 120
Fig. 4. Effect of MgSO. concentration on the growth
of Halobacterium sp. EH10.

ME7L g3l (lysis)d % ol]e} NaCle] 15¢) =
Hel Holxog 7slnl e oJolut serE
e shds) WA 5 glrks wwsh (Helge, 1984)
sk g)el,

SGM wlj2]el) MgSO, - 7H,02] of& 0,1 2 3%%
77) delsle] 243408 248 A3t Halobae-
terium EH10 ¥F5-3= 1 2] 2% MgSO, - TH;Oef A=
e S4g dehiglont 48 Boksha) A Se
3% oMHe= A% Adld pebWon] (Fig 4) 24
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Fig. 5. Ootimum growth
Halobacterium sp. FH10,
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Fig. 6. £ffect of carbon sources on the growth of
Hualobacterium sp. EH10.

®—®. none. A—A: galactose A—A:
fructose [J—[): lactose ©— 0O sucrose Wll—
B glucose.

A MgSO, - TH,09 %t 2%2 vhebyc)

=e|@t Halobacterim EH102| ulitsty =

SGM wjz|o| 2% NaClg E 414 30, 40, 45, 50
DIk wiokshi g 2S4S 2ALR
A3 EH10 9= 40, 45, 50Cof| 4] = WA whE
SAE e o 30Tl e el A 2A)skelw
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Table 4. Final pH of Halobacterium sp. EH10 cultures
grown in modified SGM containing various

carbohydrates

Compound

add (1%) pH
None 7.6
Glucose 4.7
Sucrose 6.3
Fructose 5.2
Lactose 8.0
Maltose 64
Galactose 7.0
Xylose 5.2
Mannose 7.7
Sorbitol 8.0
Manitol 74
Glycerol 5.0

Halobacterium &) vk ZA) 219} v]2=23}4) 45-50
T4 A 223tk (Fig. 5).

1% 39X Alge BE opujiablld oAE
dow etiglon s Hrisldm FAo] &3 7
or=ch(Holt, 1977). welx ehirflem 7pg &
AREsledg w4 2 ofBe}l 7247 wlfofE2

=

Tl do 2 14 5934 A Felstel 10,20, 25, 30% NaCl srmo) e 402l
FAbs-glch 14FF

ZA}EkaL _tr;qou s g%k },E‘/])\]‘o‘—“l}_ A Z=Al =4S
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#:& pHE &3 3lo] fo] o] 4-54E dolrit 1
A EH10 45 fructose®} sucroseol] 2] Z2]o]
ot FAEGlon Errs HrlsdS We 244
7] Fale) Heloth Alzto] AXBbHAM FAlo]

A =) o cH(Fig. 6).

ole} 7+ e F o] Hrby wiA el A A
Fob FAE o) cheke] | ERAba ofA| Edte] wljA|
W2 §5P wet mAe) pHot FAHoE 2
A HESL SelEle] FAE 7 ¢l wFeleta
Z =l cH(Tomilinson, 1972).

whd fructosezt #H7H wiReMe =7 (lag
phase) 7} A A] & 4wF o] 45 vl x| ie
pH7} A3 ARxiggde we} FAe oquFHx F
AE Gy 2= rk(Tomilinson, 1972, 1976). 3h
w2l 2] glyceroli} fructosed 7zH7h Arislel g o
glucose?] 7$-¢)) ole} pH7} z4z} 50 % 52= 3
Asbgl end, lactose?t mannosed] 79+ pH”} 8.0
S 2 Z7)elgd(Table 4). o9 €42 H7p G2
o] &% e Hh wR|FY eln|Abe)
deamination ¥- decarboxylation®] ZA3} wj=]e)
pH7} b3} 57] wel FAe} AAizEcty A
2l ek (Holt, 1977).

2

AT S
F 5z £5 594 ATl 95

% F9A g2 Halobacterium sp. 6- ,_ng Halacowus sp. 357} —.‘E*E]EJSdD}. Halobacterium EH8 2 EH10-&

42M NaCl FEodH+ & Z4 stdd 2o} 20M NaCl

E3l afe)abr] A alo] odxlslr] o
NaCl F%+= 25% (4.2M)ls, 11

2kt
Ab A
B RS ghataeba gt bl al (1987-1998) ]
A9l o3 A Hsiek

—=
'Ial_'l
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