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Isolation of Microorganisms from Salt Lakes in the Dry Valley, 
Antarctica, and Their Living Environment 

Osamu WAGURI* 

Abstract: Isolation of microorganisms and determination of gases dis

solved in waters of unfrozen salt lakes in the Dry Valley of Antarctica were 

carried out, as part of the Dry Valley Drilling Project (DVDP) of the Mc

Murdo Sound region during the 1974-1975 summer season. 

Samples were collected in and around the Lakes Bonney, Fryxell and 

Vanda. Gas-chromatographic and GC-Mass spectrometric analysis of these 

liquid gaseous samples revealed oxygen, nitrogen and carbon dioxide from 

in waters of all lakes, and methane and unknown gas (ml e 22) were detected 

in waters of Lakes Bonney west lobe and Vanda. 

Eumycetes were isolated from the samples collected ; one species from 

the bottom water of Lake Bonney east lobe, three species from surface water 

of Lake Fryxell and thirteen species from other samples than from salt lakes. 

Fourteen species of these isolates have not been reported before from 

Antarctica. 
Two or more species of bacteria were isolated from the bottom water 

of Lake Fryxell. One species was gram-positive rods and the other was 

gram-negative vibrio type bacterium with stalk. The stalked bacterium seems 

to be an unknown species of Caulobacter. Reports of the isolation of bacteria 

of this type in Antarctic samples have not been published to date. 
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1¥:iffi ·1' 1 !J r !J 7 '7 :/ F • F '71 /� v -jtgjg!Zvr..:to�,--c, 1971:¥f5t J: IJ F '71 /� v -ffl�UH 
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™ (Lake Fryxell) - ""(·0)��4w O)t*!;fU: 0-�, :to J: rf-t:O)�,�Jl!tmlzslr O) 1---:::> c L--C]i�""(-
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Fig. I. Map of the Dry Valley. 
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YER et al., 1962; SUGIYAMA et al., 1967; GoTO et al., 1969; CAMERON et al., 1972) f;, G� 

fj:O) Eukaryote i7;0-�l�,h,-C\t,{). Lil•L, Prokaryote O)*[Bffivc�L-Cvi, \,,jfc)C;G.::. 
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bh G, F 71 /� v -:tig�!*Jvctr;{E-t {) ;if�ti1�'1:'0)��tjefz;O)�l±\-a:�di-t-::. 
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�=--, ,,�'/!J", 7 !J 1�1v�··c-O)�:zl(1*lf:Hi, t§f?:Ji.7-�;f41*7tciml.:/\a>�ffiL, 'i 

t.::., 1*7J(�fi 70 - 80% .:C.7 /v 7 /V ::i -1v--c-m•1��ffl L, tc.. :Jtl& L, k�JJ(�i, 1*7J(�Tfff, 

::i 'Y !I J: lJ�ffiEJ'9vC 500ml O);Ji.7-�ffi?Jf;r- !) ��vcfj.L,tc.. �1:4�ii""-"'"C 0°C Urvc1*0 

"CB*����l), -��O)�-K�Lk. 

3. 2. 2. :t'l[�t)Ji-O)t!E!t:J:tg 

���f-Hi Don Quixote rlf1 (No. 1 ,  3 ,  4, 5), Don Juan rlf1, Chad �. � =--*' 7 !J 

1 � 1v, ,,� '/ f���J](, Onyx JII, Bull rlf1, Tayler, Rhone, Lacroix, Sollas, Hufhes, 

Commonwealth, Canada1kfriJr!tfW7j(�J:rf.7-::z ,yr (Scott) �:ffu!mill"t:'t!El&L, i""-"'"C 0° 

C tJTvz:.1*0 "CB *���1m 0 k. ±��;!SHiffl�:ffu. Canopus rlf1, Don Quixote rlf1, � 
.:::. -*�' 7 !J 1 � 1v�, ,,� '/ !J��,m Jll, Taylor, Rhone, Meserve, Lacroix, Common

wealth, Canada %1kfriI*i1ffiiiffl, 7- ::z -:, r £:ffu, � 1 � - F £:ffu!m ill, Bird !llffl --c-1*1& L, tc.. 

UJ::O)±��fHt 'f'1 p '/�vct!EJ& L (10 - 20g), � GK*li-f]WjvcAhiJ�x.. 7- ::i 'Y r £:ffu 
--c-Jl.1¥z1ie, B *vc�� L k. tJJ::O)�f4�t�vc�ffiEt9vcmt::>tJ::iJ� 0 k. 

3. 3. �!£.�Q,)!ff§:n� 

3. 3 . 1. �ffiffi 
71 P�1 V'/ 50µg/ml, 1 P P�1 V'/ 30µg/ml, 7'' F&ffi 0. 1%, M-BJ:.:r.::\='-7- 0. 1 

%a-1Jnx.tc. 1.5% *=Rt�:ffuvc 8°C --c-��L k. � Gvc 'it-:, MYA t�:ffu (� .:c.::r- .7- 0. 3%, 

M-BJ:.:r.::\='-7- 0. 3%, -'"' 7
° r '/0. 5%, 7'' F&ffi 1 %pH4. 5) vc 15-20°C --c-��Ltc.. �fj: 

:1Jt7.K�f4 1 ml, ±��fHi 3 g --c-� 0 t-:. 

3. 3. 2. *-ffi If 

*=R3¥-tN�:ffu (M£B:.:c.::r-7- 0. 1%, "'"'7
° r '/ 1 % vz:.45-�vcJHtL �-ltk :t'l[mij\ta-:1Jnx.k ch 

0), pH7. 2, ,,�'/jr"�O)� pH5. 76), 'itdi��1*.�a-�1.,tc.J::!3·:R�:ffua>ffil.,, iFul. 

)j]i2°C �J:r! 25°C --c-tff�Et9'itdi��Et9 (7--1--1v&-1vr*) vc��a-��tc.. 96-W& 

flt��i*r$ TN-3 �&flt���c? ���a-ffi\.,,, L ����:r--c-�c? (67@1/�) L, 550 

nm --c-.ttevcJ: lJiJ!U5ELt-:. 1J[�����1i.77' Hi-r 1 7-1r*"t:'fi0k. 

3. 3. 3. m rHmiJUtEt9�f . 
*-ffiffi0)1itr!ffi9�8'9�*�i, �f4a- 2. 5% 1··1v !J -Jv7 /VT e. F--c· 1 �F1=19firml5Ef�, 1 % 
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ffi'i=�&::; :/�f:,�fi1,,, 305}:f& 2000 r.p.m. 107t··6tttL, tt�vc.�f/J7Jc�1Jn:l -cff < � 

C? L,, ��/l)\*4c Lt..:. t_O)ffi�jQt��iIUJLI::vcstE«t-: 150mesh ( 3  %:t-1vA/�-1vxf=f 

�) O)J::vc.$M�-eff < Ii L, --e� �dDt-¥ < �0)11Uivc.�7}tJ:��!!ZH<l& G-ttk. 1 �J.:J 

J::-r' S/ -r - � ··e��:f&. B 1L Hu-Ds 11 �l tr!lffi�� (100 kV) vc J: iJ W[�L k. 

4. *5 
4. 1. :l:j;i)j7](;3fftJ7. 

{Gff ;ff 7. vi.�:tt!HC:tH ,-c, �* J: iJ 5c�vc?"}M-t Gt. c iJ;�-·-ea!) ··:d-: O) 't\ �7]( �ill[� 

:ff 7. !l p -z r :/::; 7 vc.$7'. v-c 7}:1fr Lt-:. L t-:iJ;--::, -c, H20 O)f¥tfiJ� ::k � tdf� c tJ:--::, t..: 

0)--C', 4-@H:t H20 0) t::0 
- !! O)l±\mtJ1Wvc.7J·M�tLG 7f'7.0)d/-�wm«k. fJ::t-o, Porapak Q 

jJ 7 A;E-CA,tfij"(', H20 l::
0

- !J tJFJ1Hc.;ffl,;b;rLQ l::0 -!Jvi, H2, N2, 02, Ar, co, CH4, 

CO2, NO, NH3, H2S, HCOH, N02 --C'a!:> G. "it-:, 111}�:f&O) :-H7. !l P -z r f '7 7 vc. J: G 

:n\. tJr --c· vi, wHi £ :ttg --c-� 1±1 � tL t-: -r -v - r J:: 0) 1::
0 

- !l mi f1f 0) ii:}' :r-o J: u m � iJ: § 1'l --::, t..: 0) 

--c-, GC-MS 5}:1frviJEtt 0) d/-D"--::> t-:. 

TG-=--:W:� (l:6J2) vi, ��vc.J: 1Jffii¥:ff7.tfl.n1tvcf1,,1,,�iJ:d/-Ghk. 1::
0 -!l Pl vi 10 

m, 36 m --c-� <, 19 m, 26 m --c·viY tJ: < tJ:--::, -C 1,, G iJ�, 1::
0 

- !l P2 vi 19 m, 36 m--c-� < ts:. -0 

-C :t-o iJ, �f!tvc J: iJ ffit¥:l*�vc:;k � tJ:�iJ;d/-Gnt-:. Pl 0) $:?"}vi GC-MS --C'O) fAJJEO)*a!lt 

A Pl WATER 

B �P2 - WATER 

�L 
C /WATER 

� 

min} 

�2 ff�?P7rV�71Kl���--��-�ff��m 
Fig. 2. Gas-chromatogram of dissolved gases in water at different depths of Lake 

Bonney east lobe (A: JO m; B: 19 m; C: 26 m; D: 36 m). 
Column: 2 m, Porapak Q; sample: 30 µ!; carrier gas: helium, 32 ml/min 

(A and B) or 24 ml/min (C and D); detector temperature: 130 ° C (A and B) 
or 150° C (C and D); column temperature: 70 ° C (A and B) or 80 ° C 
(C and D). 
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m/e 28, 32, 40 0) � 1 :t- / e.0 

- � iJtl�lli � ti,, N2, 02, Ar iJ�-@; 'i h ""C \,, G ;:_ c iJ� 00 GiJ� c 

tt.0t.::... 'it.::.. P2 �i m/e44 0)55i\,,£$e.
0 -�a>ffiL, H: cA.ic·iJ� C O2 --c·�O),@, m/e l6 

0)1 :t- -:/iJ� G C H4 O)fftl:iJ�tlAE� ht.::.. (� 3). 

w > 

l�O --------r---i 

50 

28 
16 (CO) 

(Cr I 
10 20 JO 40 

M / E 

�3 GCMS�l�;t;=--··-� 

·H � (P2) OJ fPJ 5E 

Fig. 3. GC-Mass spectrum of P2 in 
Fig. 2 of Lake Bonney east 
lobe bottom water. 

P2 

6(minl 

�4 #��p����71�l� 

;J-; =- - gg·Q)-ff>Jl �?}-tfi 

Fig. 4. Gas-chromatogram of dissolved 
gases in water of Lake Bonney 
west lobe (depth, 28 m). 
Sample: 25 µl; carrier gas: 
32 ml/min; detector tempera
ture: 150° C; column tempera
ture: 60° C. 

;f-.::. -gljiHi�)i7J(0)�5};fnL,t.::.. (� 4) iJ\ Pl �i N2, 02, Ar --c-�I), 02 O)Jt$iJ�� 

vc*�\,,.:. c iJ���vjvf GhG (� 5). P2 �ift!!O)W}�c.Jt""""(�L, < � < , G C -MS "c'�i, 

Vil: c A., ciJ� C O2 --c:-, �O),@j,'jtO) C H4, N2 'i t.::..�i C O, � L, ""C m/e 22 1 :;t :/a>*-fi" G * 

fflO)n\t5}iJ��lli� ht.::.. (� 6). P3, P4 �i1m��0)5};fn--c·�:t�m,tJ�.;.Gti,f, G C -MS �c 

J: Q jqj AE 'lb --c· � tt. iJ � 0 t.::.. . 

/� / j(m} (� 7A) �i Pl iJ� N2 , 02, Ar--c-�GiJ\ N2, 02 O)JtiJ�viv! 4 :  5 "c'�Q.:. C (� 

8) iJ� G. 02 O)ffi1f jtiJ�ft!!vc.lt""'""C � \, \.:. C il�ffi� � ht.::... P2 �i ;f-.::. -gljWJ C jq]�vc C O2 

iJ�*fIB:B-a>�bo, C H4, C O  :to J: LY*fflnl<:53-(m/e 22) t � Ght.::.. (� 9). � 7B �i£:tt!Hc:!o 

\,,""(, JliWO)��c.�Ght.::.. G C  O):f--{r - r --c:-, t,J,��m.1t�itt.i1�0t.::... 

7 !)  �-c1vW}--c·�1 (� 10), G C O)e.
0

-�Pl vcffl�ft·Q N2, 02, Ar :!oJ:UP3 0)n\t5} 

C O2 , C O(�ll)O)�--c-, C H4, m/e 22 �i!fbbGhf, ffit¥:if7'0)f.j�O)ffibb""Cj;'tt.\,'.:. c 
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so 

--·------�-
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MI C 

" 
(t1CL 

40 
(Ar) 

so 

�5 GCMS�lQ�=-��ffl:{f 
-Ji7, (P 1) O)lq]JE 

Fig. 5. GC-Mass spectrum of Pl in 
, Fig; 4 of Lake Bonney west 

lobe bottom water. 

� 7 

Fig. 7. 

6(rnin) 

WATER 

B 
P4 

,, (min) 

-Jf 7-. !I P -? J, !I. '7 7 1 ire l Q ,,� :/ 
3q� 0) r# 1¥ -Ji 7-, 71" lfr 
Gas-chromatogram of dissolved 
gases in water of Lake Vanda 
(depth, 68 m). Sample: 30 µ,l; 
gas fiow: 24 ml/ min; column 
temperature: 80 ° C (A) and 
J00 ° C (B). 

1,[1 

(<,02 

22 
16 

(Uft1 ) 
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28 

(CO) 

I, I 

10 20 30 40 
M / E 

� 6 GC-MS ire l 0 � = -@Wlfir{f 
H7-. (P 2) O)fAJJE 

Fig. 6. GC-Mass spectrum of P2 in 
Fig. 4 of Lake Bonney west 
lobe bottom water. 
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Fig. 8. 

10 20 30 
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(Pl) O)lq]JE 
GC-Mass spectrum of Pl in 
Fig. 7 A of Lake Vanda bottom 
water. 
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l\111 ' 
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(Cr\) 

(?) 
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lD 20 30 
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(CO2) 

I 11 

� 9 GC-MS �c J: 0,,�:.; �,-�nff.ff-Ji7-. 
(Fig. 7A, P2) (l)[Pj5£ 

Fig. 9. GC-Mass spectrum of P2 in 
Fig. 7 A of Lake Vanda bottom 
water. 
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so 

· .. 

10 
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WATER 

C "e I" / 
_ljl _ _J 

--+---+--+--t---+--+---+--
6 (min) 

� 10 -Ji 7. lJ P-::; r !f =J 7 1 �c J: 0 7 
!J lJ -c Iv�(!) nff.ff -Ji 7-. ?J":.fn 

Fig. 10. Gas-chromatogram of dissolved 
gases in water of different depths 
of La,ke Fryxell (A: 4 m; B. 12 m; 
C: 18 m). 

28 

Ir 
20 ·. 30 

M / E 

38 

Sample: 25 µl; gas fiow: 32 ml! 
min,· detector temperature: 130 ° C: 
column temperature: 70 ° C. 

(HCL) 

I I 

�- 11 GC-MS �c J: 0 7 !J 1Ji-c1v�nff.ff-Jf;t,. (P3). (l)[Pj5:E 
Fig .. 11 . . · GC-Massc spectrum of_,P3 in Fig. JO of Lake Fryfell bottom water. 
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iJ;!f9:�1¥] --e� �) t.::.. . L iJ, L .  ilrr��O)�;fG!-:5ttfr't:'Lt P2 0)1JHJ!1>1iJ; tJ:: < ,  P2 ::Ji' .7-. nx;:B-O) �it 

iJ;&r� 2::: � .:h Q .  t)J:O)ttH¥!: �� 1 K. 'i 2::: rht.::.. .  t. ;hvc J: G 2::: ,  / � :,; 3t™ 2:::  � :.  -Es™O)™ 

1.Kv:t., nHf ::1f' .A *El.nx;iJ;ffi1£L L --c i,, ,  Q ;: 2::: iJ�tJiJ, 0 t.::.. . 

� 1 :11[ ™ <l) fifff ti' ;z, ft 1fJ 
Table 1. Specific distribution of liquid gas into lake water. 

Gas sample 

Lake Vanda 

Lake Bonney west lobe 

Lake Bonney east lobe 

Lake Fryxell 

4. 2. ffi��0)�-

4. 2. 1 .  Jrffiffi 

CO2 N2 

+ +  + 

+ + +  + 

+ +  + 

+ +  + 
--- � �� �� -�------

02 Ar co m/e 16 

+ + + + +  

+ + + + +  

+ + + ± 
+ + + 

-22 -40 

+ + 

+ +  + 

+ 

AJN.1¥J�ffil¥J vct*1& L t.::..�*4vi. ,  :ff 2::: O);!t 18'.Hi1f�vc J: IJ 17�0) ffiffiiJ;n\.M � .:ht..: (� 2). 

�%1t ffi 0) Chrysosporium sp. , Dendryphiella sp., Penicillium sp. vi. i"'t:'vC ffiffi :;t- :,,,  jl ;v 

� Q .  Zygomycetes 0) Mucor hiemalis , Mortierella sp. vi. 7 '7 .7-. 7J :tt!r1J't:':5tM � ;h --C :to 

I) ,  Ascomycetes 0) Thelebolus microsporus <b 7 =J .7-. 7J :l:t!fn't:':B-M � ;h, lb!/efoO)�fE*O) t 

0) 2::: � ;h --C \, , G. Chrysosporium sp. vi. ffiffi:;o J: 'Cf 7 =J .7-. 7J t-t!rn't:'0-M � ;h, *�:l:t!HC� \, ,  

<b 0) 2::: � ;h --C \, , G .  -t 0) ftl! ,  W rh--C :B-M � ;ht..: Aureobasidium foliicolum vi. �
0 

:,,, !J e 0) !tli 

�0 < IJ ,  'i t..:Mffl:vi. tl:.r�,*iJtlj, G.:h, 1iiJ .:h t  �r'itvc!f9:J'dJ:: t 0) 't:'� 0 t..:. t. :h G O)J\l:ffiffi 

vc� L --c vi.�U vc:ff 2::: � fqJ 't:'�*ffi vcffi15i" Q -=f'.iE't:'� Q .  

� 2 � !! � - F-lJ" ':7 :/  Fil• Gft-� ;ht-:ffe{ffi� 
Table 2. Fungi isolated from the Antarctic materials. 

K. TUBAKI (Tukuba University) 

Species 

Zygomycetes: 
Mucor hiemalis WEH MER** 
Mortierella sp.** 

II fl ** 
Ascomycetes: 

Thelebolus microsporus** KIMBROUGH 
Deuteromycetes: 

Aureobasidium foliicolum MULLER 
II 11 

II " 

Locality of samples 

Scott Base (pool water) 
Cape Bird (soil) 
Canada Glacier (melt water) 

Scott Base (pool water) 

Lake Fryxell (surface water) 
Lake Chad (surface water) 
Canada Glacier (melt water) 
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Species 

Aspergillus versicolor TIRABOSC HI 

Aspergillus sp. 
Cephalosporium sp. 
Chrysosporium sp. * ** 

II ff 

Dendryphiella sp.* (D. salina ?) 
Diheterospora catenu!a:a KAMYSCH 

Penicillium sp. ,:, 
" " 

Unidentified 
Yeast 

" 

* Already found in Antarctica. 
** Already found in Alaskan Arctica. 

4 .  2 .  2 *ffiffi 

Locality d sample 

Onyx River (water) 
Onyx River (water) 
Cape Bird (soil) 
Scott Base (pool water) 
Cape Bird (soil) 
Lake Bonney east lobe (bottom water) 
Scott Base (pool water) 
Canada Glacier (melt water) 
Lake Chad (surface water) 
Cape Bird (soil) 
Lake Fryxell (surface water) 
Lake Fryxell (ice) 

89 

!1r1 JMC1):l;�*§.J7!Zt, J:: ufFm.lstv:t YAMAGATA et al. ( 1967) , TORII et al. ( 1967) vc J:: ":) "( �f l_,, < 

Salt lake 

� 3 �:li[iNJJKJii7J(0):1:jHJinlt 
Table 3. Salt composition of lakes' bottom water . 

I Depth I Temp . 
/ cm) c0c)  

K+ 
(g/kg) Na+ Ca++ Mg++ 

- -- -- -- .  ·.- -- - . - -- -� 

L. Bonny 
east lobe 

L. Bonny 
west lobe 

L. Fryxell 
L. Vanda 

34 

28 

1 8  

68 

- 2 . 8  

-4 . 7  

1 .  9 

24 . 9  

2 . 87 

1 . 4 1  

0 . 2 13  

1 . 490 

36 . 0  1 . 54 26 .03 

22 . 7  2 . 16  7 . 47 

2 . 35 0 .063 0. 34 
2 . 40 22 . 90 6 . 60 

Cl-

1 54 . 50 2 . 95 

69 . 36 4 . 1 9  

3 . 77 0 . 1 8  

68 . 75 0 . 63 

�v:t,  7J(zEH:t - 2 . 8°C "c' MgClz iJ� 10%, NaCl iJ� 9 % 7b ro:.m L --C to I) ,  � =- - g§ �v:t 7K 

zFm.iJ� - 4 . 7 °C , NaCl iJ� 5 . 8% , MgClz iJ� 3 . 1 % 71 -! ;h--C \, , Q , i t.::., ,, � :/ 3l"�v:t 7Kfffil.iJ� 

+ 24 . 9 °C, NaCl 1 . 2% ,  MgClz 2 . 5% ,  CaClz iJ; 6 . 4% 71 -! ;h--C to  IJ ,  7 !J !l -t: 1v{i!j/Jv:t7K 

tiJli l . 9 °C ,  NaCl 0 . 6% ,  MgS04 0 . 1 5% 71 °! ;h"C \, ' Q .  

--c � "c'�:lmm�*§.nlt� vi H>ld i'J] Cl) *J:l.St vc�b"tt, � G vc :�·t,�*�VYR c L --C O . 1 % MiB: _:c. =¥-

7- , 1 % ,,.::_ 7
°

f' / � 1Jo x.. k cb C1), cf) Q \i ' v:tfilff��1JQ x.. t.t \, ,�3(�t-fil�"'J < I) , yi'y]7J( 0 . 1 ml 

i t.::.v:t 0 . 5 ml �ifHl L, t{:fJt ��.lj_f-.: . tg.Jtni*v:t tff�1¥Jt, J:: u��l¥J�{4 "c'fi \i '. rlfIU� 
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vi 2 °c c 25°C ··e:lfH/ffi·rr ·-:d-: . 

-t O)if.iL'=, J:�G \, ,f,h,O);l!ffiU*�J:§ 1, ,-c t ,  7G .::. - }R, ]!E :to'  cl: a/� / 3l'' fmO)�HiJ• G vif}J& 

J:_*'O)*� !±\ vi -c:, � t;s:.i:J· --:, t:.. . 

7 � !J -t: ;L,,mJO)it�7J(��ffiB�K-, NaCl 6.3 g, MgS04 • 7 H20 3 g, � 7° r :--: 10 g, �� 

-BJ..:r:. =t- 7' 1 g , �� 15 g/1 (pH 7 . 2) O) ��:Lg:I:ili vc. 0 . 1 ml 11H1 L . 25°C -C:'Rr3<1iff9 i'C.fJ 1 -J; 

)j :Lg� L,k t O)l)'> G, T I/  :/ / E,  C �F'ffi�U} � 1, , S E O)  ::z p .::.  - i:J� �� fN,bhk. 2°c -C:' 

O)ti�vi 2 -JJ }j tJJ::!,g.�O)�, * v / /  :to i a e / t eO) ::z p .::.  - tJ�mnnt-: . Mft'A:tl'f�-c:, 

viJSWvi di- GhtJ::iJ" --:, t-: . 

2°c -C:'?tm-c:- �tdlBM 0)11::lxvifN,::fE�i[ i=J::i -c:·ct> Q i:J\ 25°c -C:'5}/jJ/Y:-c· �tdfHM c 0) [q!-,11 

vi i t..:1iin" -c:· t;s:_ 1, ' ·  

25°C -c:·5t�t-c:· �k*ffiffiO) i*J, :;t v Y :/ E.O)  ::z 1=1 .::.  - vi fY;lfJ-c:-®:@*9 2mm, ��f;j<;ffj-C:':ft:J� 

-C:'ct> fJ ,  �ffivtjE;iRtJ�ct> fJ (0 . 5 %  7·· F 17 ffi1.Jo:l,g.:tfuJ: -c:-vt J: fJ :t- v  :/ :/ B iJ� vi --:, � fJ -t° G ) , 

m�vi3f?t-c:-1�1 :�H1vt:Pt;s:_ 1, , . llffif�ilrr -c:-vt, o . 5 x  1 - 4µ O)fFl:k -c:-Mi*O)Jli-mvt®:*7t i&Uffi 

vvGmJW, fi!Dli/ru i Q < ,  �trJlibvi t;s:_ < ,  •-=€. 3€Hl t t;s:_ 1, ,  ;1·· =; A �11fFM-c:-ct> Q . 

s f3  ::z p .::. - vtti� 5 s 1�-c:-, @1£t� 50µ -c:-g�C:'ffi vu} � < ,  llffif��r c1001i) -c:- ::z p .::.  

- O)J=ifr::tE�1iin·6b-C n" G:5t-�fi --:, k . c. 0) ::z p .::. - vt*f::tM-c:-, �Imvt%UfBtd1�f1�x�� 

L, illKivifft-c:· �  G vC.JG;@ §}j '"c', -it 7 T 7 L -C :to'  fJ �l H1viJ,,'f;s:_ \, , . llffi��r (1, 000 {ti) 

-c:·it i:::· 7·· � :t- � 0) ff m-c:·, * � � vt o . 5 x 1 11 ,  5¥ Mg, 3€Jllvt t;s:_ < , f =; A �,110) ,11� � t '0 

ffffi -C:'ct> fJ ,  lmM MgS04 �1.Jot-g::ttg -c:· vt rosette formation iJ�di- Ght-: .  

t. O) ,j,ffffi�'l:rllffi�� -c:-W!�-t G  c ,  @1£*9 60 nm O)!JI{%�/J-JiJ��t&c Lt-: stalk � ?b --:, 

-C \, ,k (� 12) . i ;hvc. stalk O):$t; cl: fJ @1£*9 15 nm 0)7.t;j:zi:J�di- G.nk (� 13). i k stalk 

� 12 Fz strain 0)1[-=fffi���� 
Fig. 12. Electron micrograph of Fz strain . Negatively stained with 1% uranyl acetate after 

the fixation with 2.5% glutaraldehyde. The bar indicates lµm. 
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A 

B 
I@ 13 Fz strain O)mr�!Hif�J{ 

Fig. 13. Electron micrograph of Fz 
strain. The bar in A indicates 
1 µm; in B, 0.1 µm. 

0.4 

:; 0.2 

10 20 

T E II P O A T U R [  

Fig. 16. Effect of temperature on the 
growth of Fz strain. 

9 1  

I@ 14 Fz strain 0)11-r�raJtJl�� 
Fig. 14. Electron micrograph of Fz 

strain. The bar indicates 1 µm. 

0 "' 

... 
< 

I@ 15 

Fig. 15. 

s.o 7.0 9,0  PH 

Fz strain 0):9e1f�c:J:a J: v'ti"" 
pH O)�� 

Effect of pH on the growth 
of Fz strain. Medium: 0.2% 
pepton, 0.1% yeast extract, 
1 mM MgS04 · 7Hp (pH 7.2); 
culture: 20° C, 7 days. 

I@ 17 Fz strain 0)9e1f�c:J:a J: v'ti"" NaCl 
ZIJtO)�� 

Fig. 17. Effect of NaCl concentration on 
the growth of Fz strain. Cul -
ture ; 20°C, JO days. 
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vt � < O) �it. Tf � W 20nm 0) sheath ·-e� -! ;h -n, ,t-: .  Stalk Vlffi'HUtjµijiilffivc-t;h..f ;h, 1 * 

f"'.:),l;_ Ghk (� 14). tm�%�0) � vcvt•=EJ�nx;i1�f£2t> G h t.i:iJ·  -:i t-:. 

tJJ: O) ��iJ;,J;_ G :hf-: 0)  --c·, �vc ::.  O) ffiffiffi vca: § L -c 1:4m11J*: ��""k.  ::. O) i}ffffi � tJ 

� Fz strain c J: £ ::.  c vc-t Q .  

95�0) pH vi. 5 . 5 - 8 . 0 --c·, �� pH vi 7 . 0 #i!r (� 1 5) --c·, 95',§fPJjJ!§iffil.JJt�v:t 10 - 25°C 

--c· (� 16) , 20 - 22°c f-ti!IiJ� :iub@J --c-� IJ , 2s
0
c tJJ: --c·vt f@j� vc9fiWiJ�7F.E!: c t.i: -:i k. :!still 

11=11t{f:l-thvi, J: 'J {!:fi i1iUg,1Z--c·95W --c· t  � t 0) c ,�,:hh Q .  11[$z/lv:t NaCl o - 5 % --c·9fiWiJ� 

,l;_ G;hk (�J 1 7) .  

� 4 Fz strain �c.x1i" 0 :Jn��'.l{{��i'i�� 
Table 4. Growth inhibition of Fz strain by antibiotics. 

Antibiotics Concentration 

Penicillin 0 . 5 u 
Ampicillin 2 . 0 mcg 
Sulbenicillin 30 . 0 mcg 
Erythromycin 1 0 . 0 mcg 
Chloramphenicol 5 . 0 mcg 
Tetracyclin 5 . 0 mcg 
Colistin 50 . 0 u 
Streptmycin 10 . 0 mcg 
Chephaloridin 5 .0 mcg 
Polymyxin B 100 . 0 u 
Gentamicin 30 .0 mcg 

� 5 Fz strain 0)5eff�c� Ht--.t��f0 c 1f�� O)�l:l 
Table 5. Effect of organic and inorganic materials. 

Culture medium 19 days (0 . D . ) 

Basal medium* - 0 .002 
+ Inorganic material s** 0 .002 
+ Casamino acid (0 . : %) 0 .0 1 5  
+ Yeast extract (0 . 05%) 0 . 057 
+ Inorganic materials -O .C03 
+ Casamino acid 
+ Inorganic materials 0 .035 
+ Yeast extract 

Sensitivity 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

24 days (0 . D . )  

0 .028 
0 . 067 
0 . 040 
0 . 20 1 
0 .062 

0 .4 1 3  

* K2HP04 0 . 7%,  KH2P04 0 . 3% , MgS04 • 7H20 0 . 0 1 % ,  glucose 0 .2% , Na-citrate 0 . 05 
% ,  NaCl 4% (pH 6 . 8) .  

** Fe2S04 • 7H20 0 .0005% , ZnS04 • 7H20 0 . 0005%, MnS04 • 3H20 0 .0005% , CaCb O .000 1% . 
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ffi:B-WH:t 7 1v 1 r - 7- , -Jl =J 1 r - 7- , 1-- 9 ::i - 1/ :/ ,  � 1v r - 7- ,  � Y =- 'Y r , � Y / 

- 7-. ,  f 1v ::i - 7- , 7 7 �- / - 7- , -lf- ,y j] i:i - 7- , 7 A / - 7- , ::\"- '/ 1:1 - 7- 1 7 7 1 / -

7- , =J !1 r - 7- , 'J 1v �- r - 1v-t�""C�lt'"c·� --:d-: . tfi:1:.����ltT 7- r vc J: nvi, ;:c. 9 

7- i:t � 1 '/ Y( lOµg/ml) �� �.  vf c lv J: O) ti[1=.�� vc��ltil; � 0 t-:. (� 4). H2S §61:. ,  

Urease tislt, -}J :!J =J - -ti t �lt'"c'"'f- r !1 i:i - A :.t ::\"- '/ f - -li v:t �lt'"c'� 0 ts: . ��*•� 

'"c'� G j] -lf � / MO)fUJ=l=H:t � GntJ: iJ� 0 ts:. C* 5). 

5.  :if; � 

� =J 1 /� v - mm K1=.#-t G �ffiltO) � G 91=.�0)fflm�� c L ""C O)mmO)��. � J: lj 

m*Jl.nlt�i YAMAGATA et al. (1967), ToRII et al. ( 1967) vc J: '? L � L  < �� Gh""C \, ' Q . )en 

vC J: G c , �Il�{4 '"c'v:t, ,,,� y jl''™il� +24. 9°C c 1:.�tisl/J vCJtt:i@j�{4 � )£:- tJ: x.. -C \, , Q O) VC 

� L ""C ,  CaClz ii; 6 . 4%, MgClz ii; 2. 5 %, NaCl ii; 1. 2% t '2t' i ;h ""C � iJ , C. n l? O) m• 

Ilil� G�nvi, 1:.� 0)1:.ipfisilJ vc c  0 ""C l:ioo""C*1.H* tdi�.!Htm c  1., , x._ G '"c'� 0 5 .  i ts:, 4-

@Jfibht-:. il 7- 7f;ifi''"c'vi , N2, 02, C O2 �)£:-;h�h�-It vcm# L ""C �  9 ,  '2' G vc ,  A, i '"c' 

Eti;g '2' n""C 1.t ,tJ:il� 0 k  CH4 t � lli '2' h, 1:.�fisilJ vcvi��tJ: 1., , J: 5 vc,�,:bh G .  91:.� vc 

'*1 L ""( vi�/lll(il� G G orn et al., (1969) vc J: 0 ""( , J!;ffiffiO) Cryptococcus albidus, Candida 

dijfuens, Can. humicola, Can . scotti, Trichosporon culaneum, Rhodotorula glutinis, Rh. 

texensis , Rh. rubra il;Jt- � ;h""( \, , Q il\ *!Hffi vc'*1 L ""C vi*tac� lli '2' ;rt""C \, , fJ: \, '. 

4-@�l& L td!j'l1.K�M vc� 1.i ,""( t *!Hffivi�lli '"c' �i\ Ji;ffiffi t �lli '"c' � tJ:il� 0 ts:. . 4-�. 

'2' � vc�ttil;�,� c ,�,bn G .  

� =- - *™ VC� \, 'L vi, 7.K�� J: am*Hnltil\ *� vc J: 0 ""( �  L \, ,�{l:�ffi-t C. c il;9;0 I:) 

;h ""C \, ,  G (YAMAGATA et al., 1967; ToRII et al., 1967). 7.K� 13 m '"c'll(tfill.il; + 7 . 0°C vc i '"c' . 

J:� L.  )£:-h J: iJ � <  tJ: Q c {Jlr L,  �/lll( '"c· - 2. 8 °C vc�-t G .  C. O)�[t�{r.v:t, � 2 

'"{:·� Ghtu.K� vc J: G #J.# if 7- O)�{l: c '*1:JIBil; � G ii� t L n tJ: 1., , .  �/11.Kq=rO)ID# -Jl 7- vcvi 

N2 , 02 , CO2 ii; � i ;h (CH4 v:tfl1!J:I:) ' �1:.�1:.W vc C '? ""( ��vi tJ: \, \ C � *- Gh G ii\ 

mffi.nltil� G � G c ,  MgClzt1;ilf:J l0%, NaCl ii; 9%, i to.Kml.iJ; - 2. 8°C '"c't:5 iJ ,  1:.�tisib 

�B'tr vcv:t;Jp'ffi vCJGfU tJ:�fttr vcc:5 Q c "' ' *- J: 5 .  �� vc.�1.i , ""C , �1=.�vi i 0 t-: < � lli  '2' 

;h ""( � Gf, A,@]1)] ob""(, Diheterospora catenulata il;:B-• '2' ht-: . C. O)JG1c:@:ffifflv:t �ti 

.t.J7!- '"c'±� vc.1=.}�!,-t Q ;:, C iJ;�a Gh ""( \, \ Q iJ\ Wlffi::k� '"c'7f. � ht-: 0) viA,@]il;Wob""C '"c't:5 

Q .  ts:. �*Hlffiv:tA,@O)�M'"c· t �lli � nts:.iJ� 0 ts: .  
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;t; :::. - �H�Hi, :lJJi*B.nx: Vi NaCl iJ� 5. 8%, MgCb iJ; 3 . 1% c *iq/Hc.Jt�. J:'g-g-*3·.-l:fi�'.5} 

{1£ 1,, ,  J: 5 -c\?6 Q n; , 7.KilM.n� -4 .  1 °c --e:-tifil&O) }� --evi , :ct¥D™m c L --c �!::';tln:.bix L 1,, ,  c § *- 1 

5 .  i�f?jf ;qc. lJ� L --c vi , 1m C J:t� 'L m[  cb �Nr: vc.M' A, "c' \, ,--c '  CO2 iJ; �F� vc.� < ?GvtibA, 

"c' \, , Q O) VC.JJU *. --C , N2 , 02 , Ar,  CH4 ::ro J: u*�DJiX:0- (m/e 22) tJ: c''iJq�U±1 � .:htc. . m/e 22 

1 * :/ vi5fd�OO) :fi ;z, nJZ0-0)0-r1 * :/ vct§�i"Q .::. c cb T:W � .:h Q iJ; ,  i t::.�1J, H20 1::
0

-

:; tJftk vc.mv.:h Q �0-r1ft-3e!ffa0) 7 7 :fj / 1-- 1 * / 0) TiJ§g ,1:1 i 2:t> 0 ,  4-f&tJ:::rof:&at�!t#i" 

Q .  .::. 0) 1 5 vc.{PJfjffiiJ,O)*�o1*:0-, ;1- :5< :/�1f� :il ;z, n��t±l � .:ht::. .::.  c vi , 4-@ O)�:fiiJ� 

frtco--C "c'tt> I) ,  .::. 0) .::. c vi, A,ftk, :ct!ffa 0) :ct)�J c i:!k1jf; L --c �'* 2:t> Q ��"c' 2:t> 6 5 . 

f� :ct ¥a vc.i:!k1 L --c vi, ;@}� vc cb � t±l � .:h --c ::ro G f, 4-@ 0) �� ch �  lli � .:h tJ: iJ, --::i tc. . 

7 U :J -t: ;vm]O)m*B.JiX:vi $7.K vc.ffi{t], L, --C ::ro i) ,  ,r:O) m¥,l/tvim£7j(O)f9 1/5, &JJtvi +1. 9  

°C ""(-, 7J(r� vi l8 m "c'2:t> Q .  ?Gf? :fi 7' vi 02, N2, CO2 O) h- "c'2:t> --:i tc. . LtdJ; --::i --C 7  u J -t:  

1vr�Hi, fmO)m11WHc.tt� --c �:ct!ffa:ctW vc c  0 --C , 2:t> i  IJ ll& L  < tJ: 1,, <t,� vc.2:t> Q c � *. G .:h 

Q .  L iJ,  L tJ:iJ� G,  tt:*0)�16� "c'fl:ct4mvt� < �lli � .:h --c 1,, ,  tJ:iJ· 0 tc. . 4-@ viWco--c '.Y tJ: < 

c cb 2 tiffi 0) *IB if iJ �0-� � .:h tc. b vt "c' 2:t> Q . 

1 fill vi o .  s x 1 - 4Jl O)* � � "c'iff*O)lJi!l,viilHI, {�ij l1fi vi7FiJU!IJ. fifiJYffil i Q < ,  fimifJII/Jvt 

ts:. < ,  @-=§, ��� vc.tJ: 1,, ,  :f 7 1,. ��ttffif "c'2:t> IJ , t 5 1 f!vt �- 7-- u ;;i·�""(-5¥Htg, ��n� tJ: 

< ,  i*MJt�iJ�jf;m L k stalk � t 0 --c 1,, ,  Q 0) i7��1!J& "c·2:t> Q .  stalk 0):5t l iJ a�Hcvi Il[ffW9 

� 6 Caulobacter c Fz strain 0) Jti!Bc 
Table 6. Differential characteristics of Caulobacter and Fz strain. 

Cell 

Stalk 

Rosette formation 
Flagellum 
Gram 
Respiration 
Utilization of Casamino Acids 
Temperature 
pH 
NaCl O % 

4 %  

Caulobacter 

0 . 5 x l -2 µ 
(Vibrio id) 

(o . d .  150 nm) 
+ 
+ 

Negative 
Strictly aerobe 
+ ,  -* 
1 5 - 35°C 
6 . 0 - 9 .0 
+ , - ** 

+ ** 

* Caulobacter CB-G strain, MARIS. 

** Caulobactcr7:_MARIS . 

Fz strain 

0 . 5  X 1 µ 
(Vibrioid) 
I - 2 
(o . d .  60 nm) 

+ 
? 

Negative 
Strictly aerobe 

10-25°C 
5 . 5 - 8 .0 

+ 
+ 
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1 5  nm O) :n-;f:;ziJtdj. G n ,  i t.:. � < O)t�ii', stalk O) :$t vi fmffi vc.��!ll. L --c I. , G iJ�, i t.:.  vi rosette 

� 1fJ nit L --C I. 't.:. . 

c .::. 6 --c:- .::. 0) stalk � t 0*[Hffi O) :n-ffl�El"J{ftfl:-,::Htvi, M� J:: iJ Caulobacteria (POINDEX

TER , 1964 ; SHAPIRO et al., 197 1 ; BUCHANAN et al., 1974) vc.�-t o PJt§tttJt �  G O) '"(:', :±. 

tJ: ff� �lt� --c dj,.t.:. (� 6) . "t"h vc. J: ;hvi stalk O) m[f! vc. :k � t d!� iJtdj. G;h, 95f
f

PJt§ 

NaCl ?!'ll!t vc.:toi. ,--c t ,  Fz strain vc.ii 5 Caulobacter vi. A, i --c:- vc.vi J! 0 v:r �;h--C I. ,  tJ: I. ' · i 

t.:., Caulobacter 0) 7(  � tJ:ff� 0)-'0--C:'� .Q ffl!�vi, Fz strain vc.:toi. , --c  viA, i 't:'O) c .::. 6 .f!  

I. , tB � ;h--C I. , tJ: I. ' .  tJJ:0) £� vc. J: iJ F z  strain vi , Caulobacter �O) [*J O) �;fiiJ\ � .Q i. , 

vi Caulobacter �iJ� G vi tJ: < ���ii;:2 L 5 .Q P]"t§tt t � .Q t 0) c � x. �tL G .  

�M Cffi� c C �M�m lJ i L t.:.�W�*��-� K�ffl O) • �W� i -t. i t.:. , *M� 

0)-���x.--C�� IJ .  ffiffi�O) �- K C ffi� cmn �U IJ i L t.:. f•I�:k��g�� 

-�. •m•O):n-ffl K C �h �U IJ i L t.:. m�*�-��-�. EffiO):n-M K Cmh �U IJ  

i Lt.:.•w�•m� l*J�E�± K�fflO) · ��b L i -t. 
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