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Abstract

Caulobacter is distinctive in the morphology and replication and ubiquitous in the biosphere, espécially
in every type of aquatic environment. In water and waste-water treatment processes, chlorine and chlorine
compounds have been used as a main disinfectant throughout the world. Therefore, Caulobacter in the
waters should be affected by chlorination of the waters. The objective of this study is to determine the ef-
fects of the disinfectants on Caulobacter cells and on the developmental processes of the cells.

The Caulobacter swarmer cells were disinfected by chlorine at pH 7.0 minutes of the reaction with 2.0
mg/l of infected at pH 10.0. The swarmer cells treated with 2.0 or 4.0 mg/1 of chlorine for 15 minutes lost
their flagella and were observed by electron microscopy to be damaged on their cell surfaces, discharging
some cellular materials. When the chlorinated swarmers and untreated control samples were recultivated
in fresh PYE broth medium, the control swarmers multiplicated exponentially after one-hour lag phase,
whereas the chlorinated swarmers extended the lag phase to about four hours. During the extended lag
phase, the cells were proved by electron microscopy to be grown and be in predivisional step, but no
swarmer cell was found.

When the stalked cells were chlorinated, almost all the cells were observed to have their stalks broken
and some cellular materials discharged. In those samples recultivated, many cells differentiated to possess
an abnormally elongated stalk with several crossbands on it. This suggests that the chlorine-shocked
Caulobacter cells can develope to abnormal morphology in water environments which they can survive and
regrow in.

Caulobacter= +Folv oh5dt EoF & 2T 4ol 7t mbEo] A3 o] swarmer Al L T

del EEew glv dutd 545k A2 g 23 fed4Re shebh WAk fAHE A 2
S ol Eell B WAl dage] Hel gt o el A stalkE HAHE S5 A2 4 A3

Caubobacter Al £+ 3% Fol| stalkE 23 4 & 2 (life cycle) & ub%-gke},

Vel w2 ¥ o] odel oste] swarmer Al E



Kor. Jour. Electron Microscopy, Vol 12, No. 1, 1982

2822 Caulobacterel 7 4| 7] 3k9]
3 5o Sel 4 EP‘“" 37
o gl Al 23" ATFE w@
gkeh. Schmidt ¢} Stanier (1966)
A A Coulobacter crescentuse
o Aabo] FAIA vt By, Ak
0.2mMel 7 S0 stalke] Zol: 2~3mMal
sl 0.01mMellA = 14~18mMe] b 5| glet.

Poindexter (1981) & ofio] H-Z3lo] &) T
of AAlS & xtdzA ol 1 F wfflof 4 & si-
alk7h oj4fd o2 Aojd gab ohiel A2 A
9 Tl stalksk FAH T Bushgdc) =
Schmidt ¢} Stanier (1966) = actinomycin D, purom-
ycin, streptomycin 12| I chloramphenicol 2+ 22 4
T g AAste Y ELol st stalke)F
3k

Caulobacter Al £+ mitomycin C Haarss, 1974),
penicillin G(Terramas, 1976), cis-platimm(I) di-
aminodichloride (Moore%, 1976) o 2|8l -Hdo] of
A=\ Al e A Asted 244 (filamentous) A E 7}

o
_|_1_

Of
oL 2,

o
|

‘E%Ol

r[r

.,d
o
i
24

3} wbebo Asjul=cln

FAd el Aol Busglel Penicillined] 2| ske] -
ubsl o} a}AbAl L= penicillinaseo 2)8be] tha] B

do] MM swarmer Al E7F A A =6 o] swa-
rmer Al ALAAA Z o] Aubel] dwbEH, 2F st
alk® A= ct2 Terrana$l Newton(1976)-& BT
ah5iel
Aahol

= (effluent) <}
T f7) o8 &4
ool 5 %fﬂl,
el 7 v} (Capuzzos,
chmore g, 1973)
g Fol o
A 2 2kA ol %

v},

1
I

43 &
25

off

ol
o
g

=4
an

AN
T
o] &

] 3

il

=]
R

T B35 grd. Greens (1946, 1948)
Al 2o ebr3tg tHabel] Aol 2HgS st £ aldo-
lasert 42l F8 A&7 Aozt 549t = Br-

ingman(1953) = 47t E coli®] el =433 o

rlo

o7)x vt Basldch, 29 G499 &7z
of &A= s A A2 A8l (Bernades, 1967)

Aol w3l - (Ingols, 1958), Abs)
A&l (Venkobachars, 1977), Al =3+ 7
ampers, 1979)% oz Bast 9o
Aol whAlo = o] 2|
a2 sk ohzt
ulobacter} weol A4k gl
ETER AFshe] AT Azl
A BEgEel o] A
+ Gl At o
+ A1 =
0] Caulobact r A
ke o FaL A

of A
m
io
o/
7 (C
=

L)

Tl
+ o

or

Y
L

2‘1

%

A=
1. A8 Aot O ufeF
4 Agd Ab&at AF-2 Caulobacter crescentus
ATCC #1525224 L &7+ The Ohio State Univ.,
Dept. of Microbiology, Culture collection laboratory
2 R Fofubgtrh, o] 48 Peptone Yeast Ex-
tract (PYE) ata == 8o #f x| (Poindexter, 1964
)E Ab&sted 30ColA FA i oFakoeh
2. Swarmer 4|Z£2| 22|
Caulobacter®] F7t2 Al £
pulation® Staleys (1973)¢] 7R& swarmer elut-
olsto] qlgirh, 250mle] Hol o F-of

d e & swarmer po-

ion technigue|

100mle] PYE §°8 Wi x| 2} & o] 4mmel 8l FF
300g-& ¥ Wask vh-& C crescentuss A %3}31
ok, 30T oA 244 7k v ofRF R oF 2191 “ s PY
E & 2% 4p&ate] R FSef ¥ 5] 2 2

25 FEAZL o mlE FeEE 30T 9
100mlE ¥ 30ColA 1572k W ks o
245 stalked cell2 Hej Hodsle] &
2|5l swarmer 4 £ & F54A 3435}
T U= swarmer A £
5 7 2587 2l sle
chlorine demand-free(CDF)<al 2 =}
At A A4 e Aol &8k ek
ol

Of

[}

:(0

=]
=

o]

q] x]

o] 2}
o A1 2% Gray' s flagella stain(Doetsch,. 1
o8 odAdsl & 1 500w 2] Hsk &0

2 3 90% o] Al—o]

H

ZL

ol

7

pe
(GO

swarmer cell ¢l

=2| FH|
SodJum hypochlorite (6.4%) &} (H-

yo
LR

o

2
©



Kim et. al., ~ Effects of Chlorine compounds on Caulobacter

ayashi pure chemical Ind.)& W33 CDF water®
Apasked A7 = A oﬂ 283 FEE Mt A&
stadvh 994 5= Standard Methods(1976) 2| u}
dof} o]dted F A I-%J/I— Monochloramine-2 Kinman

5 (1976) 2] =iy 9] s}od, chlorine dioxide= Stan-
dard Methods—] dol] 2lslke] Fuisglon TR
DPD ferrous titrimetrie method2} Iodometric met-
hodsll ¢ 51-04 7tz 243t gdel. CDF watersl A&
o] #E @£ E TEAI7IZ $isked 4HE3E sodium
thiowlfatef Standard Methods®| vl o] ¢|sts] F
vl akdvh, Ad ol 487 ## 71 7&-& Chlorine
demandE $iel 7] —rIO]"’:‘ F5 1mg/e8] A4 &
o] 647 &7bE & CDF water® oJzi¥l 4l Halo
A 8okt oh.

4. Swarmer M= 0| CHal B4 L A 518HE2]

A4 L8 27mloll 3mle Swarmer A ¥ fHN &
ool Aedld 182 AN F 58, 158,30
3 Zof] 4mle AZE H3F st 0.05% Sodium th-
iosulfate 0.2m —.E: Arbebe] 2L A4 A8 T

JA 7 ek o] 4
lfatew C. c'rascentus/] 4

] oPoL;]_ A]a-lﬁl_ ol & %
mg/golfor, HE A= 4 Fof 4l
CDF water® AF-&3%tl. Monochloramine} chlor-
ine dioxide®| A= 22 whidl ozt 44AlshY
o},

ol fai® d4+ PH 54d4= A &Y hyp-
ochlorous acid, PH 10| 4 = 7 ¢ # % hypochlorite
ion el & EA35}7] @ Fol| hypochlorous acidethy-
pochlorite ion9} 4 F 35 »l wslr] $3tey, o
4 42 PHE 0.1 N HCl= 0.1N NaOHE «}&
sted 5.0, 7.02F 10,02 ZA3te] 43Sk e},

5. G4 X2l MlES| 44AtnL 235}

Y A4 stgEe MEld Caulobacterdl &

A e oF gl o} & af Welbo Al o] A

= £ A5ty ¢lsted 2.0mg/L29F 4.0mg /4

9] g4 FEelA 1582 el AEE Z7 3.0ml

4 3 5led 27mle] A PYE & wijx]o} E3hsle] 30

TollAd 15417k ok W oketed Al & A2 529 H

3E EFAHG T d4=E AMEls AE B of

Vel Aok 717k Fo] A2 HefHql HIE A
2z v 7 o2 spAkel ol vk

6. WE HE =2 -

P4 ¥ od4 3B A Cauobacterd] A
2ol HEzTY AE AT T ALdA ddd
82 417 343 t}L pour plate methodell 2|3+
o 24359t 42 Mk A5t My 4] zke]
e =

= Wl 3‘&‘%’6]* Al 4 113]51 *ﬂi"l #H o
b

of A7tk el 4y W3 W 23} 3PS e
ek A slelg WA Aol ABE DA &
2lof] T2rgk & Gray's flagella stain Wy oz o

44 3}ed Kyowa Microlux 63-4931 %3k &r|7d o2
1,5000 sl A=) dwl7dom arsts] ¢
A= formvar—% et4 2 3] 9ks]l 300meshe| F#lgrid
o A2& AAT F 1%% phosphotungstic acid=
negative staining-® 3+¢] Joel model JEM-50B = =}
ol o2 50Kve] AYE AFEshed Al

m & =

1. CaulobacierOlf chEt HA2| &7 5ot

C. crescentus? swarmerd] To] W3 FL9
A Z3k= Fig 1 oAk 7ol 1.0, 2.0, 28 14.0
mg/¢2) <44 (pH 7.0);15%7& ekl & o, A4
0.5, 2.5, 23 4.0 log® Al % e A
oh 3037k8] Ml Fol0.5mg/ee] ALelHE 4
TaEI AL gdevt 1.0, 2.0, 22 4.0mg/ ¥4
o FEAAE 42 2, 4 223 4.5log Aol
Zh45] 9l v}

A4 FN e fE g4 S99 *&"é-‘ioi =}
2} hypochlorous acid & -2 hypochlorite ion®] & e 2
EAstEz o] &2 AW FakE vl wsly H‘M o
Lol o] pHE5.0, 7.0, 28] 10,088 £ A3}
Aelstgivh. 2 A3t Fig 2004 o 3ol el A 2k
152742 &= pH 54|41 2] 4 z+&o] pH 72} =k
o pH10e4 ¢ &3k Ao gt 2 302
7ke] 22 Zo&= Al 7kA pHE A 25 1 &3t
Al 2 ol sl A A 2.5~ 4logs] AlTe] A g4 S

B



Kor. Jour. Electron Microscopy, Vol 12, No.1, 1982

01 ——
° 05 mg/l
z
X -1
g
c
e -3
5]
=
bt -—4 -1
.g o 1..0m{.yl
e
3
wn
0 10 20 30
Time in min
Fig. 1. Disinfection effects of chlorine on Caulobacter

crescentus swarmer cells. The swarmer cells

treated with  various concentrations of
chlorine, pH 7.0, were enumerated for viable

cells after neutralizing the residual chlorine

with sodium thiosulfate.
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Fig. 2. The pH effects on chlorine disinfection of

C. crescentus swarmers. The swarmer cells
treated with 2.0 mg/l chlorine at pH 5.0, 7.0,
and 10.0, respectively, were neutralized for
the pH and residual chlorine, and then

enumerated for viable cells.
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Figure Legends

Electron micrographs of negatively stained Caulobacter swarmer cells. A typical swarmer cell (A) has a
flagellum and a swarmer (B) treated with 2.0 mg/l chlorine, pH 7.0, for 15 min shows a flagellum (f)
separated from the cells, but not damaged. Some cellular materials (cm) discharged through damaged
cell surfaces are seen. Magnifications are 24,000X in both pictures.

An electron micrograph of negatively stained Cawlobacter cells which were recultivated for about 4
hours after chlorination. Many typical stalked cells, enlarged predivisional cells, and dividing cells are
observed. Magnification is 14,000X.

Electron micrographs of negatively stained Caulobacter stalked cells which were treated with 2.0 mg/l
chlorine, pH 7.0, for 15 minutes. The stalks are broken and modified on their surfaces (A) and some
discharged cellular materials (cm) are seen (B). Magnifications are 28,000X in both pictures.
Electron micrographs of Caulobacter stalked cells which were recultivated for 1 to 2 hours after
chlorination. Elongated stalk with several crossbands on its was observed in negatively stained sample
(A). Two unstained stalked cells (B) with elongated stalk are seen. Magnifications are 16,000X in A
and 20,000X in B.









