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ABSTRACT: The total and heterotrophic bacterial distributions, compositions and alkaline pho-
sphatese activities were analyzed in Lake Soyang from Sep. 1987 to Aug. 1988.
The heterotrophic bacteria was small portion, 0.07-2.63% of total bacterial number which ranged
from 3.2 x 105 to 3.2 x 10° cells/m/.
The composition of bacterial community was less diverse in summer and at the fish farm site and Pe-
ridinium blooming site.
Pseudomonas and Flavo bacterium were the dominant genera in all sites,
The highest proportion and activity of alkaline phsophatase was appeared in Flavobacterium, while
Pseudomonas was the most predominant group.
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55 QA A FEHod A2 F71ES -3 genic & #Ho] 34w 7] Fch(Atlas and Bartha,
2 AP 715 st £ 3l 7]ofsty 1986).
f25 oJofEAs AW Fstel dFdA o FHol o) Al Lokis H3 Al
o xe AEEA energyd: Fidhe °35—i/°4 9xebm 19720 2 3 AHAAAd T ooE
t}c} s} (Reinheimer, 1985 : Wright, 1978). &3] Ho g AAMdE H| Ay 29959 FIE
1 EAe Frot e FAA Alde] o] (Kim, 1987), = o¥d ol #uk ope} x4 &
o338 v ¢ ~gﬁ6}ﬂ}(W1ght and Hobbie, 1986 : o] Zgelet: AAe WHeME w§ Fo3
Azam and Hodson, 1977 : Fuhrman and Azam, 19 B0tk Aoksol Ag A Al wld
80). olelal v]AEE Al PEel A ¥ FER s FULN T fAlsha alsot A2
EE Fash, SEQPATE Fol TS A Ay Adeld pA Washgle} hE Aol Ana-
v oo gE 4ERA, - AR SRAERS I beena F7F BT, 54 el 15uglel &
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dct v P Eo] Fo] FA Mol FAof wpe} et 2 (Kim and Cho, 1989), A& o2 ¥¥ <l4ke] 9
A, v E-S A ] Wael 12 9] 349 f%0] el H(oF &, 1989 A3 ¥}, 1989)
Hstel uwhe} allogenic § Ho] A& 71AAwL Pofofst & Alol L‘rE}LL otk 53 AlFrt
227 F9 8738 Al ubA] HE A 7] auto- S5 §-Ad Peridinium spp.ol 3% W4
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Fig. 1. Map of the research area and sampling sites in
Lake Soyang.
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AFHE & d7= Cap tubeell &7 &
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by 2ol rle] FA)2 Smiberte} Krieg(1981),
MacFaddin(1980) %! Collins %(1984)<] -
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Alkaline phosphatase EMT

Alkaline phosphatase(AP) #4-S Jelds 3t
T wfeFs colonyell MUF(Methylumbelliferyl)-
phosphate (0.02 mM in Tris Buffer, pH 8.3)& 4l
ol A=A & o] 364nmell A FFS el E co-
lony= &alabelial, TE colonyd o Alvj ofa}od
ZAgE ZA9l7], positivedt colony & Hoj2 Ad
atel AP activity s A8 719l %] B89 (Kim and
Hoppe, 1985)3}f o] && w2 2] 3le PNPP(p-
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Table 1. The results of total bacterial number in Lake Brokis o}l sl d ol 93X 10°—3.15X10% cells/
Soyang. (x 105 Cell/mi). mi(eksl % 1989) wrbis skokr)
Date ST. 1 ST. 2 ST. 3 ST. 4 T oAl Y HEA —?—E—Eé*il o] F Ay
1987. 9 11.87 12.23 8.33 11.34 P‘ :‘f}o j}ﬂ 7t O‘f‘i(lwm“  1’9—:8) {1 E 7%0*
1987. 12 9.21 8.15 6.97 6.76 oo e autolysis=. < 1Bket Al 2]
T ol FrhE Mate 7k ARl (Rie-
1988. 2 4.68 4.81 6.38 3.19 mann, 1983). ole]gl Al & ZekE0) nk g
1988. 4 5.67 5.79 4.36 8.03 ol o] Aol Zulal Ao elmE AlRE Y-
1988. 6 7.32 9.92 6.62 8.98 slojvtoh . HoEleh( 73 7, 1989). B ol ke
1988. 8 13.29 9.13 31.89 9.21 iz Al B A TR Eel bS] SAlgk 64 t!

8ol A 3of 2] 32x10°cells/ mlZ vel} F
lgp HEoll AEA ZwAaE fd o 89 v)

P_NPP(OlmVI) 02 m/e H7)sled 25‘;‘”} o244 sholslis Ao alg¥c)
ab wbgd Ak v b Ealn R psoiobal i 025X 107 - 174X 10' CFUS/ mi ]
gt li’if’—ﬂi WkS Feoll s3I A (420 nm) 2 R

}L]LHU‘] ;ﬂz ui zioini = g q]ﬂ-g} 5!

A dEl PNPel =wi Ak BAsisid. Wi A ok Sabal 7 chlgleh, AR Hel By
el Zx& Autoanalyzer(Skalar analytical BV ! 0] o v A 6ol A L)
Model SA20)% o] g-afgiow Aol Ay Abel& ghlgdizd) 1 wElEe & o4 qre] A wch "4
W alshed A& 9] optical density7} 0.1 unit 2] Ak gk 2 Ao A Aol 6, 8ol 43
A2 ¥ PNPe] %% alkaline phosphatase®] £ A7 A2 Lhebd wbwlel] £ & odokal e ‘l o
e Akl ol 4 6ol Highs vhehd :
sebasst yaer 2l
Zao o nF gkl Akl §

1} d zl u '3011 H E =3
O|AHE 23 LFEPH%W $8k A 7,* 1»’% 20l 4 F Mt M)
Z A)4F4(total bacterial number) 2] F-® 2l SrEkgl o 5‘:’%}‘”0‘ Ao # Zoﬂ A A 18t
319X 10" —3.19X 10° cells/ m/ 3} 2., 29 f4a of 2uj 2] %?:-' = o, g o] 43 vk
A gol] d HAAAE welow, 8y A 3ol A & Atk vhe tﬂ WA E2 FEHd kA
HaA s "EPLH‘”L” Feo] ke Alvlel F A Ea g Syare] HA A

b ek, o) s ahE A 3 2 sroje} FEx)
CE I IS *ﬂ {f*r‘*f’] Fob Kol 6, 8% 3 gaofol Aol F Alatgol oigh wlEg A
a5 vhebd sk B peridinium SPD.?] bloo- Aodw g el A lel Ay 1% olstE Al 71
minge] WAl sk A3 3ol M =g ghs bl s ok 6ol AR} FylE s A
o WEE L ot A Ak 2ch(Table 1). ©] 23} 20f) 4] 1.35%2] ul & i‘ﬁ#. Peridinium
e wakpAe B i washd e blooming© ] Aot i E —r»%“a‘o‘! 44.0 pg/icl A A

5o 03X10°— 131X 107 cells/ mi(akt o], 1988) 33 -9l 49l A A 4ol A}3= 7H7F 1.35, 2,63, 1.30% 2]

Table 2. The densities of heterotrophic bacteria (x 103 CFUs/mi) and its proportion to total bacterial number (%) in
Lake Soyang.

Date ST. 1 ST.2 ST. 3 ST. 4

(%) (%) (%) (%)
1987. 9 0.87 0.07 2.44 0.29 1.40 0.12
1987. 12 0.50 0.05 0.57 0.07 0.98 0.14 1.53 0.23
1988. 2 0.25 0.05 0.71 0.15 10.50 1.65 2.20 0.69
1988. 4 4.37 0.77 1.30 0.22 1.03 0.24 2.63 0.33
1988. 6 2.70 0.37 13.37 1.35 17.40 2.63 11.70 1.30
1988. 8 2.02 0.15 2.40 0.26 6.50 0.20 6.80 0.74
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Fig. 2. Relative proportions of dominant genera isolated
from Sep. 1987 to Aug. 1988.
(1: Pseudomonas, 2: Flavobacterium, 3: Aero-
monas, 4: Acinetobacter, 5: Enterobacteriaceae, 6:
Vibrio, 7. Others).
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Fig. 3. Relative proportions of dominant genera at four
sites of Lake Soyang.
(See the footnote of Fig. 1).

Table 3. The Shannon-Weaver diversity indices of
isolated bacteria from 4 sites in Lake Soyang.

Date ST. 1 ST. 2 ST. 3 ST.4  Total
1987. 9 1.426 1.660 1.556
1987. 12 1.352 1.792 1.807 1.809
1988. 2 1.544 1.691 1.847 1.833 1.829
1988. 4  1.492 1.809 1.717 1.737 1.794
1988. 6 1.178 1.153 0.982 1.206 1.304
1988. 8 1.691 1.345 1.710 1.278 1.607

A o] M F FAE AuEe Fa Az e
L zfo]l= WA 5= sl ew] Pseudomonas, Flavo-
bacterium, Acinelobacterol] 23+ A f-8&o0] AA #
2 oF 80%5 =FA| 8Fd oh(Fig. 3). Xézd 17 A4 4
ol /1 == Pseudomonase} Aeromonas7} A 2, 3H.t}
B2 HEs A e A 39 A$ g oA
o ¥} Acmetobacteﬁ} ol 16.8%5 =} |3 "l o
A 19 A5+ 5% £3) A 2004 Gram
positive Al 3} o} 2 F77} ebx] o] H} wekon
(11.3%), A4 4| A& Pseudomonas’} 35.7% Fla-
vobacteriume] 20.1%E 2}X|sle] A 19-HF3} A 2
FHFR] zpe) 7} 15% ol Ao 2 g AR} 7
oo ol FAWMEY  Pseudomonas$t Flavobacte-
rium @) origino] Eeofolgt: AL Az u| §-94
T8 Eokfgled uE °3°k°]\4i et
zH A wE FEodokAle] TR kA
2] 4=(diversity index : Shannon and Weaver, 1963)
o] WistE Hwl AHxx 0982004 1 1.8477}
28] WistE el o v (Table 3), A2 4
ol AgolE ¥y ¥ e B o
e Hodrh 53] 6o AR thokAg
A =7} wholA] = dHAS 10 FTE kAt v &
Hatel 72 wistE el H?dfjr ol#igt Az
FZolv F71E S99 s ecle o8 Ags
Hhe Aol e 2 2 8d 101 ZEo] thefadol
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Table 4. The number of alkaline phosphatase releasing strains of each genus and their alkaline phosphatase activi-

ties in Lake Soyang.

Site *Ps Fl Ae Ac En Vi Ot Total
ST. 1 9 6 6 2 4 0 3 30

ST. 2 17 5 1 3 2 3 39

ST. 3 11 2 4 4 5 30

ST. 4 13 21 8 3 6 4 2 57
Total 32 55 21 10 15 10 13 156
APA** 2.2 4.1 1.3 0.7 0.8 0.7 0.8

*Ps: Pseudomonas, Fl. Flavobacterium, Ae: Aeromonans, Ac: Acinetobacter, En: Enterobacteriaceae, Vi: Vibrio, Ot:

Others
**APA: Alkaline phosphatase activity (mM/1/hr)

7 el 2o (Atlas, 1984) ¢b = ol A ghc.
B3] NEA gzEe] o HAe] sle A4 39
6ol i= diversity index Fro] 0.982=% AA 9 F
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AE eR ek o] Aol 3 el A
Flavobacterium % Pseudomonas, Aeromonasol 2]t
alkaline phosphatase®] #Ajo] & o 4 g9lov
Flavobacterium>}  Aevomonas<}+ =&
nas 2l A A group % alkaline phosphatase

Pseudomo-

oT\
gAdS epllE Aol Blgo] vi§ et AA
MA 7} Be AzpE o] alkaline phosphatase

CR

A e
7k A1 G 7ke] FulAlf v g AsEy YA 29
40| A = Pseudomonas, Flavobacterium, Aeromonasol|
o5k v]o] 70%S A3lEht HA 32 A$ 50%
olste] R E Rol AA7ke) FHA 7 wigte]
12 alkaline phosphatase 1] H]%LEJ Z= A
o o} FEod oA %

1’35}7} %i‘}i_‘lb}, alkaline phos-

o glSs
FA o= A AA
Ao vl 2 W

phatase & H-8] 3=
Fa kAl ebwdh
= Alkaline phosphataset 7]l 4tell 4] F-7]
Aited-g SEAIFE AR A glo] F-ecksto
Ag 949 FFEAgA = v T’ a4
s]th(Chrost and Overbeck, 1987). %-& plankton3}
bacteria’} F-7}ele]l H-%3g 4efed uf phospha-
tase S H-B]38}= autogenic § FHe] H#o] gl
(Atlas and Bartha, 1986), phosphatase 4] A<
Hg gl FAEE p3bd ule] el #H el ule}
W 7reb Al Vel Al ok (Wynne, 1981). 58] Peri-
dinium &} bloominge] oloiiii= 44 3of A += Alka-
line phosphatase 2}4 472} 1]g&-o0] vk ujF-of o]
A1 2] fr7)elatkeg Falloll Alare] A Fhas vl E-o]
A7) A estre 10% vigbe 2 vjebyteR(ak,

tow
SE LS

ol



Vol. 28, 1990 Alkaline Phosphatase Releasing Bacteria 209

5 2

19874 99 el 1988 8U7HA aFE 4 AN F AFs, FHAGAEr Lx9} 2 F9 alkaline
phosphatase®] 1] Bl&¥ FAHEZ ZAstdch F ATFE 32X10°—32X10° cells/ m/ 9] Ao, F<5d FA
#9] & AT 007-263%01ch FE5AGATE F FIHL A5 AW A2, Peridiniumo] LA
o) A wkokch. Pseudomonas, Flavobacteriume 5 o)A $-4F o & Jepbdr} Alkaline phosphatase 3 1] 3h=

v g3 SAEE Flavobacteriumo| A EA vehd, f7104dd el A4 F 7HE 2 74E ke AeR

g3 3ot

228 nol. 22: 59-166.
15. Kim, S.J. and H.G. Hoppe. 1985. Microbial extra-
1. 7335, 7442 1989, ackz oA A+ +3H Y cellular enzyme detection on agar plates by means of
2y 2 A Ao JF W a8 fluoregenic methylumbelliferyl-substrate. Prog. 2nd.
8] 7). 22 . 199-21. Int. Coll. Mar. Bacteriol. 175-183.
2. WA =234, 3¢9, 754 1989, 2okE F 16. Krieg, N.R. and J.G. Holt. 1984. Bergey’s manual for
ojoFste] olwlal o], qF S58H3 A, 22 systematic bacteriology. Williams and Wilkins.
151-158. Baltimore Maryland.

3. atelAl, o] % E, 1988. FE T 43 ) of 42 17. MaCl‘ja.ddifl, J.M. .1980. Bi(?chemical test's' for
oA E B 9 BAE, T u|YEea)A]. 25 1dent1f1.caTlon of r.nechcal bacteria, 2nd ed. Williams
and Wilkins. Baltimore Maryland.

230-236. . . .

4. Qbel Al 7)WA, Zp4 1080, 2ok 5 el 4 9] Alka- 18. Pomroy,.A.J. 192?4. Plrect cs)untmg of bact'erla pre.-
. . . o 2l = served with Lugol iodine solution. Appl. Environ. Mi-
line phosphatase ¥4 2} kinetics. &t= 5§38} 3] crobiol. 47 1191-1192
2. 22 : 219-226. Y i

N 19. Porter, K.G. and Y.S. Feig. 1980. The use of DAPI
3 mgas o 2 Ry g

5. refA, i‘—rf 3 1989. ?’} ° 39 ?] e TE A for identifying and counting aquatic microflora. Lim-
A=, b= AR A5 30-34. nol. Oceanogr. 25: 943-948.

6. 751%3);, t"}%q}' 1989‘» i"f}: = 79,?‘.01] ‘#%? 20. Reinheimer, G. 1985. Aquatic Microbiology, 3nd ed.
e = Feist §27beAel st} s John Wiley and Sons. 158-159.

33 A 227 261-271. 21. Shannon, C.E. and W. Weaver, 1963. The mathe-

7. Atlas, R.M. 1984. Diversity of microbial community. matical theory of communication. Univ. of Ilinois
In Advances in microbial ecology, 7: 1-47. Pess, Urbana.

8. Atlas, R.M. and R. Bartha. 1986. Microbial ecology. 22. Shewan, J.M., G. Hobbs and W. Hodgekiss. 1960. A
2nd ed. The benjamin Publ. 72-73. determintive scheme for the identification of certain

9. Azam, F-_ﬂﬂd R.E. HOdSO_ﬂ, 1977. Size distrubution genera of Gram-negative bacteria with special re-
and activity of marine microheterotrophs. Limnol. ference to the Pseudomonaceae. J. Appl. Bacteriol.
Oceanogr. 22(3): 492-501. 23: 379-390.

10. Cho, K.S.,I?.C. Kim, W.M. Heo an.d S.J. Cho, 1989. 23. Smibert, R.M. and N.R. Krieg, 1981. Manual of
The succession of phytoplankton in Lake Soyang. methods for general bacteriology. ASM. Washington.
Kor. J. Limnol. 22: 191-198. o ) 24. Wright, R.T. 1978. Measurement and significance of

11. Chrost, K. and J'. Qverbeck, 1987. Kmetlcs. of ?lkahne specific activity in the heterotrophic bacteria of
phosphatase activity and phosphorus availability for natural waters. Appl. Environ. Microbiol. 36:
phytoplankton and bacterioplankton in Lake Plu- 297-305.

Bsee. Microb. Ecol. 13: 229-248. o 25. Wright, R.T. and J.E. Hobbie. 1986. Use of glucose

12. Collins, C.H. and P.M. Lyne. 1984. Microbiological and acetate by bacteria and algae in aquatic ecosys-
Methods. 5th ed. Butterworth & Co. 56-113. tems. Ecology 47: 447-464.

13. Huber, A.L. s?nd D.K.A Kidby. l?8_4. An examination 26. Wynne, D. 1981. Phosphorus, phosphatases and the
of the factors involved in determining phosphatase ac- Peridinium blooming in Lake Kinneret. Verh. Inter-
tivities in estuarine water. 1: Analytical procedures. nat. Verein. Limnol. 21: 523-527.

Hydrobiologia. 111: 3-11.

14. Kim, B.C. and K.S. Cho. 1989. The hypolimnetic (Received April 4, 1990)
anoxic zone and the metalimnetic oxygen minimum (Accepted August 30, 1990)
layer in a deep reservoir, Lake Soyang. Kor. J. Lim-





