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Abstract - In an artificial pH-gradient batch culture system, the author analyzed the
effects of acidification on the species composition of heterotrophic bacteria. As the
result of this study, it was found that the numbers of total bacteria were not affected
by acidification and that the population size of heterotrophic bacteria decreased as pH
became lower. The heterotrophic bacteria isolated from all of the pH gradient were 12
genera and 22 species, and among them, gram negative and gram positive bacteria
were 64% and 36%, respectively. As pH decreased, the distribution rate of gram nega-
tive bacteria increased while that of gram positive bacteria decreased. Regarding to
distribution rate of genuses in each pH gradient, 13 genuses appeared at pH 7 while
only 5 genuses appeared at pH 3, which means that the diversity of genera decrease as
pH decreased. The activities of extracellular enzyme showed the ranges of 0.008 ~0.292
uM I-! hr! in bioreactor system. The enzymatic activities decreased rapidly below pH 5
and then sustained 5~38% at the lower pH values.
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93F& Gr1sl7] $isted, 7 pH 73 M2 A3 A=
2 XE lipase, phosphatase, amylase, cellulase, -
glucosidase ¥ chitinase2] A =F &R dl¢] o, o] &
MESY &AL ¥e 712 Z+7t 4-methylumbel-
liferly (MUF) butylate, 4-MUF phosphate, 4-MUF-o0.-
D-glucoside, 4-MUF-p-D-cellobio-pyranoside, 4-
MUF-p-D-glucoside @ 4-MUF-N-acetyl-p-D-
glucosaminide 52) §B7)AS AHgseich A &
4348 24e Aze) WgrlAe smMel B
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o] 85}y Excitation2 365 nm, Emission2 450 nm<]
ZANA ZAsle v} (Hoppe 1983; Somville 1984). 7}
49 A ©¢ (unit)= Emission intensity2} 71212
B2 I3 W-SAIZEE $HAksted uM [t hrolz el
ek (29} ©] 1996).
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Table 1. Physicochemical characteristics and bacterial
population of Wangsong reservoir and pH gra-
dient microcosm

7 6 5 4 3
pH 7.49* 5.88 4.88 419  3.09
Conductivity
(mS/Cm) 0.48 0.52 0.57 0.57 1.02
Turbidity
(NTU) 124 130 73 55 34
TOM (mg L-1)® 517 612 557 467 476
SS (mg L-1)e 0.74 0.79 0.91 0.87 0.77
POs(ug L) 0.42 0.52 0.37 0.51 0.30
NOz(ug L'1) 0.037 0.031 0.019 0.021 0.015
NOs(ugL-) 318 257 134 126 1.8

NHy(ug LY 0.0t 013 203 232 227
Total bacteria
(106 cells mi-1) 2.42 1.24 1.05 0.77 071

Hererotrophs

(101 CFU i1y 627 223 089 071 0.3

2 Mean values, » TOM, total organic matter, ¢SS, soluble sugar

Distribution rate(%)

) G(+5 ' uG{-) J

Fig. 1. Comparing the distribution rate between gram
negative (G (—)) and gram positive (G (+)) bacteria
according to pH gradient. Regression equations
are as follows: G(—),y=4.96x +-0.96; G(+),y=—
2.32x 1-83.82.
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A He Aoz od8x ¢lup(Mill and Mallory 1987,
Schindler et al. 1989). Dugan et al.(1970)o] 2lsbd Al
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Micrococcus, Sarcina, Escherichia, Aerobacter, Thio-
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18]35 pH 3o A= Providencia<o] 40%= 7}AF wlol
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pH 49} 30| A= A3 233tx] dLo=zn A3} =74
off W17tat Foz A pH T3t o $3F9)
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Table 2. Summary of the change in size of heterotrophic
bacterial population according to pH gradient

pH7 pH6 pHS5 pH4 pH3

0
0

o
(]

Proteus mirabilis

Proteus vulgaris

Proteus spp.

Pseudomonas stutzeri
Pseudomonas fluorescens
Pseudomonas aeruginosa
Pseudomonas spp.
Aeromonas sobria
Enterobacter cloac
Enterobacter aerogenes
Serratia spp.
Staphylococcus auricular
Staphylococcus cohnii
Staphylococcus sciurii
Staphylococcus haemolytica
Staphylococcus epidermidis
Staphylococcus spp.
Bacillus spp.

Providencia spp.
Providencia rettgeri
Corynebacterium spp.
Actinobacillus spp.

Vibrio spp.

Morganella morgnii 2 8
Unidentified 11 13

aNumbers represents the percentage of species in each pH
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phosphatase$} lipase?] #Alex= z}z} 0.008~0.169%}
0.015~0.292 uM -1 hr-12] WF= ey} p-glucosi-
dase 8A = 0.01~0.141uM /"t hr!e] ¥F= pH 6
o|stol| A FA3] BA =7} At Amylases} cell-
ulase A == 0.01~0.135 2 0.011~0.115uM /-1 hr!
o WF=2 74zt HA 514 A4 stell whet phosphatase
E AlE 2E ME8 &24F pHeA ¥ 1 84
o] §43] a3l ew, pH 5 o]dleM: WEgz 3
Absle] vlwd o) 5~38%2] AL vieplii=d 13

sasdt BoR A2z 49 27180 9% @
F9o] Lem, A Exohe FEIPATH 42
B4 Pulse SoE) o ¥ HctHoppe
1983). $712) 95% ool WA, k7 R ol 2]
2 53 &2 3EA BA2 7AH] deuz Az
x4l ool ARUo Aua Bz ¥ F AT
o) o1 gsARG o]l AL EAE dhoz 4
& pH, 7149 B 5 2L B - HGHA 237
of T B42el) o e W Aow LA
g2 (Chrost 1989; Sinsabaugh 1994), 2 A3 A=
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Fig. 2. Changes of exoenzymatic activities in pH-gra-
dient bioreactor system. PHO : Phosphatase, NGL
: Chitinase, BUT : Lipase, BGLU : -Glucosidase,
AGLU : Amylase, CEL : Cellulase.
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