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ABSTRACT

Water samples were taken at 6 stations from the mouth of Keum River to Kogunsan Archipel-
ago of West Sea during December, 1991 to August, 1992, to determine the distribution of hetero-
trophic bacteria, their biovolumes and heterotrophic activities,

Heterotrophic marine bacteria ranged from 1.0 X 10°to 5 X 10°c.f.u. /ml. As for morphological
distribution measured by epifluorescence microscopy, rod-shaped bacteria were between 45% and
72% of all cells during investigation period. Average biovolume of sampled bacteria ranged from
(7.69 £ 0.18) X 1072to (8.18 + 0.38) X 1072 um? for coccoid bacteria, and from (6,09 + 0.29) X
1072to (7.72 £ 0.41) x 1072 ym®for rod-shaped ones.

The activities of extracellular enzymes ranged from 0.01 to 2.6 M /1 /hr for glucosidase, from
0.01 to 2.83 ;M /1 /hr for amylase, from 0.01 to 8.86 M /1 /hr phosphatase and from 0.01 to 0.94
#M /1 /hr for chitinase.

Extracellular enzyme activities were higher in summer season than in other sampling periods,
and phosphatase showed the highest activity among measured extracellular enzymes. Bacterial
distribution and their extracellular enzyme activities were associated with water temperature and
organic nutrients, but bacterial cell volumes showed no direct relationship with extracellular en-
zyme activities,
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Fig. 1. A map showing the sampling sites,
2ol M 79U lFate] FAFE A stat,
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Ao A 43 AJEE formalin(2%) o8 1At HA¥A= 2% 3 Sudan black B
(Merck) 2 wial g4 ¥ polycarbonate membrane filter (Nuclepore, ® 25 mm, 0.2 um pore
size)ol A& 1 mlE o343k &£ thA] 1% acridine orange(Merck) €9 1 mlE 7}s) o #=]7}
bA ] F71A she] 582 A & ot dAE ARR = FUIFAM dR2AA P3d
n] 73 (Diaplan, 2500%, Leitz) 22 o Td A7l @719 A RS 2ot A7 279k A&
2 gy el veld 20 fieldg R 2 Y et Aled & Hastdd

MEe sAENE 23

AEL] Tho 42 AeA ¥wy de] Exsi sjFAeAe SAYNAE nundg &
U 4% MES 48 MYsigon, o5& 7] AalA] 459 FF7E & AT
(Table 1). Standard curverx MUFZ methylcellosolved]| ¢l & Z&F 4] 2z} 3x¥z H7
ste] HES ESAE WS 7t A (Fig. 2). 7+ w8713 9 stock solution 5
mM /1 5 Al methylcellosolve(ethyleneglycol-monomethylether; C;HgO-)oll 3o —20C 9 ¢
Ao A B@stel G284 2 A AR 5 mid ZF kg7 E g88 25 M HA Frhet, 4
Al B9 A weAlZl B G484 wE ¥ B8 spectroflucrometer(Jasco, FP
—770)E °]&3te] thgo] ZstA ZA st (Hoppe 1983, Kim and Hoppe 1986,
Somville 1984); Excitation: 365 nm, Emission: 450 nm, Ex SBW: 5 nm, +Em SBW: 5
nm, photomultiplier tube voltage: low, sensitivity: X 100.
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Table 1. Fluorogenic substrates used in this study

Substrate Tested enzyme
4-methylumbelliferyl-N-acetyl- N-acetyl-8-D-glucosaminidase
B-D-glucosaminide (chitinase)
4-methylumbelliferyl-8-D-glucoside B-glucosidase
4-methylumbelliferyl-phosphate phosphatase
4-methylumbelliferyl-a-glucoside a-glucosidase (amylase)
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Fig. 2. Standard curve for the determination of extracellular enzyme activity.
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3.79 X 1 c.fou /mlE Hl A & ghs 19l whel, 11976 398703 = 213 X 100 ~ 3,15 X
104 c.f.u. /mle] ¥ F oM Walale] A2 & b S g 2k $9 5492 R4
rxE upg o)A Aol MEE 7] wiiol] el b} A Fe] S gl E elE A
o}, AAddE 4w, AW 12 6.96 X 108 ~ 4.89 x 10° c.fu /ml, AHE 2+ 2.3 x 10* ~
2.55 % 10° c.fu. /ml, A& 38 3.3 X 107 ~ 526 x 10° c.fu. /ml, AH 4= 25 x 10?2 ~ 4.2

o 714
l%%%@ﬂ&§QHmﬂ-£q A
W&



March 1994 Lee ¢t al. : Heterotrophic Bacterial Activities in West Sea 83

6
s Zis: BBsa 5
M ss  [lllse A3
5|

S SUNNY
AARR R RARA]

Population density
IS

o —-w

11
'91 ‘92

Month

Fig. 3. Population densities of heterotrophic bacteria at each sampling site during surveying periods
(x 10° c.f.u. /ml).

x 10° c.f.u. /ml, A4 5% 2.13 X 102 ~ 2.35 x 10° c.fu. /ml, ZH
10° c.f.u. /mie] WA walgch Bd 13 2014 &9 ge o 5
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o] Wz Exatgc). st7e] RS FHAME T REuEy ke EXY
o7} AP ont, st A ol e FFEFE e vE
(Table 2). 3+A FA o BaAH FFo] (7.69 £ 0.18) X 107 ~ (818 £ 0

amte] WA, ZH#ol (6.09 £ 0.29) X 107 ~ (7.55 % 0.43) x 1072 um?e] W F=o A 8}
sted Tk 0 7] HE A F S Ak zbelzt il (Table 2).

$7 FBau] 4 Wol &) 2HE AT ARH EFE AHRH, ZAMF F 7T 2l ~
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Table 2. Cell shape and observed number of samples from November, 1991 to August, 1992 for the de-
termination of bacterial cell volumes in the sea near Kunsan

Coccus Rod
Site Observed Average Observed Average
number (%) biovolume number (%) biovolume
(X 1072 pm®) (x 1072 @m®)

1 1,159 (55) 8.18 = 0.38 959 (45) 6.09 + 0.29
2 963 (42) 7.89 + 0.36 1,332 (58) 7.13 = 0.33
3 732 (39) 7.76 £ 0.18 1,119 (69) 7.23 £ 0.37
4 1,007 (37) 7.74 £ 0.18 1,707 (63) 7.72 £ 0.41
5 748 (35) 7.69 £ 0.18 1,375 (65) 7.77 £ 0.36
6 577 (28) 7.76 £ 0.31 1,511 (72) 7.55 = 0.43

Table 3. Cell shape and observed number of samples from November, 1991 to August, 1992 for the de-
termination of monthly variation of bacterial cell volumes in the sea near Kunsan

Coccus Rod
Month Observed Average Observed Average
number (%) biovolume number (%) biovolume
(x 107% pan?) (X 1072 @m?)

Dec. 771 (21) 8.18 + 0.32 2,838 (79) 7.61 £ 0.27
Mar. 652 (42) 7.62 £ 0.05 902 (58) 7.32 £ 0.41
Jun. 1,842 (58) 7.45 £ 0.11 1,324 (42) 6.87 =+ 0.35
Aug. 1,921 (35) 8.10 + 0.67 2,938 (61) 7.28 = 0.42

Z71E 7] AlFebe] 59ellE 0 ~ 0.95 M /1 /hre F7%4e] Feeiz)7] Alzglon, go
1.83 ~ 3.49 ;.M /1 /hro.2 713 & S Ued o (Fig. 4A). At gtpol A dolxe A
4,5 69 HLE0 ~ 0.99 LM /1 /hre) W3ola Wstsie] AA 1, 2, 39 vl Awrdoz
2o ke Hon 8w 0.67 ~ 0.99 LM /1 /hr2 tha & & vER

2) Amylase

Amylaser 48730 vlste] FAGAHANME ofF @& TR EXster 2 AgelA

SAe o] Je-g wo] Wi & A FHoA vwA A vERG WHE djge s 2
%ii &=tk Amylases, Fig. 4BolA B+ vl o], W3 0 ~ 3.80 .M /1 /hr
o A Hstatint A Es A 1ol d HiF 0.73 M /1/hr, BH 2% 1.16 M /1 /hr,
H 3L 045 pM/1/hr, BHE 48 022 M/ /hr, AHE 58 0.14 M/ /hr, A 62 0.08
M /1 /hre 2 vebstony g9lo) el F A 2014 3.80 LM /1 /hr2 ZA8F) 7V &
bie=1
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3) Phosphatase

Phosphatase & @& 0 ~ 11.95 M /1 /hre} ¥ Foll A M astd ) (Fig. 4C). FHER 45
B A 12 Wl 2.53 M /1 /hr, A4 2% 1.72 M /1 /hr, A3 3& 2,45 M /1 /hr, BH
4% 2,49 M /1 /hr, B8 55 3.2 M /1 /hr, HH 62 1.36 M /1 /hr 2 vpebitth Phospha-
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Fig. 4. Monthly variation of extracellular enzyme activities during surveying periods
(A: glucosidase, B: amylase, C: phosphatase, D: chitinase).

tases B 65 AQdstne A 2AFHANA =A vetsith dEss 11954 38R 3
S E2EAHE Yot 480 HAEDA 0.9 ~ 6.65 M /1 /hre] WFol A F7hatr] A&
&tof, 69l 1.03 ~ 11.95 M /1 /hr 2 714 58 & 2vh AR 11958 4874 =
72t B Ak 2ol & AT 7 Uk 5EFE 78 7R ol A FH(EH 5
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4) Chitinase

Chitinase¥ chiting chitobiose® #38jA]7]3 chitobiose: chitobiase (N-acetyl-8-D-
glucosaminidase) o] ¢]s] N-acetylglucosamine©. 2 7}+#32 9 o}t B Ao} A chitin-
ase®] &4 & 4-methylumbelliferyl-N-acetyl-8-D-glucosaminide 7] 2§ 3 7}éto] A st}
ZA}717t & chitinased] 4L 0 ~ 1.25 M /1 /hre] Wo A WaEsidet. AdEe 4dn
W, A" 1 3 HF 0.27 M/l /hr, BH 22026 M /1 /hr, AF 32015 M /1 /hr, AH
45 0.08 (M /1 /hr, AE 55 0.06 M /1 /hr, B4 62 0.04 M /1 /hr 2 YEFT glucosidased]
Mo} vl vt 2 E el 7R o] sfel HA HHel vl Edo] =g ¥ & UG
(Fig. 4D). AFEE+ A9l 0. 056 ~ 1.25 oM /1 /hre} W FEZ Jeht ME gih8Ado) =
29 FAE 0~ 0.16 M/ /hr2 HwA e grg Bok vtz ez 73t o](1992) <l
oja A AL el B # Eol A 2] chitinase 4 Wk ¥ e el
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Amylase ] &2 glucosidaseo] Vel Z e} vlzrlx g2 slqtol] 91 E A YA B2 gt
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#zHR A Y FR I olf e AECE FASARTE HHE ¢ go] &3
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