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ABSTRACT: The bacterial secondary production was measured at 6 sites of Lake Soyang in October,
1989 by 3H-thymidine incorporation rate. Verification for the method of bacterial secondary produc-
tion measurement showed that 3H-thymidine incorporated into DNA, RNA and protein by average
percentage of 38.45, 42.27 and 20.07%, respectively. The more increased incoporated 3H-thymidine,
the more increasde DNA fraction, but protein fraction was generally low. Incorporation of rate of
3H-thymidine. 3H-leucine into protein correlated with protein fraction of incorporated 3H-thymidine.
Conversion factors were calculated as follows; 1.83 x 10?0 cells/moles of thymidine incorporated/hr
and 1.69 x 1022 cells/moles of leucine incorporated/hr.
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Fig. 1. Map of reaserch area and sampling sites. Red
tide occured at St. 4.
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Fig. 2. Flow-chart for the macromolecular fractionation
of each cellular components.

MEE Agsiedoh(Fig .

e oFolAd ok 2m(HA 399 30m HE
(84 3B), Ade] x99 EEL(HY 499 2m
ol A R(HH 4B) 5 Agddon, F HH(HA
3% A 9 F7ke] He A 2m(AH 45)
2 30m(AH3H 4B) ¢} control 4] H < 2m(4H 1S)
Zolel Alg& A5shqdc),

Ard A8 4T Aol Zupz APAR
gbato] B-Asbodvh AlEef oidt Eejsbebx aqle
standard method (APHA, 1985)e) u}e} oje}ei s}
P54 ¢k& spectrophotometer(Shimadzu, UV-
160) & AMg-sked ZAsidct & Ad4e 2L ac
ridine orangeZ H43slod dalu]7d sl 4] A4
slcH(Watson ef al., 1977 ; Austin, 1988).

Mg OlxlgAle] &£H

Agt-2] o] 2P AHE A5 7] 9)5bed 20 um9 sieve
& Ab4 o348t 2| gol| [methyl-*H]-thymidine(NEN,
specific activity 822 Ci/mmole), =+ [3, 4, 5°H]1-
leucine(NEN, specific activity 153 Ci/mmole)°] 7+
7 HFE57l 5nMI} 1nMe) HEE sk F,
R ol A 1425k sl eFstein) o8 2(set) 9
Al&ell = nalidixic acid(Sigma) & 5ug/m/e] Fr @
ool 2 &g wlashyich wloke) Byl x| gi
the-2) whyo 2 Helahedch(Fig 2).

Ice-cold TCAZ| 2]

4c2 Y7hel 10% TCA £ 20miE #7413 ¥,

)
e

30+4-7}F macromoleculed F23s+¢lc}. 271E macro-



320 Kim, Kang and Kim
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Table 1. The rate of thymidine incorporation into each cell constituent and its ratio to the total incorporation.
Incorporation rate (p mole/L/hr) Ratio(%)
Site
DNA RNA Protein Total DNA RNA Protein
1S 6.72 8.96 1.28 16.96 39.62 52.83 7.55
35 32.04 39.04 7.04 78.97 40.57 50.51 8.92
3B 1.99 3.58 0.66 6.23 31.94 57.46 10.59
4'S 13.12 33.97 2.97 50.06 26.21 67.86 5.93
4'B 5.10 11.78 1.60 18.48 27.60 63.74 8.66
48 58.75 36.07 5.54 100.36 58.54 35.94 5.52
4B 62.72 28.12 8.08 98.92 63.40 28.43 8.17
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Table 2. Incorporation of thymidine and leucine into
protein fraction with and without addition of
nalidixic acid (NA, 5 u g/ml concentration).

Site Incorporation rate (p mole/L/hr)
Thymidine incorporatin  Leucine incorporation
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Table 3. Effects of nalidixic acid on the incorporation of
3H-leucine. Decrease in incorporation rate
was expressed as percent ratio. Negative
values mean the increase in incorporation
rate.

Without NA~ With NA  Without NA  With NA

1S 1.28 1.25 0.33 0.50
38 7.04 6.68 22.33 13.06
3B 0.66 0.47 0.91 0.88
4’S 2.97 2.54 5.38 4.73
4'B 1.60 1.03 8.27 9.20
45 5.54 5.22 7.18 5.89
4B 8.08 6.36 1.96 2.21
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#]ghc}H(Spearman correlation coefficient r=0.9874 :
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4, DNA2} RNA9| AAHEZE Eilo zgs 4
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Percent decrease of Percent decrease of

thynidine leucine
Site incorporation incorporation
DNA RNA Protein in protein fraction
IS ~43.27  26.76 1.90 ~27.44
is 26.18 45.14 5.06 41.55
3B 23.33  49.61 28.40 2.47
4’S -63.60 53.32 14.51 12.21
4'B 37.24  23.99 35.70 -11.32
48 -1.22 5.35 5.73 18.05
4B -2.88 -11.07 21.24 -27.44

Table 4. Analysis of variance of each treatment

DF SSR F value Pr. F

Model 7 1.82x 10U 4.35  0.0003

Treatment 3 1.80x10M 10.05  0.0001

Nalidixic acid 1 B8.79x108 0.15 0.7022

Interaction 3 1.04x10° 0.06  0.9815
Error 104 6.21 x 1011
Corrected 111 8.04 x 10N

R2=0.2267 Coeft. of variation = 158.608

*Under the 99% signification level, each (reatment was
stastically different. But nalidixic acid treatment and its
interaction with each treatment were not different each
other.
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o, H-leucined 7%+ 169X10% cells/moles of
leucine incorporated/hr& A4t gde}. o] k& A A
vlaslrle olE), ekl Ak celld)
ARuge B Felx Hagl gl 0.0V/hrd

=

KOR. JOUR. MICROBIOL

A}sbch(Fuhrman, 1980 5 Bell, 1984 ; Bell, 1986 ;
Servais ¢t al., 1987 5 Kirchman and Koch, 1988).
A BeA Y AT GAEE chA e
2 odstsled, AdAatse oordt WHES BEA
o2 AReE de AgEA HAHE $ glon(Rie-
mann and Bell, 1990), o|4+2} A3tg v]F-o] *H-thy-
midine-® AF&3te] A9 DNA production rate®
Z28}a, H-leucine®] AH-& HaAZ o, 2 gl
o 2 g A yed zlog almngct

s

1989+ 109 4ok5.9] 67 Aol 4] *H-thymidine incorporation rate®ZAl A|-t2] F4leks ZFAsleich AF Pk
zZxub o 7E35l7] $13le] 4§k A &4 *H-thymidinee] DNA, RNA % proteine] incorporation®< ¥|&2 7%
4 3845, 4247 2 20.07% A k. Incoporated %! *H-thymidine 2} o) .o w-24~% DNA fractionel incorporation=
u)g-& Z7}8}x|ul, protein fractione P 2= glc}. ‘H-leucineo] protein® 2 incorporation® & %%+ *H-thymi-
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Thymidine®] 75+ 1.83X10® cells/moles of thymidine incorporated/hr, leucine®] 7-%-i= 1.69X10% cells/moles of

leucine incorporated/hr A 4= glch

Ab A

B Q7 Agojsha 1990ds sl st
Folu] zsle s s

EHIEH

1. 3% 8], 1988, SAS AL, A} ofFieivl. £

2. APHA-AWWA-WPCE. 1985. Standard method for
the examination of water and waslewater, 16th ed.
AWWA. Dencer, Co.

3. Austin, B., 1988. Methods in aquatic bacteriology.
John Wiley & Sons.

4. Azam, F., T. Fenchel, J.G. Field, J.S. Gray, L.A.
Meyer-Reil, and F. Thingstad, 1983. The ecological
role of water-column microbes in the sea. Mar. Ecol.
Prog. Ser. 10: 257-263.

5. Bell, R.T., 1986. Further verification of the isotope
dilution approach for estimating the degree of partici-
pation of [*H] thymidine in DNA synthesis in studics
of aqualic bacterial production. Appl. environ.
Microbiol. 52: 1212-1214.

6. Bell, R.T., 1984. Thymidine incorporation rales and
bacerioplankton dynamics during early spring in Lake
Erken. Arch Hydrobiol. Behi. Ergebn. Limnol. 19:
81-89.

7. Chin-Leo, G. and D.L. Kirchman, 1988. Estimaling
bacterial production in marine waters from the
simultaneous incorporation of thymidine and leucine.
Appl. Environ. Microbiol. 54: 1934-1939.

8. Chrzanowski, T.H., 1988. Cnsequences of accounting
for isotope dilution in thymidine incorporation

assasy. Appl. Environ, Microbiol. 54: 1868-1870.

9. Douglas, D.J., J.A. Novisky, and R.O. Fournier,
1987. Microautoradiography based enumeration of
bacteria with estimates of thymidine specific growth
and production rates. Mar. Ecol. Prog. Ser. 36:91-99.

10. Fuhrman, J.A. and F. Azam, 1982. Thymidine incor-
poration as a measure of bacterioplankton production
in marine surface waters. Mar. Biol. 66: 109-120

11. Karl, D.M. and C.D. Winn, 1984. Adenine
metabolism and nucleic acid synthesis: Application to
microbiological geochemistry. /n: Hetertrophic activi-
ty in the sea (Hobbie and Williams ed.). Plenum
Press, New York.

12. Kirchman, D.L. and M.P. Koch, 1988. Bacterial pro-
duction in the Delaway Bay estuary estimated {rom
thymidine and leucine incorporation rates. Mar. Ecol.
Prog. Ser. 45: 169-178.

13. MeDonough, R.J., R.W. Sanders, K.G. Porter, and
D.L. Kirchman, 1986. Depth distribution of baclerial
production in a stratified lake with and anoxic
hypolimnion. Appl. Environ. Microbiol. 52: 992-100.

14. Moriarty, D, J.W., 1986. Measurement of bacterial
growth rates in aquatic systems from rates of nucleic
synthesis. /n: Advances in microbial ecology. Vol.
9(K.C. Marshall ed.) pp. 245-295. Plenum Pres, New
York.

15. Moriarty, D.J.W., 1984, Mecasurement of bacterial
growth rates in some marine systems using the incor-
poration of tritiated thymidine into DNA. [n:
Heterotrophic activity in the sea (Hobbie and
Williams ed.). Plenum Press, New York.

16. Riemann, B. and R.T. Bell, 1990. Advances in
estimating bacterial biomass and growth in aquatic
systems. Arch. Hydrobiol. 118: 385-402.



Vol. 28, 1990

17.

Rieman, B., 1984. Determining growth rates of
natural assemblage of freshwater bacteria by means of
3H-thymidine incorpration into DNA; Comments on
methodology. Arch. Hydrobiol. Behi. Limnol. 19:
67-80.

Servais, P., J. Martinez, G. Billen, and J. Vives-Rego,
1987. Determining [3H] thymidine incorporation into
bacterioplankton DNA: Improvement of the method
by DNase treatment. Appl. Environ. Microbiol. 53:
1977-1979.

. Singleton, P., and D. Sainsbury, 1978. Dictionary of

microbioigy. John Wiley & Sons, Chichester.

Bacterial Production 323

20. Watson, S.W., J.T. Novitsky, H.L. Quinby, and

21.

F.W. Valiso, 1977. Determination of bacterial
number and biomass in the marine environment.
Appl. Environ, Microbiol. 33: 940-946.

Witzel, K.P. and G. Graf, 1984. On the use of dif-
ferent nucleic acid precursors for the measurement of
microbial nucleic acid turn-over. Arch. Hydrobiol,
Bhei. 19: 59-65.

(Received November 13, 1990)
(Accepted December 7, 1990)



