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Bacterial Numbers and Exoenzymatic Activities in Pore Water of Artificial Floating Island
Installed in Lake Paldang. Kim, Yong Jeon, Seung Ik Choi' and Tae Seok Ahn* (Department
of Environmental Science, Kangwon National University, Chuncheon 200-701, Korea; 'Insti-
tute of Environmental Research of Kangwon National University, Chuncheon 200-701, Korea)

To evaluate the functions of vegetation mat of artificial floating island (AF]) install-
ed in Lake Paldang, nutrients, such as total phosphorus (TP), dissolved inorganic
phosphorus (DIP), total nitrogen (TN) and nitrate (NO3;) and microbial factors such
as total bacterial numbers, active bacterial numbers and exoenzymatic activities of
B-glucosidase and phosphatase in pore water of medium and bulk lake water were
analyzed. The concentration of TN and NOj; in pore water ranged from 4.4 to 7.5 mg
LY, from 1.2 to 3.8 mg L}, respectively, which were ca. 2 times higher than those of
lake water. The ranges of TP and DIP of were L4~4.1mg L'! and 0.003~0.137mg L™!
in pore water of media which were 4~ 25 and 5 times higher than those of lake
water, respectively. The numbers of total bacteria and active bacteria in pore
waterwere about 10 times higher than those of laker water. Also, both phosphatase
and B-glucosidase activities of pore water were on an average 10 times higher than
those of lake water. These results suggest that the bacteria were playing important
role for nutrients concentrating and cycling in media of artificial floating island.
And the medium of artificial floating island contained newly created microbial
ecosystem, which is responsible for sustaining the growth of macrophytes and the
creation of new aquatic ecosystem.
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=-9ojjA] Schwimmender Pflan-
zeninseln© 2 A% Zlo] & Xxo|th(Dahl, 1972). d&
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DAE A L J¥9F 4
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Z3le] Algstgdeh. 2R (TN} A Ak (NO, )L Fh=
Aoz, AP JAMIA (DIP)E ofrz =2
WAk #9) o e 747t 33 £ 39T (APHA, 2001).

2) A4 &34

Z2M|F4 24L& Acridine orange direct count (AODC)
WS AHg-3Hs] o, 3333107 (Olympus BX60, Hi&:
x 1,000)& o]-8-3led #2314} (Hobbie et al., 1977). &
AAd4E quantitative direct viable count (qDVC) 4]
(Yokomaku, 2000)& At&3}¢ict. @73% 50 mL conical
tubecl] AlE 9mL%} cephalexin (0.01%) 1 mL, nalidixic
acid (0.02%) 1 mL, yeast extract (2.5%) 50 uL, glycine (3]
T X 2%)1E 37 AL mA 2447t Bk Al
vjekal & ALz g F 3ol freeze-thaw WY
o2 Aeg ¥ AODC W= 22 wWiez A
on, FMFF Fhe FATS M DVCH oz
ehd HlFeE wjF=e] AAksisi.

RE vjlEe] A4 3533 u(A (Olympus BX60; exci-
ting filter: B, Lamp: Mercury lamp HBO 100W/2, OSRAM)
& o]g3le] AR, AT £ 200) o)y I
N EAE e PFsle] ARgslA

3 AL ELBAE
Hite] A z48d =8 45171 913 7132 methyl-
umbelliferyl-substrate (MUF-B-glucoside: 10 mM, MUF-
phosphate: 10 mM, Sigma)E ARE-3}3ch A& 4.5mL
o] 7)Ae H=Z 2w} 77t 25, 50, 100, 200, 400 Mo
He% AR F QAN 1A FHA ok 5
glycine-NaOH (pH 10.5, 0.2 M) 0.5 mL& Z}7+ 37}s}ed
g AAAMZ o Y MUF] o 335433
= A (TD-360 Mini Fluorometer, Emission: 460 nm, Exci-
tion: 365 nm)& Ahgsle] A akRAMslodv} (Chrost, 1989).
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Hed, AT s8] FFHe 44 22 mg LY,
10mg L' gtog AlZAo] s8R o 2uje] 2o
e QS (Fig. 1). QFABAANAN DA A4S
TET AES Wopr} AAEE 490 MY 22 3.8mg
L'3e 247 59%8E 1.2mg L' Yold 12971%)
A3 Z718e Ak By
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2), AFAEA T34 sEn oF 4~250) A 1
Ehgth #7104 (DIP)E AFA A el
0.003~0.137 mg L7}, 34EoA] 0.003~0.042 mg L
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9 =7t A3 &bzl 6¥el 0.052mg L1z ol

10
—&— TN: AFI
—0— TN: Lake water
8 - —a— NOg AFIT
- —— NOg: Lake water
A
w6
g
g
S 44
]
5
§
£ 2
3
&}
N

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month
Fig. 1. The temporal changes of total nitrogen and nitra-

te concentration in pore water of artificial floating
island (AFI) and lake water of Lake Paldang.
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Fig. 2. The temporal changes of total phosphorus and
dissolved inorganic phosphate concentration in
pore water of artificial floating island (AFI) and
lake water of Lake Paldang.
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Fig. 8. The temporal changes of total and active bacterial

numbers in pore water of artificial floating island
(AFI) and lake water of Lake Paldang.
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Phosphatase $A4 == AFAEA FT34¢ 355
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X 2. °1—a—’9.75':/‘4 T8 EREANM B 59 270
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47t ERERS o 100 ol ¥
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El|7 ““3171- 3 511_ Aag AFse Aot oW
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o2 AR ATE Arxe] Fde Trsted A
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©m (Chrést and Rai, 1994), YA} §7127 £287)
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o} (Azam et al., 1983). M| F2 uledeksql 23 glolA]
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Fig. 4. The temporal changes of B-glucosidase activity in
pore water of artificial floating islang (AFI) and
lake water of Lake Paldang.
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Fig. 5. The variations of phosphatase activity in artificial

floating island (AFT) and lake water of Lake Pal-
dang.
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TEETHIEY ZAYoth EEYIEL Yoz
o Wl F Holdo] Yo dxH Fo
& ZAST YA gk 1992) FEZg =50 o3
Az gte] Folxd A2 AAEo] webx A4
2} u]&o] 7]} e} (Sherr et al., 1988). AA| = Aok
ZoM FEEFIES :AYe] %S¢ W FDC (frequ-
ence of dividing cell) gte] Zr}sl= Aoz HAabo] 2
HATH(F, 1996). 350N A FLsEE 81823 (“top-
down”; predation)el] °38-& o (McQueen et al., 1986),
NG BE Sadel o 249 4+ Ues v
3190 c} (Ducklow and Carlson, 1992). ¥t335.29] ol3Al&
A okl AN FEEFIES ANASI 208 o)A}
=7 Jebd A A3} Byeon et al., 2002)8 Fz s,
TEEFIES Aoz AT MNASL 2
HAoz Algda & g o)fE= AFTAEA A7)
el #7180 Z7181917] wj&o]c}l. BODZke] 24
FZoA HF 52mg Lle] 1, 35Eo|A= 3.6mgL!
AT, 2007). o)A F718 = 2o] wHo] A7)
Wb oA A F Eo] B2 Aoz AluEch AlAa
2%z 3 HolA FANFR v)go] 10% Hegon,
ANAow 4718 S B2 bR g Aol
LRAZE W] 40% ool sich(3), 1992)

Phosphatase H &34 (V,, )7} 352 = 1
umol L™ hr! e]3lel wid QlgAlEA A Q7|4 W] 3
SoME 21~114pmol L hr'z 7 W3}Z o] wje-
ZA Jebhde} Phosphatase’s A, % - 218 E3aE,
AE I} 2] Fo] Bu)E (Jansson et al., 1988;
Hernandez et al., 1994), =4 oA DIP7} R=d o
4 & (Wynne, 1977). A7)0 TS50 e A1 S
E93ES U=r} Yol phosphatases] 7|9 2B
FIE, AT SN EBA BnlEl How Alsg
ot o] JIZAEA ol RN TEEYIE] U=
7} E5ERY 208 22 S B} (Byeon et al.,
2002). o|FA & HUx wiol] FEZHIAE] 2H )
&3 phosphatase®} FEIZat=Eoc] algael} AFL
ZAlsh HAelA W2EE phosphatase, w48 4z
“ AFE% Ml2e|A £%3 phosphataser} Z3Hg 7o
2 (Currie et al., 1986) AL =2 %o},

QF A AW T240l4 1096 DIP 55
£ 0l4mgL'gor 342 % 0.03mg L™ 3toz
A7 FFpol M 5B R 534 22 gheloioh
DIP= phosphatase®] &4& odAsl= 7oz odelx
ek 2 A7 9] 3546 A= DIP gte] &
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fo o M

of Mg Wey7 23

E o27 2ol AT 4 ok Al 279 A=
P surplus (Ps)7} 7343 73-%- phosphatase &4 57} &
7}3te}. Plussee g ol 4] zAbEl vl ol=md Al el
ZA3}= Ps (% of particulate P)7} 10% o]3l=2 yto}z
o) AiFe] ¥8]}= phosphatase?] specific activity:>
HAS] S7FEAL 16% o] o MA3F] Fhahsle HAom
e} (Chrést, and Overbeck, 1990). =8 Al2-Zel=
Eol|A 7]¢l¥ phosphatasetr Y& %9 DIPH 3o
w2 A whe-s}x]uk, A FellA] 7]Q1% phosphatase: 200
umol L1 e=m7la s A& Wrx] o=c}(Chrést et
al., 1986). Wetr g2 EA A AQ7HkAj oA DIP ¥x=
7} 35EHT 2Solm E7-3l3L phosphatase 843 0]
10 oA} b= e AR o)l 24)51= phos-
phatasex= Alqto] #u)3kaL, Al #e] HZ W Psr} w2
Aol o] FAelM AAE DIPE: AlFH 22 535
Ak QA 0§ Aoz AmRs

B-Glucosidaset= )3 7|AEe]A) o] Y1, vt 9
o|FF2 Bae]E 7}pE3AlA monomerz Ha|A]7|E=
FE A= (Barman, 1969), 50l A B-glucosidase FA =+
FER71Ee EAYHE T A Lot} (Chrést,
1994). 50l A] PB-glucosidase A 2] 95% o)A Al
oA 7]%= ™ (Chrést and Overbeck, 1990), B-glucosi-
dase¥= glucose®} 72 monomero] 2Jske] & A EA] 0]
A=) 2L cellobiose?} 72 dimere] 2]5le] S-xHo
(Chroést, 1994). =3t $25ee]] TRZ} (high molecular
weight) F7]| 52 o] &g 739 B-glucosidase B4 =7}
A JeRdoh(Sell, 1994). B3 QT B AR
Wkl F=rpol| A B-glucosidase @A =E 35420} 6~
24v}) A ehgoh g EREie FXEE dolr
7] $13}e] B-glucosidase BA =& AN F42 i
2l specific activity® B 59 A2& A5l Q2
AEA A7 eE 558X 7zt 5.4~50.9 amol
cell ' hr'!, 21.2~64.3 amol cell  hr ' 9|2 Q1 ZABA]
N7 B4 25E Aele 2 Aolsl 9al
oHFig. 6). 2, B340 SHEAN AT T AR5 o)
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2 AL AT aeERY 494 o) gRos
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(DIP), phosphatase, B-glucosidase, XA F52] A
A (P<0.05) AMF49 DIPL] AA 47} 0.65,
TP2} phosphatase”} —0.53, phosphatase®} B-gluco-
sidase”} 0.59% yveht ot ¥ AAIAE Bod
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Table 1. Correlation coefficients between active bacteria,
TP, DIP, phosphatase and B-glucosidase activ-
ity in pore water of artificial floating island and
lake water in Lake Paldang.

Active Phos-  B-Gluco-

bacteria bIp phatase sidase
Active 1
bacteria
-0.04*
P —o81> 1
0.65* (.28
DIP 036" —0.76> 1
Phosphatase 0.25* —0.53 0.30 1

0.29* —0.34> —0.19"

-0.32° -0.30* -0.34* 0.59°
0.31> -0.31> -0.28 091°

a: AFI, b: lake water, p<0.05
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Fig. 6. The variations of specific activity of B-glucosidase

in artificial floating island (AFI) and lake water of
Lake Paldang.
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7} 0912 wi$- 2 AAAAE Rt aeby ¢z
B4 A7 e B345 BTN A7) T4
I A )5 Ay ‘4"— Aoz FelEgin) B4
AF DIPe] ARAS7) 35BoME 03602

P b

N
I~

o‘}l o

8- 35

& ARRE B %R AN AP IAAAE
0652 thi ¥& ke ARAE vehie} AFARA
A7) WelH 2AAE] DIP 5= Watol Bt 7]

o) Aste Beeled BE AFAEY AR
e o] Sste] 3B e HAE 4
dAE 245hT, o)) 2471847 JPuRE F
F3ted 7Pl el o189 Fxs) FolAlTh ¥ BE
o AFLRE AT FA Balskn Lo

|

4510} 48] melton 425 5 A4 e
A AR Agoz GFARE) EI PG BAR
s7h dolidm, o e Bstel ATAEA SelAn
PHT Sze] Aol SAMANNE FEEF=ES)

20| Yol Aoz A
¥ e
dze] AAY AT A7 el A

o QES S1s-e T sAsted 447 W)
F34% 55ENH F2U(TP), $2 (DIP), FA4

(TN)’ é i (—)];1(':']_—/-1\—(N03)7 okﬂvﬂ-‘l—y % Okﬂf_l— Zﬂg’li
2BAEE A AFTNEA AATNAY T

204l TN} NO, 35 77 44~75mg LY, 1.2~
38mg L' W92 3ERT o ouf A depgen,
TPS} DIP = A/ 344 247 14~41
mg L}, 0.003 ~0.137mg L7 H¢l2 TP & 3451
o oF 4~254), DIP gk 539 ¥-& Folddeh 2AF4
o} BRMFErE S5EHY 10w o4 e BYY =
gt phosphatase 3 B-glucosidase B =% AFTAEA
FI5lA sEuT 109 o)de) %o g wod

A1 WA AT 7GR 5E3 I
ARt 71EARHT dofuta, o] HAeNA 2] A
4, 5EEYaEel 24 F Az +49A7 249
Aoz Al ¥t

Ab A

E d7E AR - S53 g
A GFANA APF 32kA 20041 % A7 x
ARG “qTteA AR B9y 2 JeEFE
AFAY A7 SPH Rt



o g g ¥

A

Won. 1999. QT4 E AT 349 SANN 9 QA W
sl #g A+ eFAtan ﬁ*}i}-ﬁllﬁ-r

ALA, A, FEE, AAA, HA%, 259, <A, 2007,
StE o] A" AFABA A7) FT5eA] Al
F29| Ao &4 e ) QE313]%] 43(1): 40-46.
R4 2007. 5NN SxA Aol o 487 M aa
o #& A 7‘%3‘Hibﬂﬁﬂ° o] SHtAL a9

QteA. 1998, 2=A ST AT AFTEA oLl B

A Al A7

el 2008. S o] 47 ApAETA] ) S FhaAE]
W ZH A G 8 A7 SN LAE.

o] FA, AAH, 7147, up E. 1999. A5 $ANNL 95
AFTHEAR A gt Q7. 854% 22: 219-225.

AFA, AEiA. 1992, 243N FEEFIEL 44)2H4)
#& A+ =g Eehs)#] 30(2):129-133.

é]—’.;%]. 1992. 2%f5eNe] f7]Qlakd Balgol &

RN T AT o] A AL ST

as]*q 1996. £k 5.2] AlfAlsel S =wse)] A3t o
F- 7r g g4 o] shitalahg) =

WA H2 919 3. 2006, 7FA AelA 29vby 9 Ve
233 A7 YRA B 9193)

B3 2000. S2ANA 2327} BTN, AR T

APHA. 2001. Standard methods for the examination of
water and wastewater. 20th ed. American Public Heal-
th Association, New York.

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

Barman, T.E. 1969. Enzyme Handbook. Springer Verlag.
Berlin. 2: 928.

Byeon, M.S., J.J. Yoo, O.S. Kim, S.I. Choi and T.S. Ahn.
2002. Bacterial abundances and enzymatic activities un-
der artificial vegetation island in Lake Paldang. Korean
J. Limnol. 35(4): 266-272.

Chrést, R.J. and H. Rai. 1994. Bacterial secondary produc-
tion. In: Overbeck, J. and R.J. Chrést (eds.) Microbial
ecology of Lake Plussee. Springer_Verlag, N.Y., p. 92-
117.

Chrost, R.J. and J. Overbeck. 1990. Substrate-ectoenzyme
interaction: Significance of B-glucosidase activity for
glucose metabolism by aquatic bacteria. Arch. Hydro-
biol. Beih, Ergeb. Limnol. 34: 93-98.

Chrést, R.J., W. Siuda, D. Albrecht and J. Overbeck. 1986.
A method for determining enzymatically hydrolyzable
phosphate (EHP) in natural waters. Limnol. Oceanogr.
31: 662-667.

r°"

0| ME HelA| 25

Chrést, R.J. 1989. Characterization and significance of -
glucosidase activity in lake water. Limnol. Oceanogr.
34: 660-672.

Chrést, R.J. 1994. Microbial enzymatic degradation and
utilization of organic matter. In: Overbeck, J. and R.J.
Chrést (eds.) Microbial ecology of Lake Plussee. Sprin-
ger_Verlag, N.Y., p. 118-174.

Currie, D.J., E. Bentzen and J. Kalff. 1986. Does algal-
bacterial phosphorus partitioning vary among lakes? A
comparative study of orthophosphate uptake and alka-
line phosphatase activity in freshwater. Can. J. Fish.
Agquat. Sci. 43: 311-318.

Dahl, H.J. 1972. Untersuchung von Pflanzenarten auf ihre
Eignung zum Bau schwimmender Pflanzeninseln. Dok-
tor Dissertation, Technischen Univeritaet Hannover.

Ducklow, HW. and C.A. Carlson. 1992. Oceanic bacterial
production. Adv. Microb. Ecol. 12: 113-181.

Hernandez, 1., F.X. Niell and J.A. Fenandez. 1994. Alka-
line phosphatase activity in marine macrophytes: histo-
chemical localization in some widespread species in
southern Spain. Marine Biology 120: 501-509.

Hobbie, J.E., R.F. Daley and S. Jape. 1977. Use of nucleo-
pore filters for counting bacteria by fluorescence micros-
copy. Appl. Environ. Microbiol. 38: 1225-1228.

Jansson, M., H. Olsson and K. Peterson. 1988. Phospha-
tase: Origin, characteristics and function in lake. Hy-
drobiologia 170: 157-176.

McQueen, D.J., J.P. Post and E.L. Mills. 1986. Trophic rela-
tionships in freshwater pelagic ecosystems. Can. J. Fish.
Aquat. Sci. 43: 1571-1581.

Miinster, J. and R.J. Chrést. 1990. Origin, composition and
microbial utilization of dissolved organic matter. p. 8-
46. In Aquatic microbial ecology; Biochemical and
molecular approaches.

Sell, A.F. 1994. Phytoplankton-excreted organic carbon. In:
Overbeck, J. and R.J. Chrést (eds.) Microbial ecology of
Lake Plussee. Springer-Verlag, N.Y., p. 81-91.

Sherr, B.F., E.B. Sherr and C.S. Hopkinson. 1988. Trophic
interactions within pelagic microbial communities: in-
dications of feedback regulation of carbon flow. Hydor-
biologia 159: 19-26.

Wynne, D. 1977. Alterations in acitivity of phosphatases
during the Peridinium bloom in Lake Kinneret. Verh.
Internat. Verein. Limnol. 21: 523-5217.

Yokomaku, D., N. Yamaguchi and M. Nasu. 2000. Improv-
ed direct viable count procedure for quantitative estima-
tion of bacterial viability in freshwater environments.
Appl. Environ. Microbiol. 66: 5544-5548.

(Manuscript received 5 December 2007,
Revision accepted 24 February 2008)



