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Distribution Characteristics of Alkaline Phosphatase
Activity and Phosphatase Hydrolyzable Phosphorus in
Northem Gamak Bay in Autumn and Winter, 2009

Hyeong Kyu Kwon, Seok Jin Oh'* and Han-Soeb Yang
Department of Oceanography, Pukyong National University,
Busan 608-737, Korea
'Korea Inter-University Institute of Ocean Science, Pukyong National University,
Busan 608-737, Korea

We investigated variations in alkaline phosphatase (APase) activity and alkaline phosphatase hydrolyzable
phosphorus (APHP) in northern Gamak Bay from September to December 2009. Dissolved inorganic nitrogen
(DIN) and dissolved inorganic phosphorus (DIP) decreased gradually, and the DIN/DIP ratio was higher
than the Redfield ratio (16) based on molecular concentrations during most of the observation period. The
total APase (T-APase) activity increased with decreasing DIP concentration; i.e., the Relationship between
T-APase and DIP showed a high negative correlation (r=-0.80, P<0.001), with APase activity being a good
indicator of DIP limiting the Redfield ratio. The T-APase was positively correlated with the concentration
of chlorophyll a (r=0.73, P<0.001). This suggests that a major portion of APase activity in northen Gamak
Bay seawater is attributed to phytoplankton. The proportion of APHP among dissolved organic phosphorus
(DOP) was low in September and high in November. Thus, APase-producing phytoplankton may be able
to grow by utilizing APHP as a phosphorus source in autumn when DIP is limiting. Thus, APase activity
and the use of DOP by phytoplankton may play an important role in the growth of phytoplankton under
DIP limiting conditions such as those of northern Gamak Bay.

Key words: Alkaline phosphatase (APase), Alkaline phosphatase hydrolyzable phosphorus (APHP), Dissolved inorganic
phosphorus (DIP), Dissolved organic phosphorus (DOP), Northern Gamak Bay, Redfield ratio
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g8 TG Eo] fAR, Aol G2 £719)
¥l AY HEEFAE oY FAo] FaF JFEAo|

2= Zlo] BaE 3l 9t} (Cembella et al., 1984; Oh et al.,
2002). 53] <lol] tiafr= &8 F7]<l (dissolved inorganic
phosphorous; DIP) 2.2 orthophosphate?H-2 123l 2|1k, %
ol AotslkA oA 10 kdaO]”/] S8 #7191 (dissolved
organic phosphorous; DOP) & &4 &/dol| 93 7153l
5+ DOPE 2% 9l FHH9o=E ¢4#A Ut} (Cembella
et al., 1984; Suzumura et al., 1998). ©] 23} DOPE 7}4=%-3|3}
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phosphatase®}3l 3+, 5= pHe} frAFEE 2H7 ol A]
S Ho]= A A7) alkaline phosphatase (APase)=,
Zol wal AA E2F ) (Cembella et al., 1984;
Yamaguchi et al., 2004a; Yamaguchi et al., 2005; Oh et al.,
2010). 3ol A APase &/dol tih ATFE A HH F9] o
A= YE9] Tokyo Bay (Taga and Kobori, 1978), Tokuyama
Bay (Tanaka, 1984), Nagasaki Bay (Hirayama et al., 1989),
Uranouchi Inlet (Yamaguchi et al., 2004b), Hiroshima Bay (Oh
et al., 2005) 12| 3 Red Sea (Li et al., 1998), Indian Ocean
(Hope and Ullrich, 1999), Pacific Ocean (Koike and Nagata,
1997) 5ol A 2s] aPso] gton, suol= & oi
(Ahn et al., 1989; Choi and Kim, 2000)5 T oA dH-vt
G AL s gol e A= d53 2ot
FH, Aol AeEFa=o Aok Qe A ¥
S 1}e}st=d| Redfield ratio (N/P)E ©]-&3le] 16H T o1
AAGH o AA7t AsAta e A AT} (Redfield et
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al,, 1963). AA| wiitwre] @4z2A4 3 DIN 557} 61.5 uM,
DIP 557} 1.03 uME Redfield ratio”} 59.7%= DIP7} A3k &
dloz 2H83l= AAY WAl (Lee et al, 1998). A5t
o]#3%t DIP =+ A % &4 8323d (growth and
uptake kinetic experiment) .2 %5 TEH 27 % 9HZ
2] W3} (half saturation constant; Ks)®. T} o F-3& so}
DIP7} A EEZFIAEY A FFdolgtn & 5 v
APase A== DIP7} Algkel 7 A DOPE 7h3l 87|
A FE%™ (Berman, 1970; Reichardt, 1971; Pick, 1987;
Chorst, 1991), o8] A7-oll A DIP7} A|3ke Ak ol A APase
7} AEE 710l d19¢] DIP AlF AES sjoleli=t] Wol o] &
3 ot (Gambin et al., 1999; Yamaughi et al., 2004b; Oh
et al., 2005).

2 ATE FAY A 7HRE SRSl X APase &3
3 e o FEEHE 7 £ dE SAHFOEA
DIP A=} A EEHIAE o] 9o DOPY 7|95
dolr 7] 93 FA AT

s 2 3y

7haRE BRe) o) a3 9 APase /9] BITEAS
vtetstz] 918l 2009 9€F-E 2009 128744 & 43
A G384 T FAe] A L oF 10 m Al e] X
AHPE 7R E= A 1 (34°43' 54.97N, 127°40' 19.37E)3} %2
ol Qaks WEA) &AL oF 7 m FAlS XX E el HX|sk=
A7 2 (34°42' 002°N, 127°40' 4.17’E)S A AQsle] AA=S
AABH T (Fig. 1).
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Fig. 1. Map showing the sampling stations in the northern
Gamak Bay, Korea.

AP LS A A 8ANFH = W TS o] 85t
¥5 Om),2m, 5m 5283 A% 1 m 5% B-1 molA
AatH vl AREE-E-S chlorophyll a (Chl. @), DIP, DOP ~L]
a 224> (dissolved inorganic nitrogen; DIN,
N FEF AN

ofo
o)
fu
||
Y
N

NH4-N+NO,-N+NO;-N) =
2005)°l o} A3t

APase 849 4L FFAIR 25 mLol FHT5=7F 200
UM disodium phenylphosphate¥} 0.6 M tris (hydroxymethyl)
amino methane-HCl solution (pH 9)= 3 7}&}o] 25°Coll A 244]
b wieFS AAES T 8l - 2 mM2] aminoantipyrine 2
5 mM2] ferricyanideZ ¥ 7}sle] A|2E A7 F disodium
phenylphosphatefﬂ MR E 545 phenol 5%%E 510 nm
ol A v A& SFSIT} (Yamaguchi et al., 2004a, 2004b). 3 A}HE]
APase (P-APase)9} &Z ] APase (D-APase)2| #2]Z 8|4
F70°] 0.22 um vFEFedIkA] (Millipore GSWP)E o] -3} <]
o3k & 1 o] NG D-APase® 7H5}aL, & APase (T-APase)
o| X D-APase® FAgt 555 P-APase® 7Hd3F3itt.

APasell 23] 7143 == DOP (alkaline phosphatase
hydrolyzable phosphorus; APHP)E =743}7] {3 Al#&
APase ®.4> (Sigma P7640, from bovine intestinal mucosa; 1
unit/ml)€} 1 M¢] Tris &< (pH 9)= 3+ 10 mlol] 7}t
37°CoAA 2413 WS AA8Hlt 2] ar wj et v 2
ofof] oJt -3l 28-S 9] 93l 5 mMY sodium azide-8-S
A7ysta, Wi A3 Fo) DIPEEE SAH3tY S7HE DIP
FTEE APHPZ X E 3SIUTH (Oh et al, 2005).
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Fig. 2. Monthly variations of dissolved inorganic phosphorus
(DIP), alkaline phosphatase hydrolyzable phosphorus (APHP)
and alkaline phosphatase non-hydrolyzable phosphorus
(AP-nHP) in the northern Gamak Bay, Korea. DOP is the
sum of APHP and AP-nHP.
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Fig. 3. Monthly variations of dissolved inorganic nitrogen
(DIN) in the northern Gamak Bay, Korea.
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Fig. 4. Monthly variations of dissolved inorganic nitrogen
(DIN) : dissolved inorganic phosphorus (DIP) in the northern
Gamak Bay, Korea. Dot lines indicates Redfield ratio (16)
of N/P based on molecular concentrations.
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DIPE= A 1914 032~1.04 uM (B TF+FFAX}; 0.54+
0.22 uM)°l™, A" 2+ 0.27~0.95 uM (0.35+0.22 uM)2]
HE HAE Yehdidoh AR 10] A 28T b4 & 5%
E H3lon, 2009 99REH 129714 HaF AasheE Aol
SAth(Fig. 2). DOPE G4 1914 0.29~1.06 uM (0.67+0.21
uM)e]l ™, A 204 0.11~0.76 UM (0.49+0.20 uM)H ¢ &
), DIP9} frAFSAl AR 10] A 28 vk 2 555
YEM AT} (Fig. 2). &8 &< (dissolved total phosphorus;
DTP)% DOP7} x}A|3}+= Hh%% 9del A 13} 2014 747t
Bt 30%29F 18%= WA W v &S BYARE 1 ]9
A7) el 50% ©]7do] ME}. DINS A4 1914 6.56~18.39 M
(10.86+3.45 uM), A3 204 7.44~15.52 uM(10.58+2.47 uM)
o] HEHAE BTt (Fig. 3). B4 13 A 2014 FH
ZFol= HolA] gkton, WiEd/d-S DIPS} f+AF8HIT DIN
3} DIPO] HIE A 1014 15.86~26.43 (20.70£2.96)019, A3
27 11.63~ 33.43 (22.8246.72)9] MEH LS YelHon, 9¥

oX

AN 129704 HAF S7bske AFo R, didwel A7l
Redfield H](16) ®.T} =94t} (Fig. 4).
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Fig. 5. Monthly variations of chlorophyll a (Chl. a) in the
northern Gamak Bay, Korea.

Chl. a= A% 1914 1.20~8.71 pg/L (4.33+2.27 ug/L), B4
2014 2.79~8.97 pg/L (5.46+1.91 pg/L)e] HAES BATh A
13 AR 2004 20093 9L F-E] 100 o]2= 7|7k wet
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Azt st om, 1190 A4 13} 204 H 7.81 pg/L
791 WL 7P & e Helon, olF v hast
Stk (Fig. 5). AAHoz AH 10] AA 20] vlsA thi
e Chl ¢ TEF B, ol G- 10 X3 27
A FAAE MHo|TFo] Fad dgler Azt
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Fig. 6. Monthly variations of particulate alkaline phosphatase
(P-APase) activity and dissolved alkaline phosphatase
(D-APase) in the northern Gamak Bay, Korea. Total alkaline
phosphatase (T-APase) activity is the sum of P-APase activity
and D-APase activity.
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Fig. 7. Relationship between total alkaline phosphatase
(T-APase) activity and dissolved inorganic phosphorus (DIP).

Alkaline phosphatase &4¢] HEEA]

T-APase 42 A% 1914 0.32~5.21 nM/min (2.26+1.58
nM/min), 47 24 0.40~6.30 nM/min (3.07+1.86 nM/min)™H
=, DIP] Aol whal H A7)l A &Aool FrH At
g ol AF7FA e M3l= DIPS o w AR 204 AA
150} thh =2 &84S Helon DIPEE Tast 3 57t
3l Aol e (Fig. 6). 2 A T-APase2} DIPS] A-a-#
Ag AES A7} 52 59 J#AAAE JERN ] (=-0.80,
P<0.001; Fig. 7), DIP5 =7} APase &4 & dale= a3
Qolog yegth %3 APased 79SS 937 93
T-APase &4 ¥} Chl. 2] AAAAE T3 Ay} =2 Jad
& o] W golht = AEEEAELRZRE R
S & 4 U}t (Fig. 8). °l= ¥ Hiroshima T+ 18|31
Pomeranian Bightol 4] APase ©} Chl a 9] %<& 9] 337
ZHE APases A EEZHIEORREH FLEFHATHE Bt
2 28T (Nausch, 1998; Oh et al., 2005). T4 -5 7
7hernk Brg)ele] 9 =2 Redfield H| (DIN:DIP)2} APase
Ao we} DIP7F A EZ B Ao F8 AT 24

(e} =~
des & = 2

oo x o

12

10

Chl. a (ug/L)

2r O y = -0.90x + 2.51
O r =-0.73, n = 32, P<0.001
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Fig. 8. Relationship between total alkaline phosphatase
(T-APase) activity and chlorophyll a (Chl. a).

B Ao A FEE T-APaset™ AFEE 7|2y} EA7HH o]
27] whito] v s34 vt WA, she
T3 S99 APase &3> 5943 714 (phenylphosphate)
Ho=w =4d% &9 Uranouchi Inlet (1.2-70.1 nM/min;
Yamaguchi et al., 2004b)®} Tokuyama %F (0-141.6 nM/min;
Tanaka, 1984)HTH= S 8705 HRITh AEo] F &9 <]
5, 197935H EEH Seto U3l #74 BA 5 A (Law
Concerning Special Measures for Conservation of the Environment
of the Seto Inland Sea) W& = <1 AsP|E A3t & Qo] ghf-d
AlAl Az Tl mhet s fo Q1 frelo] Hasof F5iA| 9
75- DIP §=7F A& o]sle] #h& Holx & (Yamamoto
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et al., 2002), 7Fet 55 E‘:]' DIP7} ZLA] AlgkE]o] g17]
o] F2 &Aool Bl BoR AyztHArh

T-APase & D-APase &4 A3 1914 0.06~0.67 nM/min
(0.28+0.16 nM/min), A7 204 0.09~0.67 nM/min (0.33+0.20
nM/min)Z 9€ o] 7} vk S Bt (Fig. 6). T-APase
% D-APase®] W2 9ol Ht §%=E 7P W2 H|&olgle
), 1085 12970 15%% A v &5 Bl dukA
o7 AEEZAEY dHgol= AAT A D-APases
34 o}l_ F23 F7]E2 &l ATt (Nausch, 1998). APase
= AEH =&k s o] 7] Wil A &aivt
AR E A AL A 2E- 3 A2 9] Fo] EE] A 2FE-ol 2] A
A FRATZE E2 A @ A% D-APase= P-APase
Hu}p iAo 2 obAdsy] Wil FFollA Ut EAls)
WA FAS HolW (Li et al., 1998; Nausch, 1998), DIP2]
Ay o] YERA 3] FollA] 2~12A17F ol ¢ H ] &4 0]
LFEFAT} (Block and Grossman, 1988). weha] 7FEql H5-5
Aol|A] wtel|gjote] Eaf e}t o] F-Eik S EE A1 A
upet DIP7F T i AN AEZSFAENA Fed
D-APase’= DOP9] Alf-7]38lol] 7]o]& Z oz Azt

it

Table 1. A theoretical concept for dissolved inorganic
phosphorus (DIP) availability and alkaline phosphatase
(APase) activity of phytoplankton communities suggested by
Li et al. (1998)

Dissolved  Particulate
APase APase DIP limitation
activity activity
Absent Low and absent No DIP limitation
Low High Recent DIP limitation (hour to day)
High High Persisting DIP limitation (day to week)
High  Low of absent Recent relief from DIP limitation

g Foll F2l ¥ D-APase?t A EEFAE0 wHA $1%]
gk P-APase S 5745l wiel dsl4 F<f DIPY Al =
E AAH oz yporst 4= 9lt} (Li et al., 1998; Table 1).
34 ol D-APase$} 2|25 AEQ] P-APase’} Y AY A=
A =k slgellA DIP Algho] Al&alA gl AH oI,
D- APase7]— 211 P-APase”’} =21 FH 2ol DIP7} A gHs s
o]al, =& D-APase®} P-APased] 7-$- #7|7F DIP A|3ho]

o]h aﬂoﬂoi vhosk /\ o] .H]—X]‘ﬂ-oi =0 DAPase@r
2 P-APase®] 75 4301] DIP Algo] glojzl A& hAlE
o 2 dlge A 9dd tE AR e DAPaseﬁﬂ-

P-APaseZ DIP9] A|3to] gl
D-APase®} %2 P-APase® | <ol DIP #| 3}
= At} wElA, 11295 D-APase 2 T-APaseS 33l =
DIP A|gte] AIZHAR1 Biste g dhetd = gt o]#gh a4
Ao W2 A s ArE v g Ay E%

Ao 2 HolXq 119 ¥
3lg oHoﬂo]_Q. o}

2 Redfield F] X1t} YIS AAH o] &etes AESIHZIAE
A SHE 1258l 7] it A3 JUdd A A=

et o g o]& 7lsg DOPY F84d

APHPE= AA 1914 0.02~0.14 uM (0.06+£0.04 uM)o]™,
A7 20014 0.02~0.14 uM (0.070. 05 MBS BT =
A DOP & APHP7} X}A|8h= H] &2 9¥d] 7%= 718 e
HlEollom, 11l 17%= 7+ —ES APHP®] H| &5 K3
o} (Fig. 2). o= 9ol A ESHAE JF o= F3l4 DOP7H
SHE A, A Sl wet 94 B2 fos Wit
3] DOPo] F7FESY] Wi o2 AztE) 18 11
DIP A&l rﬂra} APHP+= APase 3 58S Ho]
A& DIP FFdoEN T3 IS Hds)
ek o)

DOP % 10 kDa ©]3}9] 23S 7HA= AE-21%e] DOP+=
QJokol| Al AENIZAo] =&
A5 &4 71l B wd
A YERAT} (Suzumura et al., 1998). AL-2EE2] 79 ester
A3jto whg} phosphomonoester (PME)S} phosphodiester
(PDE)Z Y] o, W34 DOPS! phosphonate”} U A H#<
2+2)8FaL AT}, phosphonatei= 31814 0 2 kA gto] 73|
aao) oA Jhradl] =R gom ] 1550 A5
DOP] 9F 25%9] H]&2 EA S} (Clark et al., 1998). 12| 3L
PME®} PDEE 247} APase®} phosphodiesterase©l] 2]a)A 4] &
ZggEo] o] &% 4= 9lE DIPE 783 &1, Tokyo7tell
] DOP % PME®} PDEQ] H|&9] oF 1:39] H]&=2 EA|3tt)al
B9 o] §IT} (Suzumura et al, 1998). & AT = Aw-&
APaseol] o]&] 7}<=+-3 ¥+ DOP =, PMEY] 5=1F 1185
A7)l A A EZFgE0] o]-g 753k PDES 72 DOP2]
FE7F WA k] wiEol HA A BEHFIAEC] o]
7Ve gk 7k A 1Y sEE A sEA oF 3 A=
S 7FsA] At

IREA o & REE ST (Ks)w AlgtF el gk Ast
(affinity)S YENE 71522 (Dugdale, 1967), ©] #ko] &%
:‘[:% OﬂOl:Oﬂoﬂ \:H%]- 7‘<§1rx4o] ;l—ouq /ﬂ] =

%3 Ks7} 048-0.68 uMi

%xg ATk (L1 et al., 1999; Tarutani and
Yamamoto, 1994). 5% A 7}2ak BR8] o] DIPY] F =&
olHT ¢ W& FEE HITH, ol HAEEIHIAE =
oA - 3tst7] Y3l DIPE Al9e v o]
Z 93k Aot} Oh et al. (2010)3} Yamaguchi et al. (2004a)°]]
w2 S costatums DOPE ©|-83}7] 93l APaseE &4 35t
w, A4 o] 71X PMEE % 7}¢t batch 8] %4 ol A %= DIP
A7rek v} FAKSHA A3kl wheba ZhewE B3

['I

Aol A AL AE MEESHAES APases 432 Z
I A= FA AL - R 4§ o, APased| AL
DIP A% BANAE 83 Al = ARSI Aoz

7lv et
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