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& sidell A ok K712 AASGA 54 L Hotstr] st BF A opr|dt 24 R 328
f7182 & 7lrEe obolAHDFAA) =4 2] D/L alanine racemic ratio® EA8lgc} &&
A otulAate] Fx = HE 0.06 uMelA] 026 uM2] WL E BERon, $Ashes ofv|kx4to 2 aspa-
rtate, glutamate, glycine, serine, alanine® 2 Jedth 21 71gd 23 - 318ty E4o) oe} &8
olul:c At group & B¢ Fofl $H3e AL YRR 340l & hydrophilic group2 2 Jehgth &8
7R ofuite) Fre AAUGZIEEY BE HT 205 pMolA 619 Mo} HHE B, A
FARF7IEAY FS HiF 813uMolA 2446 M9 HAE Bk $¥3hs o4t group
EFE AF oln| AT {ANG BEFE Bt ola§ &€ iR olvkite AAYFIIEREYGE
AFARFIIERA FdFeos & 528 BID £33/ A53E AHY £& 71528 ol
25 A v# HIol APFoE L FEE B9rh Alanine® D/L racemic ratiot= AU
F71839 25 01269014 0.1469] & BU AFANRF7IEZS] H$ 0309904 0.3862] HAE
Bo AFAG{718d0] AR EDEG JiEo s &x) Ao eed Ao vepgr) ol g
AREL £ 5 B ol AEFWHA A dHE € #7] AW E] 2o 4AsEH
ARE o]fE & 2Ug Ao g AgHLh

Dissolved free amino acid (DFAA), dissolved hydrolyzable amino acid (DHAA) and D/L amino
acid racemic ratio in the dissolved organic compounds were studied to investigate the biogeochemical
characteristics of dissolved organic compound in the Yellow Sea. Concentration of total DFAA ranged
from 006 UM to 026 pM in the study area. DFAA composition showed that aspartate, glutamate.
serine, glycine and alanine were predominant According to characteristics of functional group of
amino acid, these belonged to hydrophilic group. C-18 short column cartridge (Sep-Pak) activated
by methanol was used to extract organic macromolecules in the seawater. In operational scheme,
macromolecules were divided into two fractions. Geomacromolecule fraction eluted with 50% methanol
was moderately hydrophilic and showed characteristics of humic substance in the seawater. Biomacro-
molecule fraction eluted with 100% methanol was hydrophobic and most abundant in the surface
seawater samples. DHAA was much higher than DFAA in this study area. DHAA ranged from
205 uM to 619 pM in the B-fraction and from 8.13 uM to 2446 pM in the G-fraction. DHAA
was higher in the surface water than in the bottom water where the vertical stratification developed
well. The result of HPLC analysis of D/ amino acid showed that low racemic ratio was found
in the B-fraction. It implies that the B-fraction is relatively younger than the G-fraction and freshly
derived from biosphere.
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AT el e F718Y gatgo] vl
A (2 150 gC/m?/year: Choi et al, 1988;
= 1989)0.24 RENY #7118 G £F ]
B g Folgh sYolA {7 AF}EY A7
oA R BE, vF F52 3FH T3,
M Zo w@ae AL £33 2 e AsEF
2AA24 o AYFYE ARl I FLA
o] ¢lAlx]o] YrHWangersky, 1986; Kieber et al,
1989, 1990). 19803t X771 ¢ R7183HES
ATE Bas Aio] FFH AFAFY Aol
AFdol gon satE A st i Wi
A T 47 S¢ER ddd o AF IS
FuHsted §7) FFE YA B 2 dacd
29 o B2 odE U7l HA AEsE §7)
o T2 EA Tol B A7 AAEA
st dARA Y 7] HPE] AT F2 £E
24 otuxAtst 2F P carbonyl groupdl i3l
FHHog gaslA Yol fon (Lindroth
and Mopper, 1979; Mopper and Lindroth, 1982;
Mopper and Zhou, 1990; Mopper and Kieber,
1991: Cowie and Hedges, 1992), oj21§+ && #71
B§ge uHE B, B3y ug, &% W
Eo] AlA31eHY dhgolA oju g ¥he-E FeAE
«d75]o] 84t} (Lee and Bada, 1977; Fuhrman and
Ferguson, 1986; Fuhrman, 1990; Coffin, 1989;
Kieber et al., 1989; Kieber et al., 1990; Suttle ef
al., 1991).

o) B0 #ge oM /718 &8 AP
AT7E ARAH Wi BY 5o BHoE s
sokel £& §7) @49 £F §7] Y FE
E¥o] oy A2e Jd4E 7HAKY (Sugimura
and Suzuki, 1988; Druffel ef al, 1989). &JeilA
ZAQ3s £F §7) @2E GEA FUo] & §7]
31818 wmol ol)e} A A i E 2 (biomacromolecule)
7 =27 AEA(geomacromolecule)d] A E3
£Z §7) %2 e A 2dd o
Ad BELE {F712L HFFoAM AFEE AA
i glow), HIT oS i FF F ALY
Q77 #Bas] HePFo|td (Suzuki and Tanoue,
1990; Coble et al., 1990). o3& && {7IEL
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715 5“4 7‘4311 g4 % =
£271999) humic substanceﬂ 4L AH3)
915 AT AdHo R £AEY] suitt F7]
Hog doju} Aol £HY R7180) IHE
olch ol2dt Safoll Mol & &7 3tgE] £¥
A AAH) AT /K718 AR @7
S8 AN gy a3 ANE AFsiele)
AtgEh o|FdA s Fol £EEHY e £
A5 ofmjieAte] thE Ate ol & AF o}
ulizAbo] EjAv|BE 9 &8E {71EY UA
S71E2e] A ol &HE ZAEA B F7]
£ Qo] Ay g wledx Fa8 ¥v ohyg,
ojm:zAte] HPLCe 2J& ¥ - ¥4 AuE #71
2o EXEAY % ALA BeEe AA5EA
AT aEa e {71 a8t g3 FASEE
waled WS 233 AEE o]RE 4 g AR
Atz gt 3] ojukeAte | 4FollA D-form¥} L-
form 7}o| racemizationg SAEH =W o] AL
£ FFE FANAE FAHA o] 8E5 A
(Bada and Hoopes, 1979).
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£& %7 SgES ¥8 F&31 HPLCE o8
8o 2 &F oAbz} B§ opn|ite] k-
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B dFE g 58 ddd X3 e Y
FADEL] 308 FEAeA 1991 109l 02,
06, 109} 371 AAA Niskin HF71E o] 83t
F2qA AZ71A 10~20m Ao #AFE A
Halgch A7Lde Fig 1ol vebd uieh 2o
% f7 #g2e F£ AFE s AFH

= F3F9 1 literEo)] teflon &7ic ¥oizn
?——JT £& AR olrlxity AFE flsko 20
m/g) teflon viale] WolaA F —20T FoijM B
o] APHE AN F FA] EAEJG #2 2
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Fig. 1. Map showing sampling stations in the study area.

AexE STD meter(Salinity temperature depth
profiler, M/D; AST-3000)Z ol &3t @R &
A At
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A9 1 liters] 4= pore size 045 ume! Gel-
man teflon filter paper& «#% ¥ HCl(Merck)Z
Abgste] pH 252 233 F C-18 Sep-Pak cartri-
dge (Waters)Z S A Zch o] wf AH&¥ Sep-Pak
cartridges 8413}¢9} fluorescence background=
Hrslels] o 200md ©}42 methanol (Merck,
HPLC grade)2 HAeshs Ro] FHez £
Fo A vtebgth Sep-Pak cartridges) F3¥€ &&
£7) AgEe 4z 10m/9 50% MeOHI} 100%
MeOH¢] 213} moderately hydrophobic fraction}
hydrophobic raction® 2 ¥ FEH 20m/ tef-
lon viald) E#HHACH

2. = X|8 ofojicAtel HPLC 24

£2 A% olu|xAE AEE —20TA B
o] AydAdz &AX F FA E4HUH &&
& olnji4t F primary amine3} amino sugar
£ 42 o-phthaldialdehyde precolumn fluorescence
derivatization® ©]83ld ODS HPLC column®
ol g3t B BAstgch AHgE ODS HPLC co-
lumng& Merck column (LichroCART, 4 mm i.d.X
250 mm)® Rexchrom reversible column(5-micron
100 Angstrom, 46 mm i.d.X 250 mm)$ ©| &34t
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HPLC% binary gradient system(Shimadzu, LC-6A)
& A28l 3 mobile phase 2+ methanol(Merck
HPLC grade)® 0.05 M$! pH 6.82] sodium acetate
buffer(Sigma)E argon gasZ degassing 3} AH§
9t w8 detector= spectrofluorometer (Shi-
mazu, RF-540)3 A48 excitation 37 342
nm$} emission 3} 452 nmoll A slit width& 2+2t
10nm2 ste] ZA3l¥ch. 2t DFAAR A5 ¥
T3 opux Al §F Al2KSigma, stock No. AA-S-18,
kit. No. LAA-21, DAA-20)3} amino sugar(Sigma)
2 g-Aba(Sigma)< 500 nM3} 50 nMZ 3l 22
Wog 235 F ARPHNoRYEE FAHUTG
2E BAMo gdg3t Aot 9 buffer 242 MI-Q

Sl =
=TT B

Argstd Az #FFY oAt
HEEEE NG 9 BALo] Fujge s EAshe
primary amine2 31#3}o] Alekd] blank $EE
HPLCE ZA3% & Az AnzRe BAHY
ok

reagent water system© 23E] do|y

ass
=

w
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= J1583 olalimatel s Y HPLC

DHAAZ 2437 98 100% MeOH¥ 50%
MeOHZ $2 ¥ &% #7] 8188 F 05mE 42
hydolysis tube(Waters, no. 07571, 4 mm i.d.X50
mm)oll A nitrogen gasZ dryAlZ] ¥ tubeE teflon
valve7} 22{E hydrolysis vessel(Waters, no.
07363, 27 mm i.d.X 90 mm)ell ¥ 3 6 N HCl(Pierce,
no. 20309) 300 W& vessel vl 7} F argon
gasZ 10% E< purging 4§tk 28l vessel

He o 01mbar off2 AFAA < 160C 9
heating blockol Al 408 E<¢t 7HE &t Tsu-
gita et al., 1987; Keil and Kirchman, 1991). ©]@
2}£-9 hydrolysis tube$} vessel-& 600T oA 5A12F
zol Axdd F AEHNUD 7HEEE tubes
A e} Ao A3 A7 F oA nitrogen
gasZ driyA AT Ax¥ ARE sodium acetate
buffers. £3idte] DFAA 4 o} e Hajz
B9 B Apo e 71EY 24417 acid hyd-
rolysis method 2 microwave-induced hydrolysis
method(Engalhardt ef al, 1990), 18]3 vapor-
phase hydrolysis method(Knecht and Chang, 1986)
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Fig. 2. Vertical profiles of temperature (A) and salinity (B) in the study area (Oct. 1991).

£ SAd A¥s) ¥ 23}, vapor-phase hydrolysis
uiglo] 7bd 2 A8S JIA JHEES WY
o} 4 1%tk Microwaved o]4-3 7H-#3f iy ol
ASE BaATo] 1, 289 2aEA] got ARt
2l Wold 1A $¥sn #i ELE HnH
F53 "o, Wie T A (200C oPHeE
Q15ted hydrolysis vessel?] teflon liners} tube
capel E¥WEL dodle @S Bk

dop 3 oE

1. 2 9 g&Ex

2 a7 sidelr 1991d 10¥9) 2 BE¥T
A 0290 E 19.25~20.12T ¢ W2 Ho 1957
Tz Jehds, AA 06914E 1541~19.88T
welz BHE 1892C 2 vehdd (Fig. 2). B3 10
ME 1322~19.90TC o) WYz =T 1740C 2
Uehd agkodel 91x¢ Fyuch o) X

APl e £ BEE BT 59 531

BExo 2o Agtde] xg HY 0294 = o
A2 ®EZ2 AZ) & AolE HolA got F
2AEFo] z o]Foln AHFe Bk Al 9
218 BA 10904 239 AF0e] o 6C Bxe
F2AE Byon g3hivl 4 20~30 m Apolol
D iEo] dAH0] e e Btk dEEY
79 AR 0201 ME 3252~32.56%2) BASZ B
o A 067 10 7z} 32.31~33.10%, 31.92~32.
88%2] WHE Hd dERY Ase Fi=
g dgtedol JElde s AFE Friske ¢
A4e Bgon FERus HEoA o 5
4g BYch

f
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2. 8& X olojcAHDissolved Free Amino
Acid: DFAA)S| REEY

#oke] && Af olviHDFAA)S f7] #F
o Ftg A #de] §5 {7 Y E 5 R
e BEMDOCY 0.1~05%)S A3k a4
Eol o) 4143 Fajslo] AsietFR oz ol
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Fig. 3. HPLC chromatograms of amino acid standard

(A) and representative sample of DHAA (B) at
station 308-06.

A Eekw® AgAg zteth Fuhrman(1987)%%
Jorgensen(1987)0ll 31H DFAAE #igst BolA
ol Ee & AAEC F8F PEL AAzhe A
oz geiAlc E§ DFAAE Wegole] Aast
ghre] FTEHUoZA diAte Aol o g gt
Arel 20% oldE FFse duiAdez B
o} el s A o) building block A% o] &H+
z9% §7] 3%Eolch (Fuhrman and Ferguson,
1986; Fuhrman, 1990; Suttle ef al., 1991). DFAAS]
FrE 9F7)d) ge wsl Yavt 4dE E A2
HET el Jorgensen(1987)2 AN A
Ao 5ul7+x] W3 Mopperst Lindroth(1982)=
Black SeaclA] 30nMdlA]l 400 nM7HA| FF X9
W3E Baslgrh DFAAY FF&E F AN
200 nMollA 1,600 nM2] 9ol o m(Jorgensen,
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Table 1. Concentration of total dissolved free amino
acids in the study area (Oct. 1991) (unit: uM)

Depth(m) St 30802 St 30806 St 308-10

0 0.65 035 033
10 0.52 008 0.16
20 033 0.66 002
30 - 0.09 002
40 - 039 0.03
50 - 024 0.05
Min. 033 0.08 002
Max. 0.65 0.66 033
Avg. 0.50 029 0.10

1987), AAgo] & At @AMe < 100nM
A%, open ocean®] EZFIME 30nM Fxeh
Baggon dotos HojA4E DFAAY Fxv
ZAagttn Buso] ltklee and Bada, 1977;
Mopper and Lindroth, 1982). §-& A ofn|x=4te]
FEYoeME NEEFAEY TEEFIAEY )
Mo} Mxe 33, FE2EFAEY fecal pellet
2o Rt B ojnliitel B, 8F H3F ofv|
Ak iR & TEFcHFerguson and Su-
nda, 1984).

2 Ao EarAg oivim4t HPLC chro-
matogram®] ¥ Fig. 3o] Uehd @it ¥ £
ApHdojr] ZHY £F AF ofvlxAte] FEE
= dotoll 9118 BA 02044 s =7}t 502 nM
olgen e B 10914 104 nMe] B
Y52 Ho Adgy gie & FRAlE
B9tKTable 1). 8 FefFo] &A= A4
1001ME $4 20m o139 EF FIANMe 170
nMe) ¥=E By, AFMe 3BnMe FEE
Bo 23 AE5H e & FEAE BA
olgld F5 B¥Z Hol B A7 A && A
opulizAbe] BEE Aoty ¥F9 {718 AN 4
n el Eajsl AHI JAE 7N AT A
g9t g9 §& AF oluixite FrE Y&
e wxo vz Bd dAz fAE F=
wejyel dE ez JEhgori(Table 2) =%
North(1975)7F 231& sfake} duizQl DFAA ¥
59 02~20uMe Hojux ¥e& ZAARE BA
c}.
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Table 2. The distribution of total dissolved free amino acids in di.

« region of the world sea

Area Conc.(uM) Adopted from
Frederiksborg Slotsso, Lake Hylke and Lake Almind 0.078~3.672 Jorgensen (1987)

Southern California Coastal 0.014~0.066 Carucci er al. (1984)

Baltic Sea 0.030~0.400 Mopper and Lindroth (1982)
Black Sea 0.005~0.120 Mopper and Kieber (1991)
Delaware estuary 0.05~140 Coffin (1989)

Sargasso Sea 0.01~0.30 Vaughan and Mopper (1987)
Yellow Sea 0.02~0.66 (Oct) Present Study

E AT s §& aAf olvixeit F S
ol At O 2 & aspartate(Asp), glutamate(Glu), se-
rine(Ser), glycine(Gly), alanine(Ala) €22 ©]&{§
SE AH olvicate] EXE AEEFIAEY AW
A $4FHez2 Yehte obufeite] x4 (Cowie
and Hedges, 1992)7 ®|@a {AlstAl Jebgtch
otujizate z} rjgte] EAo} wa}l acidic group
(Asp, Glu), amidic group(Asn, Gln), aliphatic hyd-
roxy group(Ser, Thr), amino sugar group(Gal-NH2,
Glu-NHy), aliphatic neutral group(Gly, Ala, Val, Ile,
Leu, a-Aba), aromatic group(Tyr, Trp, Phe), basic
group(His, Arg, Orn, Lys), sulfur group(Met) &
©2 Table 30 Uehd v} go] £FE + Ut
B AT #9ge & 71dd opn =4t groupd]
A<l mole BH8(%)-< aliphatic neutral, aliphatic
hydroxy, acidic, basic groupcl ZtZt BT 47.89%,
2364%, 15.83%, 14.03%<) mole %& Rt °olF
Aliphatic neutral groupe] 7§ $X3h= ez
Uelyor} ol glycinedt alanine2] F=71 ©]
group o @o] E43}7] djE-olth glycined ala-
nine aliphatic neutral group FollA 32l &
w7} APs Ak gukR o2 glycined polar
o}p|:=Ato 2 hydrophilicity”} ¢ Atk 2 v
o 2% aliphatic hydroxy, acidic, basic group &«
02, sjFd golsld EAE 4 U= hydrophilic
fraction ©] WMZ ¥ H&& AX sk A
£Z 2§ ofvxxAt Fo|A amidic group A&
o] MEHe) PAEC amino sugar group & A
ZAF BAAA A YehA] gtovt F¥£8 &
peRE §71%2 Fode EAsHG AFFH
22 A% opulx it A glutamater} Bl FH ol

Za)8l= AL glutamatert B ool At Fa 73

(asparagine, histidine, glutamine® proline)9] %<t
gAHEA2 Jehtr] ojEo]tiLehninger, 1982).
Cystein®} lysine] Eaj# g % glutamate’t &
o5o] ok #1439 aspartates FA A £ 3
wAE F gl opxmtd Hyk ofuE} gluta-
mate9}+9] A§8}8}& <] transamination T4 & 3] A
A9 4 9t} Glycinedt alanineS AA gz
ZollA 71 Bo] EAsta, 2t7] threonined cys-
tein®) Bl ZFh Mz Jehdth Serine =g A
A A FoAa Bol EAEta low A w3
27] &) dF Fo ¥ L€ duE AT

& sick

3. & 7R3 oio|‘cAKDissolved Hydrolyza-
ble Amino Acid: DHAA)S| BRX SN

sjokel & JIpEE olmte §& AF of
oieite) FEFYE 2 Sddo2A Hg YA
Aoegd 98 48 92y nAEY 712
2 g diAle 8o A4k a7F] BT 51%E
7ldddhe Aoz RuHUT, & JHpES ol
wARS A ojpiidte] FEHETH HE 104 A=
o o2 HWcin 4#A dckBada and Hoo-
pes, 1979; Coffin, 1989). ¥ AT AN A 50%
100% methanolell ¢}3ted Fel52d BHE {71
TS 33y FHEA Moz EAT At
w2 A, 2 4F) d5 T B 77 SgEL
2}7] So)3t fluorophore2 HEHE 2709 A+
ZEHER EATS ¢ F AU

B A7 sdoi 24dE BF stedd obrlx
Aol v dgkdo] A4XE AH 02dMe A
g57183 REoMe= Hy 518uMe FEE X
An AFAURFYEE FEAME BT 275 M9
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Table 4. Concentration of total dissolved hydrolyzable amino acid. in the study area (Oct. 1991)

St. 308-06

Depth St. 308-02 St 2308-10
(m) B-fraction G-fraction B-fraction G-fraction B-fraction G-fraction -
*0 6.99 2071 529 1149 491 14.38
10 325 40.60 7.63 15.11 441 9.10
20 529 21.18 7.54 39.38 7.93 19.82
30 596 18.04 2.56 72.51
50 3.89 19.48 274 738
Min. 325 20.71 295 1149 232 738
Max. 6.99 40.60 763 39.38 793 72.51
Avg. 518 27.50 5.55 20.85 415 26.56

& Jeldoh sl AE 1004 AAY
2B YA W 415 M AFANER R
NE 3T 2656 Mo FEE R rHTable 4). A
FAWEARR] &F JleE ofnxite A7
HEAREe &F JlpRs] olnxtEnh Ao
o2 ¥& BEE BYon, Ad9d AX% 33
027} el A 108 GAHoR F& FES
Bk =3 £3589 EXe HF v A
Hog FFo] L FTEE By AT T
B¥E £ A% ool Atd opipstAE A
2] #7185 4aE 93 BAE e o8
Atg gk &2 JREs obuedt F 33 of
oAb £& 2§ oluiAte] 749 ol aspar-
tate, glutamate, serine, glycine, alanine 522
Ebteh 2zt sidtel SAe) we} £/ opuixit
group % aliphatic neutral groupo] 71 $-33lo
£& 27 otulicAtyl FAE Z#HE HicKTable
5). 2 7oA o} He 7Rl AAF vapor
phase hydrolysis ¥o] o R9] 247 AbH= 7}
83 2y sfde] ol HolUAT amide
group?) asparagine¥ glutamine& t¥-& 23] = o]
aspartate®} glutamate® HPPrh=s Hojoh EF
tryptophan, serine & threonine®] Y% #3715 7|
2ol group ¥ BXo] Y] A AFHe 2
FAge2 old diF AF o] ATEHAH}
gk, 89 M EHel 2AAEQ amino sugare B
AR ATANELRENMN vehds v AA
QEARR Y Feoe AFAA F259 mole

%7} EIR AT o A BANE o] Akl

7ol wel dEdAde A E humic substa-
ncest 22 AFANF7IERS 43 AP
HRA 849 amino sugar R 2] HIEE0
% Afetd vehbe @4e= Alsdth @9
AH 10914 acidic group2 EEolA AEow T
F2 mole %7} 483 A+ HHE basic groupe
B HEFog2 U442 mole %7t T8k U
4 B9t ol heterotrophic activitye] Z7}9}
basic groupe] JhEQd <AL wWEoz ¢
ltiMopper and Lindroth, 1982; Mopper and
Kieber, 1991; Millero and Sohn, 1992).

4. Alanine2| D/L racemic ratio

Glycine2 # 2% olu] == 17] o429} chiral
center?] ©AYAE ¥y gloug JiHRog
AATFZ EAHL ZE enantiomers(L, D-form)S
7hA 2 glew Ajgke]l Adel wel racemization
A& AXcHCarey and Sundberg, 1983; Lehni-
nger, 1982). ol EAshs dlEE ) ofvlite
Lform 3elg EA39 442 D-amino acids
bacteria®] cell wallolA] 71918 4= QA9 HEEH
7198 e 31839 racemizations)] &% Ao
2tedA gltiBada and Hoopes, 1979). ¥ -t
A= aspartate, glutamate, serine, alanine, isoleu-
cine9] enantiomerZ ¥ - ¥4 3o o F
o] obmical & 7bF EXE BE ofuixad
Z 7}4 7] haif-time& 7}l alanine9] D/L race-
mic ratiocf =334 BBYF A5y B AT
A 22 o) D/L racemic ratios EFolAM AFo =2
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Table 6. Alanine D/L racemic ratio in the study area

(Oct. 1991).
Station Depth D/L ratio

(m) B-fraction G-fraction

308-02 0 00905 03372

10 0.1435 0.1165

20 0.1224 04115

308-06 0 0.1239 04030

10 0.1418 0.2949

20 0.1575 0.2418

30 0.1581 0.3261

40 0.0980 03774

50 0.1231 04344

308-10 0 0.1200 0.2092

10 0.1169 0.2779

20 0.1031 03777

30 0.1383 04507

50 01211 02117

Ave. 01258 03086

SD. 0.0191 0.1002

248 Zylshe #Hog ¥uso| 9loviBada and
Hoopes, 1979), & 97 349 A¢ dF72 &
Z3 AZo] EFHER HopE AHPHE B F
Aok H@Aeg D/L racemic ratios AAHUE
AREL 0136012 ATFAREDATEL 0347
el gdidez AFANRNERFEY D/L race-
mic ratio7} AANEAREH £ 7S 1Yt
(Table 6). oli= AAREAY] Aol Fze=
e, AEVIYY £F R/ BEgEH AFAY
EAe 433 edd &2 §7] gFgEclge A
Ag ARAY 7 Av FAY & + Ut oy
o}u]lx2be] D/L racemic ratior ¢t HHAbs £9)
A49 tE] A% AFlM £ & A5F /7]
FEEY Ay dHE FHE & de PHE
AN F e Aoz AEgd £F oivkl
D/L racemic ratio €7~ humic substance7} %ol
Qs HAEYWY = {FU1ES s
dE 299 A o) HEE AL HAY AY
B4 olslisted 8ol B 4 U7 HEA AF
ojofl IF $8A7rF WoF Aoz Agdo.
AgAH o2 oulicite] UM =od £
Fo| Aze} 7Ee £& {72 U THEES
gt B a5 Fo £& f712HL o2

3-AAZ

23t 3™ -&(turnover rate)o] wj9- wWE G} 3
Hel 71223 vwd HyAge =d BPA
A

[e]

12
T A

AF718d2 Fojd 4 gk oA Adlf
EZL Aol EXAE] #E AEVY &
B3 Wiy 8ol AR ow E@eEL
ZAA% o] vl¢ 71 humic substance$} & A
AdK71EA2 2% 8 5 Uk AAYR71EAe
7198 1 2/do] YA G 24 {FAIE
A F4ol wig HeHg n2E o YEAFe
A4 F71EFE2YE a9 Ao wdrh Y
AFARF71EZY 4L A AFE A
AAUG71Edo] Esigel wet FRHoE {71
Abe] £848 zhe AeolA Fole 2 @Akl
AR £ZARY HFALEAR sirFo) AR
He ez Btk FvE s AHEE AAYREY
Sdo] Aty o g BarlEaht FEsr & <
5]% 9P humic substance$t 2 AFANEAS
Asletdo 2 ggadoit Fistsl vfg gojgt &
3¢ z+= Ao|tMopper and Zhou, 1990). we}A
L& AR obvtnt e sgFe d¥A {7
AL YARTIEY 12034¢] BEjek £1 HER
Hee 2y 223 sy AIXzRee] giA
HALE Aol WE olejof] AVid K71 A3ist
A B 9 #|oF ®EZolA humic substance?] %
Ag} Bo 3l AdE ¥ AGHER FFEHE
Aede] AFE Ay AR AlREY o33
2ol sjoke] £& {r1EHE GEAGE, AAY
#7183 z8la AFAHRFIIER] AEAH
4g§ DA A3HHA time scaled e
34 2 FAARE B3 SR Ao
Atg gt

K

i}

&5, AL, 2EA, dHRE, 1989, Ba) FR-o IF



ge} & 4718 &

g3} f@Eolriet 2 vBE EX AL Yel-
low Sea Res., 2: 1-12.

Bada, J.L. and E.A. Hoopes. 1979. Alaninc enantiomer
ratio in the combined amino acid fraction in sea-
water. Nature, 282: 882-883.

Carey, F.A. and R J. Sundberg, 1983. Advenced organic
chemistry. 2nd Ed, Part A, A Division of Plenum
Publishing Corporation, New York, pp. 6197.

Caducci, A F, D.B. Craven and S .M. Henrichs, 1984.
Diel production and microheterotrophic utilization
of dissolved free amino acids in waters off Southern
California. Appl. Environ. Microbiol, 48: 165-170.

Choi, J.K,, Y.C. Park, Y.C. Kim, $.K. Son, H.J. Hwang,
B.S. Han and C.S. Jung, 1988. The study on the
biological productivity of the Fishing Ground in the
Western Coastal Area of Korea, Yellow Sea. Bull
Nat. Fish. Res. Dev. Agency, 42: 143-168.

Coble, P.G., S.A. Green, N.V. Blough and R B. Gago-
sian, 1990. Charaterization of dissolved organic mat-
ter in the Black Sea by fluorescence spectroscopy.
Nature, 348: 432-435.

Coffin, R B., 1989. Bacterial uptake of dissolved free and
combined amino acids in estuarine waters. Limnol.
Oceanogr., 34: 531-542.

Cowie, G.L. and J.I. Hedges, 1992. Improved amino acid
quantification in environmental samples: charge-
matched recovery standard and reduced analysis
time. Mar. Chem., 37: 223-238.

Druffel, E.R M, P.M. Williams and Y. Suzuki, 1989.
Concentrations and radiocarbon signatures of disso-
Ived organic matter in the Pacific ocean. Geophys.
Res. Lett, 16: 991-954.

Engalhardt, H, M. Kramer and H. Waldhoff. 1990.
Enhancement of Protein Detection by Microwave-
Induced Hydrolysis and OPA Derivatization. Chro-
matographia, 30: 523-526.

Ferguson, R.L. and W.G. Sunda, 1984. Utilization of
amino acids by planktonic marine bacteria: Impor-
tance of clean technique and low substrate addi-
tions. Limnol. Oceanogr., 29: 258-274.

Fuhrman, J. A, 1987. Close coupling between release and
uptake of dissolved free amino acids in seawater
studied by an isotope dilution approach. Mar. Ecol.
Prog. Ser. 37: 45-52.

Fuhman, J. A, 1990. Dissolved free amino acid cycling
in an estuarine outflow plume. Mar. Ecol. Prog Ser.,
66: 197-203.

Fuhrman, J. A. and R L. Ferguson, 1986. Nanomolar co-
ncentrations and rapid turnover of dissolved free
amino acids in Seawater: agreement between chemi-
cal and microbiological measurement Mar. Ecol
Prog. Ser., 33: 237-242.

Jorgensen, N.O.G., 1987. Free amino acids in lakes: Co-
ncentrations and assimilation rates in relation to
phytoplankton and bacterial production. Limnol.
Oceanogr., 32: 97-111.

Keil, R.G. and D.L. Kirchman, 1991. Dissolved combi-
ned amino acids in marine waters as determined
by a vapor-phase hydrolysis method. Mar. Chem,

A g oolmjat 24 181

33: 243-259.

Kieber, D.J., J.A. McDaniel and K. Mopper, 1989. Pho-
tochemical source of biological substrate in seawater:
Implications for carbon cycling Nature. 34} 637-
639.

Kieber, RJ.. X Zhou and K. Mopper, 1990. Formation
of carbonyl compounds from UV-induced photode-
gradation of humic substances in natural waters:
Fate of riverine carbon in the sea. Limnol. Ocea-
nogr., 35: 1503-1515.

Knecht, R. and J.Y. Chang, 1986. Liquid Chromatogra-
phic Determination of Amino Acids after Gas-Phase
Hydrolysis and Derivatizaton with (Dimethyla-
minojazobenzenesulfonyl Chloride. Anal. Chem., 58:
2375-2379.

Lehninger, 1982, Principles of biochemistry. Worth, New
York, pp.95-120.

Lee. C. and L.L. Bada. 1977. Dissolved amino acids in
the equatorial Pacific, the Sargasso Sea, and Bisca-

'yne Bay. Limnol. Oceanogr., 22: 502-510.

Lindroth, P. and K Mopper, 1979. High Performance
Liquid Chromatographic Determination of Subpico-
mole Amounts of Amino Acids by Precolumn
Fluorescence Derivatization with o-Phthaldialdeh-
yde. Anal. Chem.. 51: 1667-1674.

Millero. F.J. and M. L. Sobn, 1992. Chemical Oceanog-

-raphy. CRC press. pp. 353414

Mopper, K. and D.J. Kieber, 1991. Distribution and bio-
logical tarnover of dissolved organic compounds in
the water column of the Black Sea. Deep-Sea Res,,
38: 1021-1047.

Mopper K. and P. Lindroth, 1982. Diel and depth varia-
tions in dissolved free amino acids and ammonium
in the Baltic Sea determined by shipboard HPLC
analysis. Limnol. Oceanogr., 27: 336-347.

Mopper, K and X. Zhou, 1990. Hydroxyl Radical Photo-
production in the Sea and Its Potential Impact on
Marine Processes. Science, 250: 6612664

North, B.B., 1975. Primary amines in California coastal
waters: Utilization by phytoplankton. Limnol. Ocea-
nogr, 20: 20-27.

Sugimura, Y. and Y. Suzuki, 1988. A high temperature
catalytic oxidation method of non-volatile dissolved
organic carbon in seawater by direct injection of
liquid sample. Mar. Chem., 24: 105-131.

Suttle, C.A. A.M. Chan and J. A. Fuhrman, 1991. Dis-
solved free amino acids in the Sargasso Sea: Uptake
and respiration rates, turnover times, and concentra-
tion. Mar. Ecol. Prog. Ser. 70: 189-199.

Suzuki, Y. and E. Tanoue, 1990. Dissolved organic car-
bon enigma-implication for ocean margin. In: Pro-
ceedings of the Dahlem workshop on “Ocean mar-
gin processes in global change” Berlin, March 18-
23, 1990.

Tsugita, A.. T. Uchida, H.-W. Mewes and T. Ataka, 1987.
A Rapid Vapor-Phase Acid(Hydrochloric Acid and
Trifluoroacetic Acid) Hydrolysis of Peptide and Pro-
tein. J. Biochem., 102: 1593-1597.

Vaughan, G. and K. Mopper, 1990. Determination of



182 I e R o R e b

nanomolar level of formate in natural waters based residence time and speciation: a review and synthe-

on a luminescence enzymatic assay. Anal. Chem. sis. Mar Chem.. 18: 269-297.

Acta., 231: 299-303.
Wangersky, P.J., 1986. Biological control of trace metal Accepted June 4, 1994




