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A1ZAA  E

ofv]i Ak ¥ EAb <bell efmnrlel FhEELVIE A=

718 EE, dASs A sk 7P 71 ARl AT E4ely

Fero] = (peptide) dfs F3 I3 Z2|3lEke] = (polypeptide)
B¢l E3 ofw| At (combined amino acids) 2] FE|Z =4 gt

85 2 9 Y ohlwate BE Ao F ALEd b

r\r
i
oo
b

o}u] = Ak (total hydrolyzable amino acids; THAA) I
o}u] = Ak (total dissolved amino acids; TDAA)@}x 3t}

ofuliAbe WS Ty

],

rlr

G A o] Ak (protein amino

ol

acids) @ vlg@AA  o}u| Al (non—protein amino acids) ©]
A%t} Gly (no chiral center) & #|2J3F YR ¢ ofv| Ak
7124 (chirality) &  7FAH™, 23 d4 (Lavo—rotatory,  left

handed) o] d &A1 L 3 334 (Destro—rotatory, right

9

handed)o]"d & AN D G A=A ol YAA7E EA .

=

el =48k

Flo

Aol EA sk iR ol Al
eytotu] =4k (@ —amino acids) &2 L F(L-AA) o= A3,
D& D-AA) S Aol A4 o] &HA =tk D-AA = L—AA 9]
240 A EE oy ¥ ouyAE wrol 2pAm| S (race—
mization) ol 2l& D—AA o2 W3SAY, aIHSAI (gram—

negative bacteria) W 18U (gram—positive bacteria) 2
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]_

rlr

NE] == 7 (peptidegly —can) O Z H-E]

ol

A EE S T4
71918kt}, o] & D—AA & L—AA © H|dlo] A& st o] & x 9}

Hk-gAJo] zrop BEAo| 1 WHEA (refractory) = 7FXI T

A E AL A 7]ttt £ f@olu =Xk (dissolved free

amino acids; DFAA)S A EA|of o}lF w=Z4 ol gx&= AREo=

53t ofm-Ab(dissolved combined amino acids; DCAA)
avgo® 2 wkeAdE 74, semi labile ¥ FANE SR LEA
Ath(Kaiser and Benner, 2008). allYd&H A= F7] A9
il AAEZ] wEel /71 A&7 BEAAe Fed
TudeE AREE g dom, el HiegE o]t
leiM = obnAte] Ass Fetsh= Zlo] w¢ Fastt

FESolA THAA 9 s+ BB MHOT), Fall (East Sea

of Korea), QA (BATS) <A tZ 190-285, 248, 150—198 nM,

ASelME 45-70, 137, 87-103 nM Z ZAMESITh tfkelA]

obuliAte] B i a@erd W SAwe] Ao

Flo

A=, POC ¥ DOC ¢ ¢F 25% 183 PON % DON €] 50%

A7 g Elol= R H 7]dst f7]EE 3Rt (Kaiser and



Benner, 2008; Kaiser and Benner, 2009; Kim et al., 2017). 7% %

d

11 = ol A] THAA 9 TE= 2600—10710 nM =
A AT (Dittmar et al., 2001; Jones et al., 2005). Dittmar et
al., 2001 ©f 98t Zelde THAA o SAL 59 1%
S HAES &4 g (diagenesis)d HFozw AYHU
="l A-$ river, nearshore, surface, deep water °4] 3200,
520, 520, 250 nM = th¢fel Blgte] x> ZEE HERHITL
A=gakgoe]l v dorn EhAmElel  dFe D)ol

AT A ZF(residence time)©] Z2 AW fH Q] olu|wat FEY

e

F2 e %

M
=<
rlr
fl

okl

v EY ZE SA 71d opr| Akl
Fxo 9& AA-HH(Dittmar et al.,, 2001). GarzOn—Cardona, et
al., 2019 9 v+ duol FHom w2 Yol FEEHE
= x| "ol ek %] (the southern end of the Argentine shelf in
late summer, 2012) 94 o]FojH om DOC = ol S7tEel

wet Srkstlod THAA 9 4

o
ot
-
riet
ol
&
(@)
[eS)
0,
@
O
-
[eS)
=)
=)
@,

water; BCW)ellAl ute|g]ote] st A2 g0z <l
o] =2kl FE7F i Wi, G (CW and OW) 59 =& A&
A (Almandoz et al., 2011)%o=% <@HRo] ZF7lshe] o
ofm Akl FEUF EoldS B A st 9 koA g
THAA 2] 5% 280-810nM (Jones et al., 2005) & AL At}
ko] B A& EAsk= THAA 9o %+ 20 mM °]™ Hheglo}

HY =(maximum bacterial density)”7} #ZEH+E= 10 cm 9
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Zolo A 7HE =2 FEE  YERYUY(Pedersen et al,

2001) (Table 1).

BB UARE AHHOE Aol

rlr

ofr|:Atel YA

x2

A3 (biomarker) & &3t A&l o o]&7lsA (bio—
availability) & W34 (refractory) % #3]4 (labile) DOM 2]

S getst = AF7F o] Fo A gk}t Kaiser and Benner, 2008
cf

rlr

DOM  © g HrHgere] YRS ghefslr] 96l
Btelg]ol 2 E 7|1 D-AA ¢ $%E DOC ¢ DON 9] &%
#EFshsto] bacterial C or N(%) & YeEtl= BAAZE =3t
D-AA(¥  Muramic acid)® % AA7E gtE oo
YA A 3% (bacterial  biomarker) & ©]8-%7]% 3tt}(Bada and
Hoopes, 1979; ¥ %, 1995; Nagata et al., 1998; Nagata et al.,
1999; T. Dittmar et al., 2001; Nagata et al., 2003; McCarthy et
al., 2004; Davis and Benner, 2005; Kaiser and Benner, 2008).

ofm:=Ake] A 7= A=l (bio—

g
e
M
bl
rir
4

degradation) 2} %4 W3} (diagenetic alteration)d YWAol uwhzt
H3lehs o] =50 Bt (Dauwe et al, 1989; Tegelaar et al.,
1989; Cowie and Hedges, 1994; Wakeham et al., 1997). o] &
&gt Dauwe et al, 1999 > EHAEAIZA vz
o] =AY FEWSLE F43%ta FAE 4] (variance—originate

method: principle component analysis, PCA) S 7 * Degradation
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Locations Sample isolation Depth (m) THAA (nM) Reference
Atlantic Ocean Sargasso Sea GF/C 0-150 180-200 Lee and Bada, 1977
surface BATS HMW DOM 2 178 McCarthy et al., 1996
BATS Unfiltered 20-100 180-198 Kaiser and Benner, 2009
Pacific Ocean Central Equatorial Pacific GF/C 0-150 360-490 Lee and Bada, 1977
surface HOT HMW DOM 10 278 McCarthy et al., 1996
GF/C 0-100 350-490 Druffel et al., 1992
GF/F 0-400 161-372 Yamashita and Tanoue, 2003
HOT Unfiltered 20-150 204-285 Kaiserand Benner, 2009
South Yellow Sea GF/F 15-71 2780 Chenetal., 2016
Polarocean Fram Strait, Weddell Sea GF/C 0-140 390-680 Hubberten etal., 1995
surface GF/F 0-30 320 Dittmar et al., 2001
GF/F 0-200 229-287 Davis and Benner, 2005
0.2pum 20-100 199-447 Simon and Rosenstock, 2007
East Sea surface GF/F 0-150 218-278 Kim et al., 2018
deep GF/F >1000 109-160 Kim et al., 2018
Atlantic Ocean Sargasso Sea GF/C >1000 70-140 Lee and Bada, 1977
deep BATS HMW DOM >900 89-122 McCarthy et al., 1996
BATS Unfiltered >1000 87-103 Kaiser and Benner, 2009
Pacific Ocean Central Equatorial Pacific GF/C <1000 100-160 Lee and Bada, 1977
deep HOT HMW DOM 4000 109 McCarthy et al., 1996
GF/C >1000 90-180 Druffel dt al., 1992
HOT Unfiltered >1000 50-60 Kaiser and Benner, 2009
Polar ocean Fram Strait, Weddell Sea GF/C >1000 131-103 Hubberten et al., 1995
deep GF/F >500 250 Dittmar et al., 2001
GF/F 1000 112 Davis and Benner, 2005
Coastal ocean Florida Bay GF/F 0 280-810 Jones etal., 2005
Freshwater wm%ﬂﬁ%&. froshwatercanal oy 0 3790-10710  Jones etal., 2005
Marine sediment 20000 Jorgensen etal., 1999

Table 1. Concentrations of THAA in fresh water, coastal and open ocean.
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Figure 1. Sources and sinks of amino acids in coastal waters.
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F42E S48 DOP 9 wx= DTP M DIP & zHatsto]

Al gl EAS= ®Aa+= TOC—Vepy, Japan (Shimadzu) &

ut

A (Fig. 4), I E A= $-nk7) A 2 5}

i

F&EZu Ak (HTCO, High Temperature Catalytic Oxidation
method) & AHE-38lo E5F CO; 2 AMSAIRIG WMgoz I
dFvE SreR AAA el 7200 C2 B9 COx= Absts
B4~ E NDIR (non—dispersive infrared absorbption) o4 ¢8-S
S48t A7IHA R wbre] BASIH ARAIRR Milli-Q

water & LCSW (University of Miami, USA, low carbon sea

b

water) & AFESFSa, HAFAE F8 Mol KHP (potassium

hydrogen phthalate) & AL-8-31o U= A
¥ %= 4 (certified reference material; CRM) Z Miami deep
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seawater reference sample (University of Miami, USA, 41—44

OM) & ARg-3sFe] BG83

THAAs ¢ 542 2yddfEAstE sl A4 A5
HPLC system ¥ HPLC ZAHE Atgd] wste] FFEE
=743}t (Fig. 5 and Fig. 6).

%% A DCAA 9 Hetol= Ags o33 Po] &9 2t

7b-3l (liquid acid hydrolysis) & &3to] #o] X5 DFAA 9
el 2 vl 12 M HCL 5 mL € 11 mM ofAz 28 Ak (as—

corbic acid) 50 OL, =< a5 A& 5 mL = 500° C o]AtelA]

2
b

5 AF B F71EAS 3t 2] ¥E (20 mL glass golden

=

band ampoule) o] ¥o] 7}

:I:’/
i)
o

g < Ata g9 e dEdel st

[‘

Fbgel astg w9

o
1o

Wl ¥ 7k(headspace) &
A7~ (pure Ny gas) ® 2F 1 #7F E27d (flushing) st o] wj,

I 58308 o3t 7] & WA o4 Fodnt. & niE

ol

d

EXE AFgs] Uad FH O Zge] P (dry oven)ol Yo <F
110° C(£2° O)ollA 24 A7+ T3t ZAF}. 7Hris] g st

asparagine ¥ glutamine & ©opv]:=Hk-8 (deamination) &2 Z+2z}

15



aspartic acid ¢} glutamic acid
=

o’delld 5 AIZF <t {7
mL 2 &35kl HCL trap & 2% 542
T4 AxE IPg. ow HCl &
maAgeor  AxdEnt.  dxd Alss B4 dl
ZA2Y 5 7] (deep freezer) o] ¥o] —80° C o|3tollA HA3FAL
1.5 mM sodium azide & W] ¢ s &3t Byto] 7hsottt. ME9]
TAAZE €5 F 24 AFE Qo] BAS ¥ B 47 C oA
etz o2 HPLC & AH&a 545 skt (Fig. 7).
542 HPLC Ads sHs]el 9M FEAE FEshs
sy AHGFEAY (pre—column derivatization method) &2
APatAct B4 A Az AlEE pH11.5 Milli-Q water , 18.2
MQ16 1 mL o AL A7 & o—phthaldialdehyde (OPA) 2} N—
isobutyryl—;p—cysteine (IBLC/IBDC)S 20 pL A Y1 &5
swsl Aoled. ZAdel syl Aol FEAVE +:2E
AE= F4 (injection) 10 &Aoo FEAES HolF3th. OPA ¢}
IBLC & (regent)= B ARG Alo] Mo w=EHA drx
Foth vid AMER FEA ARE ARSI "HE FEA
A5 9718k T
HPLC ¢ o]&4o%+ Eluent A: pH6 Sodium acetate
trihydrate, B: Acetonitrile (CH3sCN, HPLC grade, Duksan, Korea)
16

500" C

2 AgHT. 1 oF
< 4% HPLC 2 mL vial o 1
Ax715 ARl et &tell
AAE L opr] ik
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2 Uad 2o

100%E AHE3tSlal, flow rate: 1.1 mL min
100 #eol A 98%°lA 76%, 105 ol 76%°lM 20%%
gradient & AAslFAomn, 2t S4o] g5y Fol= Eluent B
100%= 10 7 Ads Akt 52419 FdEs At 330
445 nm o FFM FAHAH 4 AE9
+5e 25" C AEY 25 4 C =
4% (Altima HP 5 Om

nm and Aenm =
TYFE 100 0L, HH
dAsto] AT e AFE 94 Cl18 %
C18, dimensions; 150 x 4.6 mm) S AF&38to] =743 o} (Fitznar
2001; Yan et al
e

obv] 1 4t9]

2015) (Table 2)
12 7kA] 9]

A L&D—Alanine, L&D—Asx (Aspartic acid +

L&D—

A
ful

et al., 1999; Dittmar et al
et 2 WRylow 5449
A ot -
Asparagine), L&D-Glx (glutamic acid + glutamine)
Serine, L&D-—threonine, glycine, arginine, tyrosine, valine,
phenylalanine, leucine, isoleucine ¥} B G = A o}n| Ak 2 714
B —alanine (BALA), y—aminobutyric acids (GABA)Z %
4 7HA9 otw|Aibs SAEAT F 7hrEE] obw mAN(THAA,
total hydrolyzable amino acids) < H|©® & Al olu] Ak = 7[A]| &
Fow 78ttt (Fig. 8)
—Q T A

Jolat A 12 7449 e @

17



2005 ¢} Amelung and Brodowski., 2002 += 38 o}v]:At(free
amino acids) ¥ £& wwA (dissolved protein)2 AF 7}EES)
g A WA= 3184 2hA|v] S} (enantiomer change) ol 2] 3]
ANEFY L 89 A olddAZ D do7 A8 gyt
DFAA fraction WeollA ZF D—AA o dia&] Asx +3.2%, Glx +1.4%,

Ser +0%, Ala +0.6%% °l#7} L—-AA o] thaix+= Aoz

rr

FAs vholus gl et wAgdth 5 AR F9 DFAA
W A (10%) EASEE, B AgelAe] A el B
ehAlv] Sell o%F THAA o] s 48 oxk: 3% odla oz

Kl

18



Eluent A

pH6 Sodium acetate

) trinydrate
HPLC mobile phase .
Eluent B Acetonitrile(CH;CN ,
HPLC grade)
Flow rate 1.1 mL min-!
Injection Volume 100 pL
HPLC setting
Sample temperature 4°C
Column temperature  25°C
Aoy 330 nm
Fluorescence
Aem 445 nm

Table 2. HPLC mobile phase and settings for amino acids

analysis.

19
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Ocean Data View

..

128.4°E  128.6°E  128.8°E  129°E  129.2°F

126°E 126°E 130°E

Figure 2. Study area and sampling sites in Jinhae Bay, southern
coast of Korea.
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Figure 3. Nutrient auto—analyzer, New QuAAtro39, SEAL
Analytical.
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Figure 4. TOC (total organic carbon) system, Shimadzu TOC—
Vcph.
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Seawater sample

Filtration

Dissolved Amino Acids(free and combined form)

Storage

Freezing or Acidification

Acid Hydrolysis
Hydrolyzation with 12M HCI

Heating under pure nitrogen

Free Amino Acids

Lyophilization
(Freeze-dry)
Rehydration

Derivatization

Fluorescent derivatives

HPLC Analysis(Fluorescence detector)

Figure 5. Schematic diagram of the experimental procedures

for amino acids analysis.
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Figure 6. HPLC (high performance liquid chromatography)
system (Alliance Waters2695 separations module) with
fluorescence detector (Waters 2475 Multi A fluorescence
detector) and absorbance detector (Waters 2487 Dual A
absorbance detector).
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Mobile phase
HPLC solvents

v

]
B
Qf
Pump A

( Pump B

Display

&
Recorder

k Samples

Solvent delivery system

2

uwn|e) 31dH

L

Figure 7. Schematic diagram of the HPLC; system HPLC
(Waters 2695, Separations Module), C18 column (Altima HP
50m C18, dimensions: 150 x 4.6 mm) and Fluorescence

detector (Waters 2475 Multi A fluorescence detector).
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A3ZZEAR A EY

s
B
o

2 45EE 23 98GR 10-14 C,

=]
-

ZAFo A RE ol A 9]

pa—

0
X

—

i+

K

3

3

. %

(o]

H

el

3

EX
=

ke

A 33.1-34.4)9]

HR1YE w, DOC 9 %= 57-100 ¢ M(FEH 73+12

Al
=

H 557 =
—Xt=

X

X

H

PN
T

Ao ez &

tﬂ:

LHERA

ERE

©M) 9]

J)

—_—
1o

0.03-8.1(F+t 3.8£2.4 M),

=
-

HAth(Fig. 9 and Fig. 10). DSi

i

Ry>
[¢]

0.02-12.2, 0.1-0.43 M (

DIN, DIP °] 7%

%)

3

l

7

1
-

o
.

A= YeErTE DIN

H
i

DIN 2.9+2.4, DIP 0.25+0.08 M)

P (=4 A3 G green A, B A3 34) oA 9]

file)
70

Ho

}

offAl= 0.21+0.33 M =

il

oA DIN

dHes & ¢ AH(Fig. 9

Il

o] AA = F7]

gl
o+

and Fig. 10).
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Y 7le e =49 DIN, DIP, DSi ¢ %= 7+ 6.41,
0.29,0.90 £ M &2 =7 velgtoen, zsiw yieo A5 0.36, 0.33

e M Z 98 559 DIN, DIP #3325 Hoy DSi(eF 7 ¢ M)+

SJHRE RV ¢HFo] Hw DSi E &HlsteE xR Aol

A= o DSi7F &nlEA] Aste& & o vk (Fig. 9 and Fig. 10).

Uelgtow £ 9 212 Eyxg BokS ), vk YRoA 9w
A5eE Frdte ASS BATh v YReldE 502+£189 nM ®
M S e Bow, v 9Fel A FH B (red O) 8}
& 4sk7-91Ql C (green A) oA = 2} 356122, 26598 nM =
S UERSTE L-AA = 48-541 nM(3 144+79 nM), D-
AA £ 13-36 nM(H# 22+5 nM) S WHZ Yepgor A

Aol L-AA & A9 L-AA 9 D—AA T3+ v oA

Q-2 AdFE A FEXE HAY. AR E2FY w17t
=A Yetston 4ol 4dS55E vEe WA ExsTh (Fig. 11
and Fig. 12).
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Figure 9. Horizontal distributions of temperature, salinity,
dissolved organic carbon, dissolved silicate, dissolved
Inorganic nitrogen, dissolved inorganic phosphorus, dissolved
organic nitrogen and dissolved organic phosphorus in surface
water of Jinhae Bay, Korea.
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Depth [m]

Depth [m]

DSi [uM]

Depth [m]

Depth [m]

Soction Distance [km]

Figure 10. Vertical distributions of temperature, salinity,
dissolved organic carbon, dissolved silicate, dissolved inorganic
nitrogen, dissolved inorganic phosphorus, dissolved organic
nitrogen and dissolved organic phosphorus in B line of Jinhae
Bay, Korea.
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25

25

Figure 11. Horizontal distributions of total hydrolyzable amino
acids, D— amino acids, L— amino acids, amino acid yields
(%DON) and amino acid yields (%DOC) in surface water of
Jinhae Bay, Korea.
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DON)

30 40 50
Section Distance [km]

DOC)

30 40

Section Distance [km]

Figure 12. Vertical distributions of total hydrolyzable amino acids, D—amino acids, L—
acid yields (%DON) and amino acid yields (%DOC) in B line of Jinhae Bay, Korea
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N,

o
ﬂ—l
i)
H‘
24

9] A B8

Ao 415 vpakek 4949 DIN 2 206.8, DIP &
4.7 M (freshwater data: Lee et al., 2009) & a5t W 3o

2 9ggs = o7 Bt o]lE AHA+9 end—member =

=4

AFEEE BeH] (extrapolation) =  F3d A&l o JFS
wAsl  EEHdoer A¥E ASE YEe= BEE 2

A (conservative mixing line, pink ——)< 18 AZXAIES Z3)

ne

o A4 Aewhy QR sEREe vmstnd s 1

in)
k)

3 ARt FAgke] Wl WAl dErgon, v delA]
DIN o] =9 &For AAHNT= & + AUvk(Fig. 13). N/P
H]&= DIN/DIP 13£12 & red—field ratio C:N:P=106:16:1 K.t}
S Rt Q0] obd Axvh Al Jgder LT o=
1 eIt} (Redfield et al., 1963). DON 2 DOP ¢ Z¢ 6+2,0.3+0.2
e M 2 AA F7] dFAelM 42 54, 69% (DTN 2 9£2 pM,
DTP+ 0.570.2 M) E A A =72 DSHS 0-8.1 4 M
(H 3.6125 M) o MYE & F7] J4G Y vpzrpA = b

A (2.8 pMlM nZHAY. FEFFAY HlES o

dlo

3} ol

rlo

-+

DON/DOP & 3t 32+47, DOC/DON = 3+ 12+3

o
fu

el 7159 $4do® DIN o nAEHI fiRite]

)
b
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Yang Zuosheng, 1984; Keafer, Churchill, and Anderson, 2005;

Kwon et al., 2013; Kwon et al., 2020).

7] % (terrestrial OM) 2= 12—-400,

Jo

21 =Z % 4= (phytoplankton) = 6—8, ¥te|2|o}(bacteria) &= 4—6 9
#e Zte Re®E dHA th(Ertel et al, 2004; Lamb et al.,
2006). £ AT 199 A 5-20(F o 12+3) 02 o]% Agkel A
o]Fojzl A+ AyHri(coastal ocean;18)HrTF Wi H
HefelM vepston s Atk 8 SA=FEH $5E DOM °] 5

EAE Aol Aow HTH(Fig. 13).
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300
200 % -
5.0
- 100
15
~
—~ 4.0 —_ RN
= = 12 RN
2 2 RS
o ST~~~ £ 9 e
0 o4 = PIIIIII o ///
- . ~o
] AN ”& 6 >
0.2 20
o g ‘ ® Bline Surface
0.0 , 0. e = [ I.I. o M Aline Surface
A Cline Surface
0.0 33.2 33.6 34.0 344 0.0 33.2 33.6 34.0 344 Bline Subsurface
Aline Subsurface
20 30 Cline Subsurface
—— Regression line
® ® Freshwater
y = -3.42x +123.62 25
2=0.31; p<0.
15 - r2=0.31; p<0.01
. 20
3 o
- N
z o™ °
8 o« " ©
A
10 o0 ® 0
= A
5 =
0 0
33.0 33.2 33.4 33.6 33.8 34.0 34.2 344 33.0 33.2 33.4 33.6 33.8 34.0 34.2 344
Salinity Salinity

Figure 13. Concentrations of dissolved inorganic phosphorus, dissolved inorganic nitrogen,
dissolved organic nitrogen and ratio of dissolved organic carbon and dissolved organic nitrogen.
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Cardona, et al., 2019 ¢} &g, ¥ A4 X
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S

9
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Z|Jolt}, Chung et al., 2000
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Aefirke] yivtew Asirt s FERY xS R &

o

i

71
FEA HAD>174 o M, FAEE>262 pM)ol A AskE(SGD,
submarine groundwater discharge) & &3 ¥5%3, o= 3=
T3 IuERTY Forn Fod JUHY Fuder #ALT

ge waETh webd, W uRelde guHom ke Bxnol

THAAs(THAA, L—AA and D—AA)

rr
R

JUPel Yo W ¥ AdFelM AF F ABYUOE

effluents) ol EAsk= #71 A2 Y2 DON oW, ofF
DFAA ¢} DCAA 7} 7H¢ @& Fi2 AAdhe so=z deA
At HE FHgelA FHlE &5 /7] Ai(wastewater—derived
DON) ellA] 10—-20% ©o]3t= 5T ov] =4k (combined amino acids;
CAA) 7} A 8Far 2t} (Pehlivanoglu—Mantas and Sedlak, 2008).
7AYo r ¥aHe e (Er) Y 9% R HFsid

Az m=2) ¢ 7P Aol 2 AFUine B 1D 9 24 A3 @<=

end—member = 3} i WE AFS AHEGT. B AT
A g A FH3S F< (Nakdong river, Korea; NDR) 9+ 3

2] &3+ A (conservative mixing line, pink ——)°l H]3}o] THAA,

L-AA ¢ D-AA ¥ % BF &2 #S B9 oy D/LH+=
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B Eo] & FFYow wAdte] FZH}H(Fig. 14).
A9 oA 7ol oflm| AR} labile dt1 EE FE 9

ofuliate] FEFeli 99k 2E ol fE thed gol T XY

(D) ALEFAA d A& AAF(in—situ production).

(2) sk A el MEsE = de9 7+,

o] ef o]Fo]Z bioavailability o tst ATE= F71EY

ol Ao AP Ao AF AlRto] 2 & oA

oful:=Atel 71 e F438k7] 28l THAA, L-AA, D-AA ¢

FE 293 7t obulte] 24 Ang wlustar

ZF obu] .= Ake] THAA o tigk mole %& A5 A, Gly ©]
7t 25% AEE AAEY 7MY =& EES AAEG e, Ala 7t
oF 22%% FHARE A WEbwtth 11 FIZ Glu, Asp, Ser, Ile, Thr,
Val,
Leu, Phe, Tyr 9 22 =4 Yetwt. o= o] A+ (Kaiser

and
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Benner, 2009) A 54 % @4 (HOT and BATS) 2] ofn] Ak
mole% ¥} HlZ=st FEFdE ®ATH(Fig. 15).

ofu] AR v Y E T8 e s AdE o
Atk (Zhang et al., 2016). DCAA °| sl F 3 D-AA =
Hhe|globe] Al EH o] g A< peptidoglycan O RF-E ¥ AL

, DFAA o 3l3d3sl= D-AA = WF % 1A+ (archaea) & 25 E

of
ol

T s oA D—Asp 9F D—Ser & 3 Algko] A
& ghAn|sle] 71918k,  D-Ala #F D—Glu 9 tl¥#2 pep—
tidoglycan o 7]Qlsl= Aoz AGEdt. D—Ser 2 A9 pep—
tidoglycan o= &A8HA] kot dAlqtels A, gt ol
A17+e] urine oA ¥AE AT (Huang et al., 1998; Jones et al.,

2005; Zhang et al., 2016).

olo] we}, ofulwit F B BEE AH et ofulwat F 7]

AL 7R = Asx, Glx, Ser @ Ala & L 9 D 3 ojAAA S 5%
5 S5t 7144 54 getstarzt kgt D—Ser S

o>
x>
g%
o
i
rlo
off
kit
i
g%
32
£
=
fE
o
g
QO

<

=0
&
g,
52"
N
B3
i
Y
pIv
rlo
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D-AA & oiFZ ZAmste]  7iQlehs 2oz 4l D-Asx 9
B BT Y olxFTY FEE F AlE HolA  dgon,
peptidoglycan ©l] 7]1Q18F+= D—Ala ¢ D—-Glx 2] 2 9k 5o A
obEZolMe w7t 9A dEEt 2 dlYgelM= ofrAke

P¥E A4l ol epnsu vAzee) Yol o A

A AAL v sl B @, 183 D-AA 9 Fo ¥aEdd
TAEFE BbE 2ol AW ] FAAE]] peptidoglycan  ©] 7HA=
T8
olu] =4k (Ala, Asx, Glx and Ser) 2o D/L H] 3 okxlap =K
AT el s Hlaste] Aarkel o] ofwqke] SAY 7Y
& dotRuzt shglrk o]l Aol 2l3kH peptidoglycan =

Ala, Asx, Glx, ¢ A4 =2 D/LH7} 2 #S HAoy D

Ser & WSHEHA ek uAHY AE ZEO D/L Hl= o9 v=

Al Asx 7} 7H o, Glx & Ser o] H|2etal mpA|eto ® Ala 7}

w37} 53] peptidoglycan ¥ W]l YER S-S 18t (Mc
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Calthy et al., 1998; Nagata et al., 1999; Amon et al., 2001, Dittmar
et al., 2001; POrez, Pausz, and Herndl, 2003; Jones et al., 2005).

= AT el D/L v EXEE Ala, Asx 9] A9 g R
2de] e ws Blow, ol Ao It A]belA o] Aol H
23t 9RO 2 peptidoglycan K.t} ILA fresh DOM I}
b BEE BT ol B AT 9o fU]E0] €3l (degrad
—ation) & 2 AXA &, labile 3 BFH S YEIH

Hhegfore] o] A olA das B (Fig. 17).

A AAS THAA, L—AA, D-AA 1
2l D/L Bl vlwslaAt sk vl (Kaiser and Benner, 2009; Jones

et al., 2005, Kim et al, 2017). I A3, THAA, L-

AA 9 TR @A Qe d¢E A4s A, D/L He F
7Vehe S Btk THAA © A% &7 gk dl429] #Et) 5
=30 M7k a1, A<k dlge Y el 2-8 W) A JEETH L-
AA 9 g F7h )b s o] gty 7-20 W), A<t st 9

& sl 2-59 =t D-AA 9 A olHT ZA, F57t

O
(

el 312, At A57k A A5 FEo

Alzet AW Ao 29 A dEbsieh D/L W e 4 9
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& Go) zto] gk dF Rt oF 4w T3, @FRTE ¢k 10w =
t}(Fig. 18).

Aw7tA o] Fojx Aol AF¢] THAA ¢} D/L B] 19

2

AAAA S B &tk (Kaiser and Benner, 2009; Kim et al.,

ok

Jones et al., 2005). 1 A ¥, D/L v 7} =7}

+
It
,%
T

AA = faske 29 daaAE Bn ol b

i
o
&
P
:|0L_',
o

Sl B=¥ ol Aol 2 AT A3E vlusils W, B

o

o
N
)
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ox,
U
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2
1
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rlo
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Figure 14. D— amino acid, L— amino acid, D/L ratio and total hydrolyzable amino acids.
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Figure 15. Mole percentage of the individual amino acids.
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Figure 16

Salinity

. Each L and D— amino acids concentration of Asx (aspartic acid + asparagine),

Salinity

Salinity

alanine, Glx (glutamic acid + glutamine) and serine in Jinhae Bay, Korea.
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Figure 17. D/L ratio of alanine, Asx (aspartic acid + asparagine), Glx
(glutamic acid + glutamine) and serine in peptidoglycan, archaea, ocean
and fresh water. Open ocean, Florida Bay (Jones et al., 2005), Arctic ocean
(Fitznar, 1999), fresh DOM (algal derived DOM from ice sample (Dittmar
et al., 2001)), UDOM from rivers (samples from rivers in Siberia (Dittmar
et a., 2001)), peptidoglycan (isolated from cells of Synechoccus baciliaris
(McCalthy et al., 1998)), Archaea M (the membrane), Archaea SF (soluble
protein), Archaea FAA (free amino acid) fractions of archaeal species
Pyrobalaculum islandicum, Met— hanosrcina barkeri and Halobacterium
(mean of values for the three organisms (Nagata et al., 1999)). Archaea M
and Archaea SF values have been multiplied by 10.
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Figure 19. Relationship between total hydrolyzable amino acids and D/L ratio in the ocean
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AYANSS  dehe, W 2 g5 ge HASE

§71%e Jtow wsoln Amol), A gew A A
Aol EgE A1EY BAAFE deh: AxzE 99

2~o]31 31t} Phytoplankton, bacteria + —2.2 °|A 1.5, algal

DOM & —0.4 oA -0.8, fresh DOM & -0.9 9 < 7HA=

A& o

Rnoz Aya Ads T YeElbWtt(McCalthy et al, 1998;

Dauwe et al., 1999; Fitznar et al., 1999; Amon et al., 2001; POrez,
Pausz, and Hlerndl, 2003; Davis and Benner, 2005). ¥ 59| A

DI &+ Dauwe et al., 1999 o w2} A4St} (Equation 1).

DI & —2.3 oA 1.6 ¢ ®BI=2 =FA £& F71=(Algal
DOM) ¢ DI St WA Yebstth F72 -06 22 59 @&

BYow E3(-2.3), EIHEY HZF(-1.4H)ETY I ZH A

[e)

¥ &4 §71E (Arctic—derived  terrigenous DOM) 2

93 (Benner et al.,, 2005)% Wl =2 DI #2 Hol:= thA o

X=H 3 grolth(Kaiser and Benner., 2009; Kim et al.,

2017). Phytoplankton, bacteria 1#]3L algal DOM 3} #H]<=3%+
HRAE 7HA= AOSRE  Hol ofm|Ailo] o]FEHEH AP S
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Equation 1. Degradation index.
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KeN
=

Amino acids yields(% DOC and % DON) & Z}Z} o}

8

DOC, DON sx#® 3xZ3}3l zkoZ DOC, DON oA ] ofun]Ako]
2pAEH= EES UehdY Qo= AEAAe] ALE 7bsd

T71E9] AdAd e ovnlekH, #ol 2% bioavailability 7}

1o
A
o,

S %3t Amino acid yields & £E£77]=
24 (diagenesis) o] 7] #A4-& Astr]ed vkl &8 A 9loH,
Amino acid yields(% DOC) ¢l #tol 0.7% (115 #2] refractory
DOM) ol A+ A&Eol A = s F71E°] Antar s,
ol 1.1% oldd A5 Aol st wgAdo] A= #F7]Eolzt
gt} (Davis and Benner, 2005; Kaiser and Benner, 2009). &
Aol A amino acid yields(% DOC and % DON) 2] k& of# 2]

2 o 2 ALt (Equation 2).
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= AT AgelMe % DOC ¢ % DON EF 9sfe] gtrct
A Yettew % DON o ¢ ¢l B+t 9%E Hetd 23
Hlwsko]l H4 13E£5%= Z #S YER St (Davis and Benner,
2005; Kaiser and Benner., 2009; Zhang et al., 2015; Kim et al.,

2017). o] E AT 9o DON 9 Huj 20%+= THAAs 7}

kA s 7] AAhel FEdloRE ofmAte] Fads &
Atk (Fig. 21)
Amino acid yields (%DOC or %DON)
C or N in amino acids
= x100(%)

DOC or DON

Equation 2. Amino acid yields.
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Abstract

Distributions and biogeochemical
characteristics of nutrients and
amino acids in coastal seawaters

of Jinhae Bay, Korea

Bo Hyun Yeo
School of Earth and Environmental Sciences

The Graduate School

Seoul National University

We measured concentrations of dissolved organic carbon
(DOC), dissolved organic nitrogen (DON), dissolved organic
phosphorus (DOP), dissolved inorganic nitrogen (DIN), dissolved
inorganic phosphorus (DIP), dissolved silicate (DSi), and total
hydrolysable amino acids (THAAs) at 17 stations from O to 92 m

(n=62) in Jinhae Bay, Korea. The bioavailability of dissolved organic
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matter (DOM) is estimated by obtaining concentrations of L— amino
acids (L—AA) and D— amino acids (D—AA), and bioavailability
indices, degradation index (DI) and amino acids yields (DOC% and
DON%). The concentrations of DON, DOP, and DSi in the outer bay
decreased toward the inner bay, whereas those of DIP and DIN
increasing. These indicate an aggressive consumption of inorganic
nutrients in the inner bay. The concentration of THAA (145—-859,
avg. 36317143 nM), L—AA (48—541, avg. 144+79 nM), D—AA (13—
36, avg. 225 nM) were more than ten times higher than those of
open ocean (100—290, 13—110, 8—49 nM) and lower than those of
fresh water (2600—11000, 2200—-3400, 180—240 nM). In this study,
it is especially notable that not only D— but L—AA showed
conservative behavior of decreasing with salinity in the surface
coastal waters. In this open—box system like the coastal ocean, a
conservative behavior of D— and L—AA, a result of the mixing of two
endmembers indicating that the excess L—AA from low—salinity
water was preserved in the surface layer meanwhile decomposing in
the subsurface layer. Our result provides new evidence that the
distribution of labile DON is regulated by physical advection and

diffusion rather than biological activity in coastal waters, highlighting

the importance of amino acids as an indicator of bioavailability of DON.
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