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WKFCHEETHEEYL, TORLAENEY T v 7 P YL DHEREEOREY XKD
BLENTED, BILZOFTEL7 § /VBIEHT L » TREMCL ENCLEERBRRS T
»0,

WAkbPoBRET 1 VBROAEBIB/BERSE L Tbh TEH (21X Kawahara and Maita,
1971)), BICEEBESTHMRORELS L COPARELYH V2R EOBAK X h HESHA
WRE & TR o 12?,
COMKERRERD =V L F ) VBN TRESEHE b, HAPCEEIEECL,
FELTWRWEBET7 I /8, Bl 7 3 7B (Dissolved Free Amino Acid: DFAA) o447
LT\ 5, 1982 4¢, Mopper and Lindroth® i3, #8.L-C, BiEChiBEme L e B2 EER
EWE s e~ 7574 — (HPLC) RBEALT205&ED DFAA KL VU7 ve=7 %58« &
BlLt, “hLE, DFAA BT ATEAERTHLH, TORBCOVWTHERCELEDERT
WAEMY, —F, #&88o7 i /B (Dissolved Combined Amino Acid : DCAA) =B§3 % BroEHl

BEBEES OV P 757 1 —I2 & BKEOBET 3 /BOBKIH
£ H O® M.k m % B

Fluorometric Determination Using HPLC of Dissolved
Amino Acids in Seawater!

Kuninao Tapa* and Yoshiaki Marra*

Abstract

A fluorometric method using HPLC was tested for the analysis of dissolved total amino
acids (DTAA) and free amino acids (DFAA) in untreated seawater. Analytical procedures
for testing amino acids at nano mole levels are described in detail, taking into consideration
artificial contaminants. Duplicate analyses provided reliable data with 149, or less
coefficient of variation at concentration levels of less than 650 nM.

DFAA varied from 30 to 250 nM, and DTAA from 90 to 650 nM in North Pacific water
taken from the surface to 3,000 m depth. The contribution of DTAA to dissolved organic
nitrogen ranged from 5 to 269%,.

Moreover, this fluorometric method was applied to the analysis of coastal surface water
concentrated by ultrafiltration. Fractionation by ultrafiltration prior to HPLC analysis will
provide information about the presence of dissolved proteinaceous substances in natural
seawater.
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FOBERTCOREBLEOLMC TS L IEYIRILFERNCKERERY D 5,
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(Contribution No. 194 from the Research Institute of North Pacific Fisheries, Faculty of Fisheries,
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— 151 —



d Kk K E & # 39(2), 1988.

IEF AT, DCAA R T B diciy, KSR EOFAEILTLEL b, LA
A, MRO7 : VBABHSINERETEZ, T HELNLT I /VBYEELTEY, BEKE
& L TR R LT 5 X TS OB I hity, —BICKER T, DFAA
Hd DCAAOHRFORE B\, DCAA KT TCED L OB CHELTLHD, b5
VB L L ENDGFETEELTWHEDLREIR ST, BEALGLAT W, L
BoTRARKFTOD Y OF FOFEREEHET A DT, BAFRERSKIB75 7
Yax—vavOREILELLS, UL, BAFRERELLSE 75 7vax—vavy, &
VARIEPBEEZOVWTRALR AR ¥ TH D (Bl 2E, Tuschall and Brezonik,
1980), = & TAWF T, HPLC-OPA % X v, nmol/l v <A D¥EKFOBEHET ¢ 7 B% 100
ml BEDORKTHET 2 HECOVTORBIRN LTI 2 &, ZoFEXAEKDT IV BS
Hc#EATsZ L, ILRBAFEECIGHAL, AR 7 i / BOSTFELFOEKRY HL.
Az EREME L,

¥ - BEE LURE
L X x

7 I/ BOBERKE, MEAMETECESYHVARLL, *ofoREL TR, Ao
BEoborRAvi, kL, N-7e+A > 254 vit, AROBEOLOYERLLCHERAL
Too TRKBALF VYD A, 27 2VER=F 1+ Y Y AT KM, n-h 7 ) AR, EEE L Ok v BRI
FRto7 3 7BEBSAED S 0% B,

2. % [

HPLC %, BEEERE s n< + 757 “T7 3 VBHH o A F 27 LOBA %, RHBITER S
WHKEF RF-540 %, FBRBCIESE, BE7 e~y 7 C-RIARHFAL, HEkESE
Tfr- 12,

3. K ¥

TI/BESWTHERBELC, ARKEBEAD 2ERORB Y EB LI, SERELT, &
HAXFBEWEFTHBEFR M GBI O KH-85-2 ki 88 i 3\ T 4k ok F 2 76 3 o 42°59'N,
O E IZHT, =A% VKB VBRRLULEAKEB I, $BRKE LTREKES
HATERETEM 5 LR & 0 b EE K EOhRFOFES (A2°16N, 14036 E) st T, v F
YERABC L DBRIRLERKEH G, W RO K b EREE BRI LA &~ Whatman GF/C
Zan g —FZHVTFAL, BohicFRE AR E L, #pht HgCl, (100 M) %ML
oAk ECERTRFEL L,

E 3 B
1. AEEOBE
73 /BORRER, 1A VTHEHPLC-RR b J AR TiTote, $BEAAL L 7ZATAF
EFE (BT OPAE) TREBRHIAKSWEIRTWE T r Y v, v R F v R REEL (B
ToHRDIE, »7 ABHRCREEERY ML TEROT 1 /B2 D00 UL+ 5% OPA-%

HERBELYRALL, 515, e ) voORERELHINZ Q2 7-5ic OPA 23tho SH
LEMELTREISKAVDRBE B-ANHT b =2 ) —AEEXTN-TeF L2574V (N-
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%H - KXH: HPLC K L 2@ KFOBHRT ¢ / BOUNKLHT

Table 1. Components of buffer solutions.

No. 1 No. 2 No. 3 No. 4
rpH 3.25 4.25 9.00
Na,C.H.0, - 2H,0 (g 39.21 19.60 29.4 —
NaOH (g) — — — 4
Et-OH (ml) 140 — — —
H,BO, (8) — 0 0.78 —
n-Caprylic Acid (ml) 0.2 0.1 0.1 —
HCI10, (60%) (ml) 30 10 — —
Total volume (ml) 2,000 1,000 1,000 500

Table 2. Components of reagent solutions.

Solution A Solution B

NaClO 0.5ml OPA 08¢g
Na,CO, 204 ¢ 30%, Briji-35 0.7ml

H,BO, 68¢g N-Ac-Cys 10g
K,80, 94¢g Et-OH 14 ml

500 ml Na,CO, 204 g

H,BO, 68¢g

K,S0, 94¢g

500 ml

Ac-Cys) R, LEELAHE, RO 7 1 VBEBSH AT £ LRAKETH D, BIEOEIKI,
100 gl oW L, HEALCBEE, RIGEOEREEL 2 RT,

2. RARBEEOMBL - R

2.1 DFAA
BIFOBEXYR 1 nT, HPLCOSE Y 7 2D ELEBiClediclrs v 2 $5HKEL

Seawater 100 ml
—— 109, TCA 100 ml
Filtration (Whatman CF/C)
Residue Dowex 50 W X8
Clean up
HPLC Analysis

Fig.1. Flow diagram for the determination of DFAA from seawater.
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Seawater, 100 ml
Vacuum evaporation (to 15 ml)

Hydrolvsis (6N HC1 110°C 24 hrs)

Residue Liquid Phase
Discard Dry up
— adjust to pH 2.0~2.2

Dowex 50W X8
Clean up

HPLC Analysis

Fig. 2. Flow diagram for the determination of DTAA from seawater.

T HER2HRDIBOBILIIBRELESTHS 10% + V) 7 v c BRI L 20hBBREEY
vz B lie, K100 ml ZBr & v <7, 1 4 v ZHklg Dowex 50 W X8 (100-200 mesh,
H*#) 57 4 (¢ 1.8x18cm) #HWTREH - BREL 7,

2.2 DTAA (BHEL7 : /)

BEOBMBEYR 2R T, AK10ml e —5 ) —=Fv -2 -2 AV CRESE DK, 6
N HC1 T 110°C, 24 BeRImA DL, Zh%i DFAA A 4 vl isa BV CIEHE « BB L
2o

2.3 [RAFRE X B RARH OB

BEROT I VBYHRLB O HRy T, »ofMiBRErcBRiTsHEE LT, BAFA
BB Lic, S0k, 2.2 Tli~7 DTAA OB - BROBECIN LT, DTAA DSFE
SEET>ZEXEHELTVS,

RIHPBREZ, 1~50 nm OARY ORAFBEC L ) AL TAXKS Y LiclgET 55
Be, BrBAL T 3ESYED2HEO 2BEFBAEHAG-LATWS, o, BMET
LR HBRME L ooBED MRCT 2 5RIZBOHELYREB L, EEOBELLTIE, 73av
HOMMFEL L (€71 202) ZAVT, 100ml ORKEEENMET (¥ 3.8kg/cm?) T 10
ml FTRMELA, £OHIOmI OBRZ KL, HOWH 10ml ¥ CRMET5HBIEY 2 @8 Y&
L, ZORET, ZEFTEORALZAEELOBNFEELRA VL EICL D, B2DHF
EvFoRal7 i VBYBELcED LI ENTESD, TDX SR LTEDLRSY 6 NHC T
110°C, 24 BRI KSR, T h e BERKERE L, HPLC S4cft Ui,

# R
1. HPLC

HPLCD 7 v~} 75 2 0—F%R31ciRT, K3, BAENE41lnmol itie s L 5 KRS
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£« k@E: HPLC I X 5KPOBHET ¢ / BROBKSH

L7 3§ /VBOEERKED 7 = 75 4L, EROBAREESGHLBLAIL/ <77
ATHD, VTHOF VA IERT7 I /VBRLEEXOFBHOE, BKIUHATBEEL LTz / ve
AvVETVE=TOHAUBOY — 273X FTHLTRY, WHBITHHERT L

2. B4 U DT

ZADT I JEBROES Inmol ¥ 5B HPLC iwiEAL, TOMHMERREESRDI, TOKR
E 3Tt HMEEREER, VoV (54%) BT, &7 I /BED 5% LToELRE
bh, EEHEMEBEOKRWC Ebh ol

The northern Pacific Ocean
Surface water (DTAA)

—

7-ABA
His

Standard soln

Asp
Tht cer
Gy
B-ABA
B-Ala

Gly

Pro

=g
<

§
: A
] A
15— 76 10 %0 30 50 75 7]
Retention Time ., min

Fig. 3. High performance liquid chromatograms of amino acids in seawater sample and

standard solution.

Amino acids in figure are abbreviated as follows ;

Asp: aspartic acid, Thr: threonine, Ser: serine, Glu: glutamic acid, Pro: proline,
Gly: glycine, Ala: alanine, Cys: cystine, a-ABA: g-aminobutyric acid, Val:
valine, Met: methionine, Ile: isoleucine, Leu: leucine, Nle: norleucine, Tyr:
tyrosine, Phe: phenylalanine, G-ABA: g-aminobutyric acid, A-Ala: g-alanine, y-
ABA: y-aminobutyric acid, His: histidine, Orn: ornithine, Lys: lysine, NH,:
ammonium, Arg: arginine.

1.8.: Internal standard.
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Table 3. Coefficient of variation in amino acids

analysis.

C.V*, C.V*9,
Asp 2.9 Leu 3.1
Thr 3.8 Nie 31
Ser 2.3 Tyr 3.7
Clu 2.9 Phe 2.7
Pro 2.4 B-ABA 2.3
Gly 2.9 £-Ala 3.1
Ala 3.7 v-ABA 35
Cys 2.7 His 31
a-ABA 2.9 Orn 4.1
Val 3.0 Lys 5.4
Met, 2.9 Arg 2.7
Ile 4.7 (Ave) (3.2)

C.V*: Coefficient of variation calculated from five
repeated runs.
The volume of individual amino acid is 1 nmol.

3. KREHOZH

AR FEABICE CTEL LR OSTBREO—fIY, R4 RT, EROBARE DLW
TRVTIE, TRNTOREBHOCHIE « B - KM L DBRIELTOHRYELHETS
Z LR, ED D, BEOFH VL (407 3 /8D HPLC i A B A% 50-200 p mol/
100 wl) TRI—FERE>WTHEBABEO S AU ETH S, £ T—RBR L 2ETF>FH%
TR, TOFBHRETH 14% TH -7, K 10-3,000 m ¢ DTAA B, 90-650 nM D
MEZBLTEH, 200m LR THBELRLC, Zh b0, 1973 Fi kY AR%EHRC -
THAZe= 77 7RICE VPR LERE LBl L3IE—T 5, —7, DFAA % 30-250 nM &
MaZB L T, DTAA R 200m LB CEHRETH S, DTAA BEL7 3 /B oKk
ERLTARDE, 7V, 2V v, 7023 VEBRFERSEL-THD, 74 —7HIcHhD
&, T I BARLED 50-60% k HDT B FEEVAsERT I JBBELTEET I,
AN=2FY, a- y-T BRI I RIS, ThODEERIIGTRS 4% LT Th ot ¥
fe, SEHEEIhI7  VBEDY, BREH Y ¥ 20X BBLED KL 5> TRD L BEABESR
(DON) Bie 50 5B & %K 4 WRT, ZDOfEHIZ5-26% T, 5m, 750m TFhEREE, KL
EEmTH, chbdFy+sE 159 RBETH S,

1987 £ 7 QXS TR L 12K (RBK) 2BAFERM (YM2: 5E4FE 1,000) L,
T I/BAM LIRS TR T, RAFBH5MAKSRE COBREICOWTH 2ESHE T -
TR, COHERL > TEDORET $ VBERFEH2TaM TH Y, TOEHRER56% T
Botz, e, COHBRIBLBEDT 5V 7HR550M (n=4) T, Bt 75 v 7 {EXEL
SlWicERRR LI, i, BAFBLERETE, 2Ft=vDr—srsr—0 v rhRElnd
hERBLTER» >, ThIT, B« B - MASBOBEORIC # +4 = v ORLYHTE
feicd EBbns,
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Depth

%H+XH: HPLC X 28 KFOBHET7 1 /BOYKTH

‘Amino acids , nM
0 200 400 600
0'- v | T T
1000 F
2000 |
3000F
DFAA DTAA

Fig. 4. Vertical profile of DFAA and DTAA in North Pacific seawater.

Table4. Concentrations of total DFAA and DTAA, and the value of

AA-N/DON.
Depth DFAA DTAA DON AA-N/DON
(m) (nM) (nM) (ng-atN/l) (%)
10 118 355 2.6 13.7
75 244 652 2.5 26.1
200 133 262 18 14.6
750 28 92 17 54
1,500 51 163 12 13.6
2,500 86 236 16 14.8
3,000 177 220 15 14.7

*: by dry combustion method (Sumigraph N-10)
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Table 5. Concentration of dissolved amino
acids having molecular weight larger
than 1,000 in surface water of Funka

Bay.
Amino scids Ooncenteation
Acidic Asp 9
Glu 48
Hydroxy Thr 17
Ser 42
Neutral Gly 71
Ala 44
Val 19
Ile 10
Leu 17
GABA 4
B-Ala 5-
Aromatic Tyr tr.*
Phe tr.*
Sultur Cys nd.**
Met ne.***
Imino Pro 17
Basic His
Lys 7
Arg 12
Total 327
*: trace

**: not detected
***: not calculated

L] r

nmol/! D v RACEKDPEETST ¢ /B%, 100 ml BEDORATA + v 3o HPLC-OPA
ErxAVCCAIET A HEBEROWTRE L,

L FAHRICETIDHMV VTR, BE B -mKSEREOBRIFCET 5 FERETLIHE
N5 EREELGY, A—BAREOWT2ETSD5HET5 2L b, 650nM v~ L)
TOBECHEVTE14Y% UTORESOBV-BET : V BOBESHHEBShi,

2. RECTHE LK EFREEKFOLT ¢ 7 BEBEL90-650nM, R 7 3/ BBEE I 30-
250 nM ¢, Zh b DON iz 5 El 41k 5-269%, BETH - 1,

3. BAFBERLY, Be6Bo7 i /BEYHRE-BHEL, Fo7 3 /BERERDI, 5,
SESTFEORLAAEEIOBAFBEC L - TEONEREELAGPRDLZERLED, =
DOBRMFBENBES v A7 BYBEOHFERBYHE O rTHFH» I B EAMEF S L
%,
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%M« kH: HPLC ik X A khOBRET 1 / BORKSH

| £33

KHELT S ebich, HBINHCEFAER (KEZEL, dLigEXE) L, BECREHEL
7,

¥, RREROBAHN LW - - ERCKFEBETR - BROL KH-852 kg EEHRA - IR
MRS BEHELLOCHEREOFH AL, ¥, 5 LEIMBEILDFEHEDOH LT
FLRBMOEBELXYELET,

X L1
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