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SUMMARY

Title

A study on Spatio-Temporal Variation of Nitrogen in the Arctic Ocean

Purpose and Necessity of R&D

- The Arctic Ocean has experience severe decrease of sea ice, resulting change of

primary production and ecosystem structure within marine environment.

- Understanding nitrogen cycle and nitrogen source trace is important in order to
predict marine environment and ecosystem change according to the future climate
change.

- Nitrogen isotope of amino acids is promising tool to obtain nitrogen baseline
information for understanding marine nitrogen cycle. However, there is limited
information on nitrogen baseline estimated by nitrogen isotope of amino acids in the
Arctic Ocean.

- Thus, nitrogen baseline estimation in the Arctic Ocean can provide nitrogen baseline
information, which could not be obtained previously.

Contents and Extent of R&D

O Spatial and temporal variation of nitrogen baseline (2015~2018)

- Bulk nitrogen isotope anlaysis of copepod Calanus

- Amino acid nitorgen isotope analysis of Calanus

- Interpretation of the sparial variation of nitorgen baseline in study area (North
Pacific, Bering Strait, northern Chukchi Sea, northern East Siberian Sea)

- Interpretation of the annual change of nitrogen baseline

O Seasonal variation of nitrogen baseline (2017~2019)

- Bulk carbon and nitrogen isotope analysis of sinking particle
- Amino acid contents analysis within sinking particle

- Interpretation of seasonal variation of nitrogen baseline



IV. R&D Results

O Nitrogen baseline estimated by nitrogen isotope ratio of animo acid in Calanus
- Nitrogen baseline within the Bering Sea (5.67+1.64%)) was similar range to
nitrogen isotope ratio of dissolved nitrogen reported in previous study.
- The range of 4.63~8.68%) of nitrogen baseline was found in the Pacific Arctic
Ocean.
- A decrease of nitrogen baseline to 2.88~5.63% was observed in northern East
Siberian Sea in 2018, suggesting alteration of nitrogen baseline by supply of
nutrient from deep ocean.

O Amino acid composition and nitrogen isotope ratio
- Nitrogen baseline increased from authmn due to the decrease of primary
production and relative increase of microbial activity.

- In summer bloom, nitrogen baseline temporarily decreased.

V. Application Plans of R&D Results
- Providing the research results to climate change study

- The application of compound-specific isotope analysis on marine science in the
Arctic Ocean for the establishment of research base

- Use of the research results to build internataional cooperation in the Arctic Ocean
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110°Coll A 2724A1%F &<t Zheel stdth Alss A=7bA dzx] 2]
filter (0.2 tm pore size)E  o]& S AASGH. olF 65
n-hexane/dichloromethane (v/v)E ©]&3to] Alg U9 XA F 4254 &5 AASAH. A
AAdAF Algme] A9 dxel AA B4 (Takano et al, 2010)S F3] A5 el o3 Si 59
EES AASAY. AA B2 Cation-exchange resin (AG-50W X8, 200-400 mesh size,
Bio-rad)& ©]&3% 7tEZA ] ARE FHAIA on|qtS FE5AT o] F AlmEe A W
A =3 ¥HS (esterification) S AASATE AxH Azl It
(v/v)E #H7Fs = 110Tol A 2A17F &9k vHSAIZTE HESo] &1k Al 59 reagentE A AgH
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n-hexane/dichloromethane (v/v)E ©]&3lo] FEZ 3 F o}y ol
&7 AZRAAL olv] =4t FEA= dichloromethaneol] &3] A] 21 f.i BA A7bA -20C WE
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SHF Aol ARS8t

ofn| :=Ake] A oA EH P AH] = GC/IRMS (Agilent 6890N, Agilent/Isoprime 100,
Isoprime) & o] &3te] EA&dct (¥ 33.3.36). GC columne HP Ultra-2 (25m length,
320mm ID, 0.12¢m film thickness, Agilent)E AF&-3}3Th Absla-2 Abstotg], AbsiyA @5 <}
ojoj7} FXE A FHE 950TolA, a2 2] gtolol7} FxE Mg #E 500TCol A A
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SHOKO-Science % Indiana University A3 dxlg] WHow FH|ste], 5/ Alg &4
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o
offl
©,
o

_16_



Protein

Hydrolysis

—

0
®
® o

. . Derivatization

>

Amino acids

N-pivaloyl-AA-isopropyl ester

ad 9. Alm9 oprat A Y AL

Intensity (nA)

a4

Reference Gas (N;}

Sample peak N,
Gly
val N i
/1 i LE“T]]& | Pro AspThroe,
’ I MA A 4 iMet |

Gl ppe Hyp

g T )

o EEEE U

11. GC/IRMS oA HAE=5 = ofv] 2] chromatogram.

Retention time (g)

_17_



3. "lelH e Az

o2
OO
av)
)
—
Ln]

o

=

=.
(@}

—
(@}

<

@,
.%
C
rlr
@
=.
=
Q)

=

=3
wn

=.
(@3}

@
R
(%)
S
S
<
=2
lo,
:?L_'J
kl
r o
i,
i
o
fru
)
3

TL = [(8®Ngi—6"°Nphe—3.4)/7.6]+1
SN2t 6"°Nppe= 2H2E A& 9] glutamic acid®} phenylalanine®] 224 FH 599402 e
Ak 3.4%(B value)> 12 AabzRe] 6PN, ot 6°Nppeo] zolE YelE= A3 gkl A=A
t}. 7.6%(Trophic Enrichment Facter, TEF)& 9% @9l A% Al 6°Ngu2t 6°Nppol
enrichment®] #Fo] & YElN & 4 & gko]l AFEH ST

(b WG Arel E
A

ofmmate] A g EAds B4 A dF WA RE Aed 5 vk =7
A 2#1e] Phenylalanine®] A4 ¢t E 9 anl= HolgdozRE | Wgo] W2 Zow Iy
A Q7] wEel, AdAE detd ¢ s AREA AREE Qv F A SA4e 28
ato], 71247 7FA Bulk d4 ASA LN E AET 7 Atk WA E L AT
H] (6" Npasetine) © 22H1 2] Bulk % ofm]w=be] A A FN LA ARE 25 AMESHH, thg

3} ge 4e g

815NBase1ine = 815Nconsumer - (TPAAS = ]-) x TEFBulk

(t}) Degradation Index®] A+

| AR S HAE2ZFY ofrmAte] S e Aol wEw) nAE
o o& 7= &8l #HAgo] Mg wet opm bl HA A AR 7E Wstste], e &
< freshdt #7158 AEEY Fi5HE 540 & o] By vF 9ot (Cowie and Hedges,
1992; Dauwe and Middelburg, 1998). ©]+ Degradation index (D)2 3 &2d 4+ glow,
Dauwe and Middelburg (1998)¢l] H.a1¥H reference dataS ©]-&3to] the-y 7+& Ao g AkeEth

DI = 2 [ (vari - AVGy) / STD; ] * factor coefficient;

AVG, STD; factor coefficient; &= ZH2} Dauwe (199904 AF8-¥ A o}n|:=2ke] mol%e] it

g, FT0AL ATl van = AR A ofr|eAtbe] mol%ol iRt

71&

Ir

(2}) Total hydrolysable AA (THAA)®] A4 SrAEQAaH] A5

o :=Ake] A4 P E A= of Ak A EFAQl FReE Adete] AA ofn] Ak
Aa A sALRRE AL = vk AA opn At (THAA)ONA ZF o] e4ke] mol §%=7F A
Aehs HlES $Hikste] thgat 22 Ao ALl

§°N1ras = X (8™Naa * mol%ans)
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It} trophic AAs®] A H8Edan] o HAE ALt f71Ee] &3 2 A8 B=E 37
a7] 8l v 22 A4S ARESITE (McCarthy et al., 2007).

>V =3 [|8°Naa = 6°Nrrophic aa | / 1]
| 6°Naa — 6"Nrwophic aa | & ZF trophic AA2] HxFe] Hdighs e, nd Altel] Al&H
trophic AA2] F=o|th. AtE =V 3 freshdt 2154 ST EL} AR F71EA= 1.5% I
el gk HolANh Ul el B Aol A E AlFelM = 15% ool #he Holw 374%
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o] Alg+= 20159 ¥ 2017l AFEJoH, B A= F b A A
2 AT Dol g vastadtt (19 12). Bulk Ea 3 E 9

40760% EAEfEF s FelA 7HE wEA YERU Y, Bering Seaol A HEH w4
m 558 AHEAAM AAH R 10% o] e Bk A= ze]lE HlalE
A mw, B9 40760 BAEHAY e ABEL 201590 4.0376.90%, 2017l 3.5677.
% FES 20150 8.39712.33%, 2017\l 6.75713.02% = EFwTh T A

»ka-?{idg

e ol A dA b EAAanTE BAMAEY el nle =2 Aow u
By, A AT Ldan e HeE 2017dol LASHA Y2 Aoz FAAHY. o9 T
EAe olux=4t glutamic acid®} phenylalanineo| %= FAFsHA EeldEct (29 13714).
Glutamic acid®= 59 40760% SAEE Y slelA 20154l 13.94719.71%, 2017
13.45720.91% 01 R 31, =3 Al55-> 201540l 20.26725.92%, 2017\ 18.74724.93%, %2 e}
Wl Phenylalanine 59 40760% SAJElHF s oAl 201539 - 0.3274.95%, 2017xd) -
0.9774.46%°1 A 3L, H=3 Al2E2 201590 3.8679.90%, 2017l 3.99710.11% & LHEFR T},
Calanus® G &A= 2 zkol7F UebbA] exgtor, afogt s ALA R IF Zpo]7h S8
sHAl UEbA] @ttt ole $Ud ERael Fehe Calanus® woldo] dfe we 2 A

o
o
=

o|7} glom, Holtel A FAlg AEF A E 7HA L AFs AT o] FE AlLbE
AA L o+ F YU AH = Phenylalanine¥ fAFSE 4 eS Btk wj7d A4 A FALAHE
el g F e AL, BEAHAG AgH e At S A= dAado]
dolsttie Aotk mMid AL M A= ke wEt FUlsteE S Holw, FAMA
T Apolell A 2 Aol7F EUAl ke Ao ® FRlEY (27 15). 407605 HElE F &l o ol A
o] v A4 A EAYA = 201583 - 0.2173.71%, 2017\ -0.6473.18% =, €F HH
oA AaaAe ofgh AdxpA o] A Aom F5T 5 Ut} wHdM = F2, AE,
FAe T ol vt aFrF At AT E=I =4 vehdd wbdE L= &
T A5d Tt g9 FdeR el AFsrF dAstH, 150 dddel nddE A
g dalx 2tk o] DIN (dissolved inorganic nitrogen)®] 24 ¢t E 9 AdAno WHES
M= AT = Utk dE S0 AibEo] =2 HFsol A DINS Hi HAE 9|
= HrHog 65%%E 4 vk vt (Granger et al, 2011). T3 H¥ES] FH= oE

o
B

6

XZF9 dYdo] A¥EE Aoz dEAY, o] uwe] DINe A 5
2 80% = R IEATt (Granger et al.,, 2018). Wl g2 A5, 20159 3 2
AP an) o] F g 5.671.64% =, dHA A= 7 6.5%) L35

>r=
H = [}
e Bdn vk HB=ee] A9 oY dgol EAstal, sigritte] A4 b T Ay
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o
O

Lo

_20_



A WE EF Jold AP A4 F o] WEe] mrk AU sde] 2k

(a) ARAO6 (2015 Aug)_Bulk N
&
N

T 180°E

a9 12, 2015 (a) 3 20173 (b)oll AN E Calanus spp.2] Bulk 24 ot -5

)
r:\g
O
=

(a) ARAO6 (2015 Aug)_Glu

(c) ARAO6 (2015 Aug)_Trophic Level (d) ARAO08 (2017 Aug)_Trophic Level

.
o

a9 13. 201599 (a)# 2017d(b)oll AR E Calanus spp.d Glutamic acide] A 4594
v e} JFAl
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(a) ARA06 (2015 Aug)_Phe (b) ARAOS (2017 Aug)_Phe

-

S
1GU“N

19 14, 20159 (a) 2017d(b)ell A H A Calanus spp.9] Phenylalanine® w7 29 2
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G BT el Ae] WBEs WE

BEoAFe el =& A g A W™ (North Bering Sea, NBS), & x|sl &4
(Northern, Chukchi Sea, NCS), &A|#lg]o}3] &5 (Northern East Siberian Sea, NESS)Z 4
= T Ak S8 Ae Calanus spp. A 552 201513 5 2018L477]-7<] A E R om, 43] 9
A TALRFE O Aa A EAAR A3E AHHoE Hud = AT (F 1, 19 16).
Calanus spp9 Bulk 24 Hd&59¢4n] A3E 19 179 XéE]EPME}. NESSo| A Bulk &
2 obAE Q)9 Aul= 20150l M =gktby) AR Aoz 7ol 20189 7FA vbAl e
Wil NCSell A= 2015958 2018A7h4] #AFEE Bulk A4 HA &AM gho] A% ok
ol gt AEE ofn:il AA IAFAALY FA Aol A AolstAl vErRH Glutamic
acide] A -5 Par] = 20189 NESSeF NCSE Al9lstd el gzt ZAA X whe} 5
g5t FRE A &dtt (¥ 18). Phenylalanine®] ZA <rg 59 d4n] =3k s oo ulet F
SHotA FRHA o (p=0.774), TAFAEC] wEbd = 2018de] e Aol v Ax
A F A 7E e S Bk (19 19). o]2 A3 FEAE 20189 NESS9 NCS
ANA Hit 0.25¢] FolE HolA Hu (p=0.007), Th& A F I ZAFAEAA = 5 0.1 o]
Aol 2 e (p>0.3, 19 20). 2018 NESS9F NCS<9| zbol= w4 AA o591 U 4n] 9
M= YeuA f (29 21). o= o sl Hls) kel Aolrt AA vEveE Ao
glE ot (p=0.000).

of¢} e Aye vE FSAAREI Hluste] BYS W, dx=" Chl-a %9 o7t
2018 o Foll 7HE A3t sATHE Hol= A Aol = Aom AA4E 4 vk NESS
oAl 2018 o Fol Micro Chl-aZ} %2 FEE Holw MAFAS FIALE F2F
1

9t ek JAEAS o3 A= Calanus spp. WAIE©] NESSo|

J

) =)
FAMAEo A NCS 3192 NESSo| uvla] afHo]
), 2L S B3 AdE 5y vEs AR
A YEtU, @57 RHE SR -‘%H NCS A+
< [e)
=

AEHLan7 detds 232463786
8lo)= T daeo] AFE L AAFEHHEAN Yelv= Aoz A4 5 qlvh & 20189 9]

A% olxl 3uzbe] Apmsl thE el tehdth NESSS wiZEa B Ann] o]}
NCSel ul8) it 25% 7hE e Ao UEuth ofF dud B4 Asel vwsie] wd
[e]

20183 of Foll tiM<F a7k thE aflel Wl Wl w2 FA7A FAEEA, old A om

Aol AL &55o] NESS a9 #37HA A= il

W o8¢ NESS #19e 332 oA Chl-a 357} =4 vehe, o

A= 28875.63% =, thE el el Hlel dASHA v o] Q¥ ik ukel
z|

A, Calanus spp.25-E 21&% w7 A A EYYanE oo g o] LS & uads)
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A AL FAT S AT
¥ 1. 95y si9d Q7% Calanus spp.® Bulk, Glutamic acid, Phenylalanine, 7 & 4 9]
A dA v e dF A H 2 2FAHAL
Year el A4 6" Npuix 6" N 6" Nphe TL 6" Npaseline
2015 North Pacific 9 564+£1.13  16.73£1.58 1.06t1.66 2.61+£0.14 1.61+1.12
NBS 6 10.09£1.53 2226115 5.24+057 2.79£0.16 561+1.39
NCS 4 11.24+0.76  21.76x2/77 5.10+1.03 2.74+0.36 6.87+0.88
NESS 14 11.26£0.39 23.01£1.55 6.28+1.76 2.75x0.21 6.87+0.71
2016 NBS 1 11.30 21.61 4.85 2.76 6.90
NCS 3 10.83£1.01 22.31+1.46 592+151 271032 6.56+0.72
NESS 6 9.73£059  21.69£1.58 6.06£0.64 2.61£0.24  5.71+0.69
2017 North Pacific 11 6.39£2.67 1811420 2.68+3.64 258£0.25  2.43+2.55
NBS 6 999+1.88  22.99+1.24 6.65£2.22 2.70£0.19 5.73£1.99
NCS 10 10.88+1.08 21.63+2.08 5.89+0.87 2.62+0.19 6.82+1.27
NESS 10 10.30+£0.87  22.08£2.59 7.06£1.70 253£0.24  6.48+0.69
2018 NCS 12 11.37+£1.45 2251+0.99 4.31£1.17 295£0.20 6.48+1.38
NESS 10 8.21+0.91 20.71£1.44 4.15+142 2.70£0.17 3.95+0.87
15 7 15 15
. % 5
g0 UH El‘:iéT %i;i%é 2 10 £ 10
%fm 5 2f 5 a__u H%I é:’%@ mzﬂ . E_H Q%é %E%T
; % o El
0 0 0
NBS NCS NESS NBS NCS NESS NBS NCS NESS
NBS (Morthern Bering Sea)
NCS (Northern Chukchi Sea)
NESS (Northern East Siberian Sea)
02015 2016 O 2017 O 2018
a9 160 A2 g& 37 siga A AFE L2 Calanus spp.2] Bulk, Phenylalanine®}

MAAze] Aa Q4B A4

_24_




(a) ARAO6 (2015 Aug) _Bulk N (b) ARAO7 (2016 Aug) _Bulk N

(d) ARAO9 (2018 Aug) _Bulk N

180°E 1

29 17, 201599 (a), 201614 (b), 2017 (c), 2018 (D)ol M A Calanus spp.2] Bulk @A ¢t

EEUEEN)
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(a) ARA06 (2015 Aug) _Glu (b) ARAO7 (2016 Aug) _Glu

25

-22.5

20

17.5

15

180°

1806
(c) ARAO8 (2017 Aug) _Glu

19 18. 20159 (a), 20161 (b), 2017 (c), 2018 A(d)oll ¥ Calanus spp.2] glutamic acid

of A s da.
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(a) ARAO6 (2015 Aug) Phe (b) ARAO7 (2016 Aug) _Phe

_=

(d) ARAO9 (2018 Aug) _Phe

e

180°F 1

23 19, 201549 (a), 201643 (h), 2017 (c), 2018 (d)oll A Calanus spp.2l phenylalanine

o Ak HEA QLY.
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(a) ARAO6 (2015 Aug) _Trophic Level (b) ARAO7 (2016 Aug) _Trophic Level

2.2

(d) ARAO9 (2018 Aug) _Trophic Level

3.2

2.8
2.6
2.4
2.2

2

29 20. 20154 (a), 2016 (b), 2017 (c), 2018 (D)l ANH ¥ Calanus spp.©l FF A
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(a) ARAO6 (2015 Aug) _Baseline (b) ARAO7 (2016 Aug) _Baseline

a9 21, 20159 (a), 201643 (h), 2017 (c), 20183 (d)ol AP H Calanus spp.o] ¥4 d 4 <

4591 92,
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% 2
o £ 30 YEtAn JAAdA A= ]/‘14 ofr Ak =AM = ’\]7]”0& FEg 4¥gs B
ol A ¢k Ao welth (1Y 22, 17 23). 18y THAAQ flux (17 24. 1§ 25)% A4
A, FAQ WEAo] EAgH. SA M gote] H5F (St 16) A4 2017d o FH ol A e
Ut THAA fluxs= AR 7)3be] o grolx]&= S Holw, 2018+ 3y el §Ho] 23]
o] oA 7] Ao THAA flux7t ZAl S7tste A&FS BRIt HA& &HH (St 22)dA4 %=
20184 oo THAA flux7t ZAl F7Fgth o]+ Kim et al (2021)ol4 X i1¥ total mass
flux 3 POC flux A¥et AR ddFoz alun, ofmite] flux7t AAHS #7]& 9
fluxet FARSE B &S UEt= A= A =

THAA/TN W& FA20lA opnmal 2] A27F AA = vE&S Uiy (% 2, &
3). o] @2 AEolM= 38% ol el HleS Holu, mAEd o3k Eaf wAo] WyE Al Ro|
A= 38% nvke]l vl &S yERATE (Cowie and Hedge, 1992). THAA/TN H| &2 tfF# o] A
oA 20% vke] WleS UEhH JAAAA AlREAM f7lE ZeE dolweS S
T Ak Yy, A A Wt FElekAl v A] gtttk vhE mjg A opn] Akl B
—alanine (BALA)Y} y-aminobutyric acid (GABA)9] st Al-o] w2 Zo|7} EAsl= oz
st} (29 33.3.3.19, ¥ 3.3.3.3.20). °o]|52 Z17} aspartic acid®} glutamic acid®] WA= H3f
PR o= Edw, AA opuliitelA Hehild A o] witEo] A ek HIES VAR &%
o o8] fr1Eo]l ¥ AFgHY AEES PgFoR el freshdt F7|EoAE o8 747+
mol%7}F 1% WIRte 2 Ueht= Wi f7]= 87 Fe] A9dd & de HAEY] 49 3T4%7
A AEd7|= gtd (Dauwe and Middelburg, 1998). ¥ Aol A gr3k A2 A5 24
AW 717ro] ohd A7) = BALASF GABAS] & &A17F 2~BV°]U{ AR 7|l Hl 6% oo ®
Stk Blo] FETh ol fUIUAE-] FFSolA HAeHAA bacteria®] &2l 9Jgk {71

B w7k wAsEA memAy ol S Fbe Yol oz AzH agu vAE
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3 202017720184 F<F St 167 St. 22014 A FAYAe] TN 2 ofpn| =4t 3t
¥} THAA/TN H] &, degradation index.

Sample Period TN (%) THAA THAA/TN Degradation
(ug/mg dw) (%) index
St.16-01 17.08.18731 1.31 4.62 4.33 -0.28
St.16-02 17.09.01715 1.03 8.05 9.52 -0.21
S5t.16-09 18.01.01731 0.64 7.16 13.14 -0.32
St.16-11 18.03.01716 0.53 3.42 8.02 -0.37
St.16-17 18.06.16730 0.74 3.06 4.89 0.03
St.16-18 18.07.01715 0.99 11.08 13.52 -0.06
St.16-19 18.07.16731 0.96 9.89 12.63 -0.19
St.16-20 18.08.01713 0.69 4.49 8.05 -0.39
St.22-16 18.06.01715 0.67 2.99 5.59 -0.53
St22-17  18.06.16730 0.82 2.01 2.96 0.22
St22-18  18.07.01715 0.64 2.22 4.11 0.19
St22-19 180716731 0.75 3.10 5.20 -0.08

St.22-20 18.08.01714 1.19 7.07 7.29 -0.19
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3 32018720194 &<t
3 THAA/TN H] &,

St. 163} St. 19914 1=

degradation index

A7 QA TN % ohilit §

Sample Period TN (%) THAA THAA/TN Degradation
(pg/mg dw) (%) index
St.16-01 18.08.17731 1.75 14.84 9.94 -0.30
St.16-02  18.09.01715 1.22 17.55 16.87 -0.72
St.16-03  18.09.16730 1.18 7.72 7.72 -0.50
St.16-04  18.10.01715 1.39 9.82 8.35 -0.43
St.16-05 18.10.16731 1.16 8.65 8.90 -0.65
St.19-01 18.08.17731 1.29 14.50 12.89 -0.01
St19-02  18.09.01715 0.95 26.39 32.57 -0.43
St.19-03  18.09.16730 0.84 14.45 19.92 -0.64
St.19-04  18.10.01715 0.98 8.58 10.35 -0.25
St.19-17  19.06.16730 0.72 14.01 22.60 -0.53
St19-18 19.07.01715 1.01 13.33 15.44 -0.28
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ARAQS8B (2017.08~2018.08)
St.16 115m (East Siberian Sea)

100
e
= 80 - mm Gly
i = BALA
c 60 i T RYE
:g i l . ey
9 40 e
2] E CABA
o 20 = = Pro
5 I mm ASp
4 —— — == Thr
9 W12 23 4'5 & 7 § |==mSa
e et
St.22 325m (northern Chukchi Sea) . Glu
100 mm Phe
LS
;@ 80 -
§ 60
+
o4 40 -
o
o 20 -
0

_33_

opml ko] Al gk



ARAQ9B (2018.08~2019.08)
St.16 315m (northern Chukchi Sea)
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ARA08B (2017.08~2018.08)

St.22 115m (East Siberian Sea) St.16 325m (northem Chukchi Sea)
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ARAO09B (2018.08~2019.08)

8t 16 315m (northern Chukchi Sea)
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AN AEZ5FEH FAE bulk 4 2 A4 HAFdaE B4 A3s 19 269 1
270 vER AT 20171d NESS (St 16)14 2R 7] o]l POC flux7b vh2 =33 97

7
b e s8Ce grol wABY of §¥Ce] @ AW el HolEwA Frste e

1 4 d ]
g5l o F71E B Age] AR SASAWEA §°C & FTIHIAE THsAel

3

2 sbsAolth. AW B A HAHW
6N #ke SPYIAEF 5o 9% bloome] AAHEA ANHOE Srobyrhrt A et
Pge] molrh, o EH WFYAel EASE F71Ee] Jlge]l YAWAA AT, %A
MAT M AR 7199 f718e) nFe] Frsl HWA 5N g FHMIAS Aol

o
i)

ATt Bulk 6°NellA] Bz ojejet 5L o8 ale] FH% A+, bulk §°N< vl
o] J T FeEe] 7] wiel A W] o

o

Tl xSt A obmeAbe mAEe] o] A e dAadow FEHT| A9,
o HAoA HASt= ofn|ite] R HAHL HE = At EIE on i) o] A3 &F
Fr7lEol e ot eitEe] Aa A EAAdaHTE HEHow 8 T7tste Ao® Bt
(Yamaguchi and McCarthy, 2018). ¥ Atol A 7 dAF Al5 2] ofn]
DI 2 v ofm it fluxE S8 I Al A ofw=ike] Za7F o] FolA L Q=
Aol golw ). ofm Ak 6PN e 29 263 29 270 YERATE 201772018\ ¢ H A

WA Am BN AW A% FE NG £ Qe ARE FAMol B (St 16)9] A

C
22, o5 AEEYAEY bloome] €4 o]F ofn=Ate] §PN ghEC] dEdte A4S B
At} 8ol A 9UE dolrtwA dAAAE o] ZhAastal, fr]Ee] #alE AUy oz ¢ U
A HEA PN gES 77 A9 s " ol AWV Bk AT 2018
79 HoEWA PN e dAE #AadA Bk Kim et al (2021)0] w2 o] A7)
SA ] obs HE sl sy uAzFI HASEA §Ho] edd] o] Fojx 7] Mol A}

Ak o] mobd Aom dwetar Utk olef e IS 201772018 ¥ 2018720191 o H A

& B3 (Z7F St 22, St. 19)9] 79 o]F A moAx WA bloomeo] Evtal AH 717} A
A=}

AR AN ohnlibe] §N ghEo] et At AW AT WA 719 opvlate] s
BN grel @b 2018720199 HAS) 2R AHEANE Aoja e AL FAT 5 9
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ARAO08B (2017.08~2018.08)
St.22 115m(East Siberian Sea)

15 -
= -20 -
£ o
o 25 1 & t.._g’
T =30 j
C |y L P
20
s - fi a Y &
215 | * 3 -
10 -
& : g o tele
Fl!-‘:n 5 _':Jfr I:LD“I:LD
0 I:li- — — : :
g W HAE L 23 &£5 6 T 8
Month
St.16 325m (northern Chukchi Sea)
415
P A\
&
m{_} -25 1
"o -30
-35 ] ] ]
—e— Bulk
20 {| —e— Ala
? 15 | S L ' |
= -—g—— Pro
= 10 {| —=&—- Glu
L —E— Gly
©w 91l __g@— Phe
0

E Wiz 1 298 &5 87T 8
Month

19 26 2017720180 A E HAUARe] Bulk 24 % ®A M-S

A4 % obElabe] Aa HgE e U],

1t

_39_



ARAQ9B (2018.08~2019.08)
St.16 315m (northern Chukchi Sea)
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ARAO8B (2017.08~2018.08)
St22 115m (East Siberian Sea)
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ARAO09B (2018.08~2019.08)

St .16 3156m (northern Chukchi Sea)
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O R4 w9l A AEe] FYFAAL £ /W T
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7F Bl ®v ¢)S-(Yamaguchi et al., 2017). ol % A
glutamic acid % phenylalanine®] @24 ot EF LA o], T}
TALZRE BF A BAHES FHs A st A|ZTF o] F oA

et al.,, 2017; Decima et al., 2020).

Xéi% Xﬂ/\]f& =8 T3k HaFE 3 S, Gerringer et al (2017)2 olv|:=2te] A4 oA
sHLnS 9 WEE EAHE B8l Hall o7 Heldo] Aol wek AolstA e

3 Bl o Yamaguchi and McCarthy (2018)2 UAA 7] HAAie &34 7]
Ao 719S ol Ax dAFYLAE: BHE B8 e v Qe T3 FEZ
= = A

FAES A4 Ao we ooz AHE 94 A7)} Jold 4 gl ma
o

(Romero-Romero et al., 2020; Hannides et al., 2020).
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51020159 A AHE o= # A=

Year Cruise Station Latitude | Longitude Area

2015 ARAO6A PO1 42.30 151.16 North Pacific
2015 ARAO6A PO2 44.38 155.35 North Pacific
2015 ARAO6A PO3 46.62 159.43 North Pacific
2015 ARAO6A PO4 48.86 163.52 North Pacific
2015 ARAO6A PO5 51.10 167.60 North Pacific
2015 ARAO6A PO6 53.08 171.64 North Pacific
2015 ARAO6A PO7 55.07 175.68 North Pacific
2015 ARAO6A PO8 57.05 179.73 North Pacific
2015 ARAO6A PO9 59.03 -176.23 North Pacific
2015 ARA06B 1 65.17 -168.69 Bering

2015 ARAO6B 2 66.63 -168.69 Bering

2015 ARA06B 3 67.33 -168.83 Bering

2015 ARAO6B 6 67.88 -167.63 Bering

2015 ARAO6B 9 69.17 -168.67 Bering

2015 ARAO6B 11 71.43 -168.67 Bering

2015 ARA06B 13 73.58 -168.28 Northern Chukchi
2015 ARAO6B 14 74.80 -167.90 Northern Chukchi
2015 ARAQ06B 16 75.15 -176.00 Northern East Siberian
2015 ARA06B 18 75.76 177.15 Northern East Siberian
2015 ARA06B 21 76.01 173.61 Northern East Siberian
2015 ARAO6B 22 77.01 173.62 Northern East Siberian
2015 ARAO6B 23 78.00 173.22 Northern East Siberian
2015 ARA06B 24 79.00 172.76 Northern East Siberian
2015 ARAQ06B 25 80.00 172.35 Northern East Siberian
2015 ARA06B 26 80.77 172.85 Northern East Siberian
2015 ARAO06B 27 78.93 -179.93 Northern East Siberian
2015 ARA06B 29 78.00 -174.93 Northern East Siberian
2015 ARAO6B 31 7747 -164.12 Northern Chukchi
2015 ARA06B 32 76.58 -165.38 Northern Chukchi
2015 ARA06B 34 77.00 -175.00 Northern East Siberian
2015 ARA06B 35 77.00 -179.98 Northern East Siberian
2015 ARA06B 36 76.01 -179.97 Northern East Siberian
2015 ARA06B 38 76.00 -170.51 Northern East Siberian
2015 ARA06B 39 75.71 -166.86 Northern Chukchi
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52,2016 A AHE o= # A=

Year Cruise Station Latitude | Longitude Area

2016 ARAQO7B 1 65.17 -168.69 Bering

2016 ARAQO7B 2 66.63 -168.69 Bering

2016 ARA07B 3 67.67 -168.96 Bering

2016 ARAO7B 10 70.50 -168.67 Bering

2016 ARA07B 12 72.36 -168.67 Northern Chukchi
2016 ARA07B 14 74.80 -167.90 Northern Chukchi
2016 ARAQ7B 16 75.15 -176.00 Northern East Siberian
2016 ARAQO7B 18 75.77 177.07 Northern East Siberian
2016 ARA07B 19 76.00 173.60 Northern Chukchi
2016 ARA07B 20 77.00 176.57 Northern East Siberian
2016 ARAQ7TB 21 78.00 177.28 Northern East Siberian
2016 ARAQ7TB 22 78.52 178.85 Northern East Siberian
2016 ARAQ7TB 23 77.87 -175.91 Northern East Siberian
2016 ARAQ7B 24 77.00 -175.00 Northern East Siberian
2016 ARAQO7B 26 76.00 -170.50 Northern East Siberian
2016 ARA07B 28 77.70 -169.50 Northern Chukchi
2016 ARAQ7TB 29 7747 -164.12 Northern Chukchi
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F2 0320179 A A o 2 A=

Year Cruise Station Latitude | Longitude Area

2017 ARAO8SA 1 42.30 151.16 North Pacific
2017 ARAOSA 2 44.38 155.35 North Pacific
2017 ARAOSA 3 46.62 159.43 North Pacific
2017 ARAOSA 4 48.86 163.52 North Pacific
2017 ARAO8SA 5 51.10 167.60 North Pacific
2017 ARAOSA 6 53.08 171.64 North Pacific
2017 ARAOSA 7 55.07 175.68 North Pacific
2017 ARAOSA 8 57.05 179.72 North Pacific
2017 ARAO8SA 9 59.03 -176.24 North Pacific
2017 ARAOSA 10 61.02 -172.19 North Pacific
2017 ARAOSA 11 62.95 -168.25 North Pacific
2017 ARAO08B 1 65.17 -168.69 Bering

2017 ARAOSB 2 66.63 -168.69 Bering

2017 ARAOSB 3 67.67 -168.96 Bering

2017 ARAOSB 6 68.01 -167.87 Bering

2017 ARA08B 8 68.24 -167.12 Bering

2017 ARAOSB 9 69.17 -168.67 Bering

2017 ARAOSB 10 70.50 -168.67 Northern Chukchi
2017 ARA08B 11 71.43 -168.67 Northern Chukchi
2017 ARAOSB 12 72.36 -168.67 Northern Chukchi
2017 ARAOSB 14 73.58 -168.28 Northern Chukchi
2017 ARAOSB 15 74.80 -167.89 Northern Chukchi
2017 ARA08B 16 75.24 -171.98 Northern East Siberian
2017 ARAO8B 17 75.15 -176.02 Northern East Siberian
2017 ARAO08B 18 76.00 -175.50 Northern East Siberian
2017 ARAO8B 19 77.00 -175.00 Northern East Siberian
2017 ARAO8B 20 77.99 -174.95 Northern East Siberian
2017 ARAOSB 21 77.71 179.99 Northern East Siberian
2017 ARA08B 22 7577 177.16 Northern East Siberian
2017 ARA08B 23 75.00 17361 Northern East Siberian
2017 ARAO8B 27 77.00 -170.05 Northern East Siberian
2017 ARAOSB 28 76.00 -170.50 Northern East Siberian
2017 ARAOSB 29 75.69 -166.64 Northern Chukchi
2017 ARA08B 30 76.58 -165.38 Northern Chukchi
2017 ARAO8B 31 7747 -164.12 Northern Chukchi
2017 ARAO08B 32 77.50 -158.89 Northern Chukchi
2017 ARAOSB 33 76.53 -159.97 Northern Chukchi
2017 ARAOSB 34 75.50 -161.13 Northern Chukchi
2017 ARAO08B 35 74.50 -162.25 Northern Chukchi
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504,208 A AHE o= # A=

Year Cruise Station Latitude | Longitude Area

2018 ARA09B 2 73.58 -168.28 Northern Chukchi
2018 ARA09B 4 74.52 -161.93 Northern Chukchi
2018 ARA09B 5 75.50 -161.13 Northern Chukchi
2018 ARAO09B 6 75.69 -166.64 Northern Chukchi
2018 ARA09B 7 76.00 -170.50 Northern Chukchi
2018 ARAQ09B 3 76.00 -175.50 Northern East Siberian
2018 ARAQ09B 9 76.00 -180.00 Northern East Siberian
2018 ARA09B 10 76.50 176.50 Northern East Siberian
2018 ARA09B 11 77.00 173.60 Northern East Siberian
2018 ARA09B 12 76.00 173.60 Northern East Siberian
2018 ARAQ09B 13 75.00 173.60 Northern East Siberian
2018 ARAQ9B 14 74.00 170.00 Northern East Siberian
2018 ARAQ09B 15 74.64 174.92 Northern East Siberian
2018 ARAQ09B 16 75.80 177.06 Northern East Siberian
2018 ARA09B 17 75.15 -180.00 Northern East Siberian
2018 ARA09B 18 75.15 -176.00 Northern East Siberian
2018 ARA09B 19 75.24 -171.97 Northern Chukchi
2018 ARAQ9B 20 74.80 -167.90 Northern Chukchi
2018 ARA09B 21 76.60 -166.30 Northern Chukchi
2018 ARA09B 22 7747 -164.12 Northern Chukchi
2018 ARA09B 23 78.95 -164.63 Northern Chukchi
2018 ARA09B 26 76.50 -160.00 Northern Chukchi
2018 ARA09B 27 76.33 -156.38 Northern Chukchi
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F= 5 201590 &3 AHE 2747 A 59 bulk 2 opv] gt A4 A FYAL B A

Cruise Station S Npuik §"Nan 5 Nphe TL 8 NBaseline
ARAO6A PO1 7.45 19.71 4.95 2.49 3.71
ARAO6A PO2 4.03 13.94 0.12 2.37 0.60
ARAO6A PO3 4.69 15.87 0.28 2.60 0.68
ARAO6A PO4 461 17.49 0.72 2.76 0.21
ARAO6A PO5 6.02 15.83 0.21 2.61 2.00
ARAO6A PO6 6.90 17.15 0.03 2.81 2.38
ARAO6A PO7 5.39 16.50 -0.32 2.77 0.97
ARAO6A POS 6.37 17.64 2.30 2.57 2.44
ARAO6A PO9 5.34 16.42 1.28 2.055 1.47
ARAO6B 1 8.39 21.57 4.28 2.83 3.82
ARA06B 2 8.99 21.08 5.14 2.65 4.87
ARAO6B 3 9.33 22.67 5.97 2.75 4.96
ARA06B 6 10.02 21.55 5.54 2.66 5.87
ARA06B 9 12.33 22.46 5.42 2.79 7.84
ARAO6B 11 11.49 24.26 5.07 3.08 6.30
ARAO6B 13 12.07 25.92 547 3.24 6.46
ARA06B 14 10.69 20.50 4.87 2.61 6.67
ARA06B 16 11.42 20.55 3.83 2.75 7.04
ARAO6B 18 11.35 22.50 5.60 2.78 6.91
ARA06B 21 11.11 22.69 6.50 2.68 6.91
ARAO6B 22 11.03 21.03 4.96 2.67 6.86
ARAO6B 23 11.14 24.23 4.27 3.18 5.70
ARAO6B 24 10.88 24.17 9.47 2.49 7.16
ARA06B 25 11.33 23.93 5.66 2.96 6.44
ARAO06B 26 11.66 24.07 6.22 2.90 6.91
ARAO6B 27 11.29 25.49 7.89 2.87 6.62
ARA06B 29 11.98 24.43 9.90 2.46 8.32
ARAO6B 31 11.74

ARA06B 32 10.50 20.26 3.81 2.72 6.20
ARAO6B 34 10.30 24.13 6.19 291 5.52
ARA06B 35 11.48 21.69 5.07 2.74 7.13
ARAO6B 36 11.27 22.46 5.87 2.73 6.94
ARA06B 38 11.39 20.83 6.45 2.44 7.78
ARA06B 39 11.69 20.37 6.26 2.41 8.16
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206, 20160 @Ak A 27 AR bulk B oopv| =it A4

Cruise Station S Npuik §"Nan 5 Nphe TL 8 NBaseline
ARAO7B 2 11.30 21.61 4.85 2.76 6.90
ARAO7B 12 10.70 21.85 7.66 2.42 7.15
ARAQO7B 14 9.90 21.15 5.16 2.66 5.76
ARAO7B 16 9.40 21.26 6.03 2.56 551
ARAO7B 18 8.90 20.88 534 2.60 491
ARAO7B 20 9.60 20.95 5.96 2.52 5.79
ARAOQ7B 21 9.70 21.75 7.15 2.47 6.01
ARAO7B 24 10.40 20.50 6.32 2.42 6.85
ARAQ7B 26 10.40 24.81 5.56 3.09 5.19
ARAQO7B 29 11.90 23.95 494 3.05 6.76

_60_



=27 20173 A 4HE 2747 Al59 bulk B opr =t HA A EA L8] (%)
Cruise Station S Npuik §"Nan 5 Nphe TL 8 NBaseline
ARAOSA 1 6.95 20.91 2.82 2.93 2.11
ARAOSA 2 473 14.38 1.71 2.22 1.69
ARAOBA 3 3.56 14.97 -1.07 2.66 -0.60
ARAOBA 4 3.56 15.52 -0.66 2.68 -0.64
ARAOSA 5 5.19 13.45 1.66 2.10 2.43
ARAOBA 6 6.27 18.93 4.46 2.46 2.63
ARAOBA 7 414 15.53 0.77 2.50 0.40
ARAOSA 8 6.22 16.06 -0.97 2.79 1.74
ARAOBA 9 7.45 18.80 2.42 2.71 3.18
ARAOBA 10 11.53 25.13 9.26 2.64 7.43
ARAOBA 11 10.68 25.55 9.11 2.72 6.39
ARAO8B 1 6.75 22.32 6.35 2.65 2.61
ARAO0ZB 2 11.92 24.93 8.68 2.69 7.70
ARAO08B 3 951 21.34 455 2.76 5.11
ARAO8B 6 941 22.64 5.01 2.87 473
ARAO8B 8 11.21 23.82 10.03 2.37 7.79
ARAOZB 9 11.13 22.85 5.27 2.87 6.47
ARAO0ZB 12 10.00 24.85 7.56 2.83 5.44
ARAO8B 14 10.65 23.70 6.85 2.77 6.23
ARAO0EB 15 9.42 24.03 6.06 2.92 4.63
ARAO8B 16 9.43 22.09 7.65 2.45 5.80
ARAO8B 17 9.85 22.33 7.74 247 6.16
ARAO8B 18 10.31 22.83 8.52 2.43 6.72
ARAO0ZB 19 9.99 18.74 5.31 2.32 6.69
ARAO8B 20 9.37 1772 6.50 2.03 6.80
ARAO8B 21 10.32 23.93 7.35 2.73 5.99
ARAO0SB 22 10.41 24.19 7.36 2.77 5.99
ARAO8B 23 12.06 25.99 10.11 2.64 7.95
ARAO8B 27 11.54 23.20 6.09 2.80 7.03
ARAO8B 28 9.77 19.76 3.99 2.63 5.70
ARAO0ZB 29 10.44 18.99 451 2.46 6.79
ARAO8B 30 10.29 21.62 6.29 2.57 6.36
ARAO0ZB 31 11.00 21.88 5.89 2.66 6.86
ARAO0SB 32 10.22 19.18 5.63 2.33 6.88
ARAO8B 33 11.97 19.62 5.30 2.44 8.38
ARAO8B 34 11.81 20.45 542 2.53 7.98
ARAO0ZB 35 13.02 21.97 5.36 2.74 8.68
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F508.2018 Ak AE 27 AR bulk B ooprieAl A

Cruise Station S Npuik §"Nan 5 Nphe TL 8 NBaseline

ARA09B 2 20.08 2.82 2.82

ARA09B 4 12.02 2291 3.80 3.05 6.89
ARA09B 5 11.24 23.40 4.00 3.10 5.98
ARAQ09B 6 10.61 23.13 3.86 3.09 5.38
ARA09B 7 11.63 22.68 5.72 2.78 7.17
ARA09B 8 712 20.12 5.45 2.48 3.41
ARAQ09B 9 9.97 18.58 1.96 2.74 5.63
ARA09B 10 7.50 19.33 2.39 2.60 3.50
ARAQ09B 11 7.74 22.17 4.00 2.94 2.88
ARAQ09B 12 7.43 20.16 3.58 2.73 3.10
ARAQ09B 13 8.25 19.10 3.86 2.56 4.36
ARA09B 15 9.09 22.75 3.26 3.04 4.00
ARAQ09B 16 9.06 21.36 5.89 2.59 5.09
ARAQ09B 17 8.19 22.06 6.00 2.67 4.03
ARA09B 18 772 21.44 5.10 2.70 3.46
ARAQ09B 19 8.41 21.72 547 2.69 418
ARAQ09B 20 11.97 21.83 5.57 2.69 7.714
ARAQ09B 21 11.38 22.99 3.93 3.06 6.23
ARA09B 22 12.46 22.85 478 2.93 7.63
ARAQ09B 23 14.24 23.85 4.46 3.10 8.98
ARA09B 26 10.63 22.64 1.90 3.28 493
ARA09B 27 10.53 22.00 5.39 2.74 6.18
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5 9. 2017-184

7}317}01

A A5 ofr

A SeEE (pg/mg dry weight)

Sample Ala Gly BALA Val Leu Ile GABA Pro
St.16-01 0.23 0.28 0.06 0.14 0.42 0.12 0.10 0.44
St.16-02 0.43 0.47 0.09 0.28 0.79 0.22 0.14 0.78
St.16-09 0.21 0.24 0.07 0.13 0.76 0.21 0.14 0.75
St.16-11 0.19 0.22 0.06 0.11 0.26 0.09 0.10 0.40
St.16-17 0.15 0.15 0.08 0.12 0.28 0.11 0.13 0.29
St.16-18 0.58 0.59 0.12 0.38 1.05 0.29 0.19 0.93
St.16-19 0.56 0.58 0.11 0.28 0.92 0.19 0.18 0.92
St.16-20 0.23 0.28 0.07 0.12 0.35 0.10 0.13 0.42
St.22-16 0.15 0.20 0.06 0.08 0.21 0.07 0.10 0.27
St.22-17 0.12 0.13 0.06 0.05 0.17 0.05 0.11 0.24
St.22-18 0.11 0.14 nd 0.07 0.15 0.07 0.10 0.22
St.22-19 0.17 0.20 0.05 0.10 0.23 0.08 0.12 0.30
St.22-20 0.37 0.49 0.07 0.20 0.64 0.16 0.16 0.64

Sample Asp Thr Ser Met Glu Phe Lys Total
St.16-01 0.64 0.36 0.45 0.20 0.60 0.29 0.29 4.62
St.16-02 1.14 0.55 0.73 0.34 1.15 0.49 0.44 8.05
St.16-09 1.10 0.53 0.71 0.32 1.11 0.47 0.42 7.16
St.16-11 0.37 0.26 0.37 0.13 0.43 0.20 0.24 3.42
St.16-17 0.37 0.26 0.35 0.15 0.40 0.21 nd 3.06
St.16-18 1.55 0.90 1.28 0.44 1.53 0.69 0.57 11.08
St.16-19 1.29 0.77 1.26 0.33 1.33 0.62 0.55 9.89
St.16-20 0.52 0.35 0.61 0.21 0.56 0.24 0.29 4.49
St.22-16 0.34 0.24 0.39 0.12 0.37 0.16 0.23 2.99
St.22-17 0.14 0.19 0.27 0.13 0.21 0.13 nd 2.01
St.22-18 0.24 0.21 0.34 0.16 0.26 0.13 nd 2.22
St.22-19 0.27 0.23 0.42 0.22 0.33 0.18 0.21 3.10
St.22-20 0.84 0.49 1.03 0.38 0.87 0.40 0.33 7.07
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55 10. 2018-199

=1 7l<gj1

A A Ee] o]

b 3FeF (pg/mg dry weight)

Sample Ala Gly BALA Val Leu Ile GABA Pro
St.16-01 0.77 0.75 0.66 1.19 1.19 0.84 1.15 1.06
St.16-02 1.03 1.12 0.11 0.80 1.97 0.67 0.29 1.20
St.16-03 0.37 0.49 0.10 0.29 0.65 0.26 0.26 0.57
St.16-04 0.55 0.71 0.10 0.42 0.91 0.37 0.29 0.64
St.16-05 0.53 0.65 0.11 0.40 0.76 0.33 0.27 0.57
St.19-01 0.77 0.76 nd 1.10 1.23 0.83 1.04 1.07
St.19-02 1.28 1.32 0.10 1.48 2.75 1.19 0.34 1.67
St.19-03 0.66 0.81 0.10 0.67 1.35 0.61 0.35 1.06
St.19-04 0.44 0.55 0.10 0.37 0.69 0.32 0.29 0.61
St19-17 0.72 0.81 0.10 0.71 1.33 0.60 0.30 0.97
St.19-18 0.75 0.87 0.10 0.58 1.29 0.48 0.35 0.90

Sample Asp Thr Ser Met Glu Phe Lys Total
St.16-01 1.45 0.69 0.84 1.23 1.50 1.52 nd 14.84
St.16-02 3.18 0.60 0.88 0.73 3.23 1.17 0.56 17.55
St.16-03 1.46 0.29 0.58 0.35 1.20 0.60 0.25 172
St.16-04 1.75 0.37 0.59 0.43 1.67 0.71 0.29 9.82
St.16-05 1.46 0.31 0.49 0.38 1.48 0.63 0.26 8.65
St.19-01 1.62 0.75 0.86 1.18 1.80 1.48 nd 14.50
St.19-02 4.46 1.64 1.59 0.87 5.11 1.56 1.02 26.39
St.19-03 2.67 0.69 0.89 0.52 2.711 0.99 0.36 14.45
St.19-04 1.60 0.42 0.62 0.36 1.38 0.59 0.25 8.58
St.19-17 2.48 0.75 0.85 0.50 2.96 0.93 0.39 14.01
St.19-18 2.51 0.53 0.80 0.55 2.44 0.87 0.30 13.33

_64_



B2 11.2017-189 AAAA A5 bulk B4 2 AA HHEHDL, ofumAte] A4 o

T 2u o).
Sample  6%Cpu 8" Npu 6N TL =V

la Gly Val Pro Glu Phe

St16-01  -34.10 1022 1278 596 17.08 1199 1304 181 203 159
St16-02  -26.00 994 1477 848 1708 1631 1508 796 149 225
St16-09  -2540 958 1502 7.77 1535 1852 1768 856 175 256
St16-11 -23.86 897 1543 912 1281 1719 1766 890 171 252
St16-17  -2506 904 1432 890 1797 1558 1481 713 156 223
St16-18  -26.22 840 1061 574 1492 1494 1278 606 144 251
St16-19  -2543 940 1466 7.16 1695 1817 1523 539 185 263
St16-20  -24.08 807 1002 359 1677 1381 1290 608 145 280
St22-16  -19.14 869 1254 437 1522 1624 1438 556 171 277
St22-17  -1541 741 1165 460 491 1219 1130 379 154  3.06
St22-18  -1923 691 924 431 982 1205 1165 523 140 277
St22-19  -1895 747 1037 446 1414 1270 1132 537 134 285
St22-20  -2391 811 904 519 947 1081 962 452 122 172
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B2 12 2018-199 HAAAA A5 bulk ¥4 2 AA HHEHDL, ol mAte] Ak o}

T 2u o).
Sample  6%Cpu 8" Npu 6N TL =V

la Gly Val Pro Glu Phe

St.16-01  -26.37 844 949 660 1058 1064 1042 723 097  0.40
St16-02  -2390 739 964 544 1235 1045 1109 511 134 084
St.16-03  -2396 832 1060 592 1387 1177 1160 354 161 096
St16-04  -2393 929 1193 541 1556 1264 1350 547 161 112
St16-05 -21.78 977 1412 975 1772 1247 1627 810 163 185
St.19-01  -2396 895 1493 6.16 1336 1621 1544 1033 122 084
St19-02  -2266 749 1214 521 1462 1231 1384 529 168  1.00
St19-03  -2311 737 1154 462 1292 1062 1245 562 145  0.80
St19-04  -2350 827 1502 812 1963 1930 1609 890 150 195
St19-17  -2392 926 1828 1017 1768 1485 1836 11.35 148  1.22
St19-18 2398 869 1578 980 11.32 1362 1433 938 120 129
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