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SUMMARY

I. Subject

- Identification of sea ice algae and development of biomarker

II. Objectives and Necessities

1. Objectives
- To understand the characteristics of organic matter of sea ice algae and
organic matter cycle in the Arctic and Antarctica sea ice ecosystem

2. Necessities
- Sea ice evolution on the Arctic and Antarctica affect the growth of sea ice
algae and the retreat of sea ice will be change the productivity of sea ice

algae and biogeochemical cycle

- To understand the organic matter circulation on Arctic and Antarctica
ecosystem, it should be necessary the study on the supply and removal

mechanism of organic matter from sea ice algae

IM. Contents and Scopes

- Production and secondary biomarker analysis of sea ice algae in the Arctic
and Antarctica

- Characterization and understanding of sea ice algae on the landfast ice in
the Arctic coastal region

- Understanding the physiological and biochemical characteristics of sea ice
algae through analysis of relationship with environmental factors(eg.

temperature, salinity, sea ice light transmittance etc.)

IV. Results

- Most of the sea ice algae in the Arctic and Antarctica is dominated by
diatoms and differs from the dominant species in the both region

- Sea 1ice algae on the Arctic and Antarctica show differences in
UV-absorbing compounds and auxiliary pigments composition, and



macromolecular composition

- Bulk carbon stable isotope and fatty acids carbon stable isotope value of
Arctic were heavier than that of sea ice algae on the Antarctica

- Identification of possible organic matter to be developed by biomarker of
sea ice algae in the future and possibility of biomarker development using

compounds specific stable isotope (fatty acids).

V. Application Plans

- Promote the significance and ecological position of sea ice ecosystem that
has been neglected in the organic matter cycle on the polar ecosystem and
provide base data on the importance of the future polar ecosystem

- It is possible to create various research project through wide area and
various sea ice samples

- It is expected that the development of biomarker of sea ice algae will
provide information on the past and present of sea ice behavior through the
surrounding sea water and sediments and provide the data of modeling.

_Vl_
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Sea-Viewing Wide Field-of-View Sensor(SeaWiFS)E &-&3& EA% o7 &%k
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trolr W]l dAHEA AFtoli= AlgkF ot Norwegian young sea ICE
(N-ICE2015) expedition (227 3S F3] 5= sea ice regimed] thsh A7}

18 Foll 9l

i B g AEAIE olsiety] % vhge A I

B s dan s &89 Ay mAxFe MY SAHAATE e
o A= wl g AFHoz AP Q= HbH(Lee et al, 2008) =A A=
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1. 95 sea ice algae

G5 o] pack ice®t fast icerm= MAIZRF o HEI N2SAHS AF
&TH Arrigo, 2014). 5731, sea ice7t A F L Aol wet mARF g 7 87
DA HASHA H, d3 JFde] FES FFol o] FoAE sy WP A 944
A F A A th(Arrigo, 2017). @&
HES sea ice algae7t ©@@sta 9low, H|E F

[e)
o
wolAw, dyel Wel gl Aol FU% Ba FrAoAe G Fas

AEHd BIa thdAl &)W (multi-yvear ice)x 45-9.0 x 10" km?e] W& Holx Wiy,
ge) thd A e 35 x 10" km*e] WAHS Hv ALFE 5T annual WS
2 x 10" km’S. 2 °F 16 x 10" km® F7tatm], d=5< A9 Fw 165 x 10° km’?]
annual s®Wo] A @A < 19 x 10! km?2] sio] Athat sy HejA7} &

al ol A

7!
—

<

= Yol A2EE sea ice algaers FAE ol M2l HEje olE Holw
Ak ¥ 19 (@) #Zo] sy W layerdld AAsks i mAlzFE whgd 24
HalE R oA Holth(Lizotte & Sullivan 1991). Wi = 71X =] s Z4-F,
SR YZHEH 1.0 “1.5m AFole] brine channel®] 9% 173 psu, =%+ -16 ColslY
7S Hol7|%= dth(Kottmeier & Sullivan 1988). 28 19 (b) ¢ zo], 3= <
Aol ZojA sz dFste v dFE 55 AddA geld 4 th(Johnsen

& Hegseth 1991).
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A Z2FE AP/ EAS AASAT 35 2 55494 574 172 m ¥ S A5k
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AJNA = A 51 B5Ev] 7 (BX53TR-32FB3F0 microscope, Olympus, Inc.,
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T4 = Cupp(1943), Brunel(1962), Hendey(1964), Simonsen(1974), Dodge(1982),
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AF7)15 B8] 94 Ax & Eda 24 3 —80 Tol ®astt
EANZINE Bt 94 AFx ®@ AEE 1 N HCl fumel & over-night a2 24

ENEAE AASYGE. F7EA AA FE NaOH fumeloz 32 AH = £

EA-irMS (EuroEA-Isoprime IRMS, GV Instruments, Cheadle Hulme Stockport, UK)

Protein standard solution(SIGMA)< ©]-&3te] A 89 s&=5 st A2 ¢,
72zd" AF &4 $ 1 ml chloroform® 2 ml methanols ©]-§-3}
and Dyer, 1959; Marsh and Weinstein, 1966). +% g&H¢ &
360 nme] TgolA FAHsAT ©48HE2 Dubois et al.(1956)9] WHS 4 R}



o FRPetald, AzE AE B F 490 nmolA F4 F v FAagl

A 771 Wl MAAs 245 dal AHAE ANEE s2401F75 Soto ¢
z8gth ARE 1009 MeOH 3 miE 2ol& ¥ 4 T WAiLelA overnight F%3}
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£

Al =48 ®BAS7] 98ke] canthaxanthin(Internal Standard)S 50 pls 3 7}t
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F3tel Water packing(300 ul 32k F#F5 &%)l  High-Performance Liquid
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B
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column(150 x 4.6 mm, 3.5 ym))< °]&3A L, o5 &l A(Methanol: 50 %,

Acetonitrile: 25 %, Aqueous pyridine solution: 25 %)} ©]%4 & vl B(Methanol: 20 %,
Acetonitrile: 60 %, Acetone: 20 %)& ©]&3}o] #4135} 9™ chromatogram®| %2
(peak)ell Wigt =42 FF=AMA(DHI water & Environment, Hgrsholm, Denmark) 2]

M5 Al 7H(retention time)¥} Hlx AASIATE FFM A0 FEE Jeffrey2] sl &e7
1
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sea ice algae? A|WAH(fatty acid) A& 45 ¢ 71458 vl 5% 7] (Accelerated
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Hom, 7t2ARvEIY-AFEN7NGC-MS)B 7F=azntE3(GC) 4S5 913

2 ml Hlo] o] HFHow A Gk},

7t~ A2aE 3 (GO)
wE AR AR A4S ddll 2ol E71(FID)7F &3
2 (Shimazu)& ©]-&3F3Ath 32 (peak) &2l CP-sil 5 CB Ael7F ZH& ©]&3t3d
o, FHVARA AeEE AFS AMESIH JtaaEvtEOY i 27 2R
70 Ceolw 20 C/min ¢ B]&= 130 C, 4 C/min¢ H]&=2 320 CTE A SHFAoH,
el

=
HFHow 15 B3+ FAAAY

it
N
P
L
i
_‘EL
i

Zb22aZ2wpE 23 -A #E A 7 (GC-MS)

A dae] BAG 2L Sld trazsEag-A

ol

#2471 (Shimazu,
QP2010)E o]&3Att m/ze M= 50 - 800 oW, A % 2-xAL JtAa=w
Eady sdstA AAsFA
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SraretE 2 -29 9 A4 7] (GC-IRMS)

Agare] Ba AAEAALA(GEC) BAL g AsAERHEID-EAARE

EEE Bt RE R

al
A A Fel A 27 2

we,
M
il

IR £

=

type A6, Indiana Unversity)= ©]-&stom, A5 el gld ZFHA= 05 % ©l
Yz EAFAY. FFEHozr AxdE vh FYYA¥|E Vienna Pee Dee
Belemnite(VPDB)& 3% & ¥ ¢l t}.

Na,SO, column

‘ | [ For fractions

' i Al,O,column
"' Apolar fraction | Polar fraction
 (Hex: DCM, 9:1) (DCM: MeOH, 1:1)

‘ BF ; methylation (60°C, 10 min)

[ Total fatty acids

‘Silicacnlumn

Phospholipid-
linked fatty acids |
a9 4 AL FF 3 B 24 55%
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N7 F& 2 GC/MS 428 Belt et al.(2012)¢] W
A3tz DCM/MeOH 3 mlE %

< GC/MSE #+4 a3l

10 To] v&=2 &

SIM REZ 5] BAS 2AX s

o

N2

v

(Belt et al., 2012)

Solvent

Sediment&
internal standards

% 5. HBIs Al& dAg 99
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3. Ay 9 E9
7F. &5 sea ice algaed] £FA

G5B sea ice algaed] XL F Y BYF grEH7F AU

%
Mg el Apolol] o3 ME e FRAS Holi vk FHL A2 9 Horner

PR FE2FIS B Jdoh 28y FEF Y dxoew dJREF 3 Y
AR A Yol A A= YrHGast et al, 2006). A Hoz F gL FFHTIE
5= ol =4 ®Hola low 5= die] 4e "EH S Mg A 9lom,

=3 FH S 7Y T Yo R Qlste FEg T g S B AT Arrigo, 2017).

= sea ice algae®] FTXAHL TFEF7F Adl -3 UTh
E3] B sl MASteE v|AZRF= Melosira artica ¢+ Navicula spp.”7} $-73 38kl
Jom(2g 6), B ol MAsk= v M ZRFE= Fragilariopsis sp.7}F 483t A&

B Ay = G5 syl MAstE vAlRFe] A9 heterotrophic$t dinoflagellate
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a% 6. 5= e AAsteE mAERF. A AA T2 B Melosira
arctica, C: Navicula spp., D:Chaetoceros socialis;, E: Dictyocha

speculum.

a9 7. 9= slged AAsteE uAlzF B odAA 224 G
Fragilariopsis Type 1; H: Fragilariopsis sp. Type 2; I: Centralis
diatom; J: Dinoflagellate (heterotrophic)
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5= sea ice algae® A F7] ©A E bFEHA v vl
= sea ice algae] YA F7] &4 2L HA HHFALA G E 19
sea ice algae®] 4§ AEZFHIAEC] wAE ©]F massive FEE YE
&o] 3882 %, a9 &L 055 %S 247 YERlY. 55
AR g2 Qdste] FAo v go] FEd] e o Hlr vy
212 %, v 201 %= 5= v A xFol vldl =2 ZA%HS 3
il 9 Ao R HOtH B sea ice algaes AHAHOoR AL v©A/HdA TYY
e YeEl o (eka: -2166 %, EA: 82 %), ¥ sea ice algaet® T4

BA
2469 Yo, A4 537 ol AHHA LR THHE F9dA S Hola o 53 |

[l

ice algae”7l} 7M1 ¥ THLL#TS Holal J& AL W U sea ice algae?] =2 A=
ol &) A dissolve inorganic carbon(DIC)7} @3] 1z xo] Q7] wi-oz Hlt}

(Rau et al., 1991; Kennedy et al., 2002; Arrigo et al., 2003).

I 1.9 B sea ice algaed) A3 7] B4 2 FAAx AT AL 7t

name 83C(%eo) C(%) 8N (%o) N (%)
Arctic seaice algae -21.66 38.85 8.20 0.55
Antarctic seaice algae -24.69 21.20 5.37 2.01
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th A e

o

-5 sea ice algae®] AUEAZAL] S 55 sea ice algaet™ A A (554 %)°]
L}E}

v

A skl o, B3E(36.6 %), T A (R0 %)o] 2zt A
sea ice algae: ©43E(67.7 %)o] 7 & WFTE AT YL,
(35 %)o] A& YER I A (2™ 9).

A
)
%), T

Arctic Antarctic

i

« CHO «PRT =LIP

» CHO = PRT o LIB

a9 9. &5 sea ice algae?] AWEA FA
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2] &4 E 42l mycosporine-like amino acids(MAAs)E &3 % 310 nm ~
360 nme] HAFFEE Kol EHE FaAF (AN ZRYH AX W Wi 7#Hs
B33y 93 EdE de 49 g 28y B A7 A7, 5 sea ice algae:
massive @EE AMAFO RN LAE ol F7] wliol A F EHo EvU AdA
o2 v 7S g F o, Pd5 sea ice algae®] ¢ sl Tl Lo o

A Aol Fa 22 Aol o] Folxl AL & vk 10).

Arctic sea ice algae

hanes AT

FIT

o " ! 2 = % aaghm

Antarctic sea ice algae

T T T T T
= = = B3 i e

!

a8 10, 5= sea ice algaed] AYH T4 Edo B
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A7) B HNE 9 o B2 Y
AzxF &4 2FEH(blue/red peak)S EdlilA FEF T8 Lo}
£ 4 o (Morel and Bricaud 1981). sl® 3 22 =3t 4o A ek s mAlx
e dlW 29 Telel A At Z2RET o & A4 S HolAl Hu,
Fg Ayt FAE JASHA self-shaded® 5= sea ice algaedlA © &2 AMAE
SHFEta g AL B $ Qb B sea ice algaed A9 blue/red peak’t 457%
& Holal Qv uwhebA

[e)
=
WY Ry FEo] 5 massive 7S olF AESIHIAERY YgE€3o=E &

Y

Holx= WA Y= sea ice algae® 7-F 3.6302 e H]

N
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b B2 sea ice algaed BE MA %A

5= sea ice algae2] chlorophyll a2 &%=+ 84.54(+0.32) pug/g o2 massive TS

o]F S Hola 9= Wk U= sea ice algae® chlorophyll a®l Hx+: Atjdo=z
2$o 066(£0.06) ug/g o= W] brine channeld]l A28t Q= sea ice algae®]
AEZFS Hola ul P B sea ice algae BF EE FEFE TERFY BERA A
fucoxanthin®] %7} 7} =4 Yelutth. 5= sea ice algae®l fucoxanthin® %+
96.19(x0.53) ng/gel™, ¢ sea ice algaet 198(0.015) ng/g ¥=5 77t YeERfx
Atk H= sea ice algaedl H|3 Bl A TheFst REMA Y 2L FEE Holal

ATHZH 11).

“| Arctic sea ice algae i

-
%ﬁ
— S
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vl &5 sea ice algae] A|WAF T vl 9 XA ok 5 YA ]

B sea ice algaed] AW FEE E 20 YEFIT B sea ice algae?] A
A 24 vls] @S sea ice algae®] A WAF Aol AiA o tgd S E o+
Attt 53] s EXIALY] FE7F P sea ice algaed] A$ 265 %% 5= sea
ice algae®] YT EXSAWA H& 2.8 %ol vl €53 =& A & F7F AtH(H

13). &= sea ice algae?] AWt AL 3 x| HALY @l Bx3pxHALe] H]go] A

s

E 2. 9 -5 sea ice algae?] AW Hx oH

Antarctic Arctic

H

Saturated fatty acids (%)

c14 3.9 14.9
C15 0.7 0.5
C16 y/ 48 10AN AN 15.7 29.7
C18 12.0 8.7
€19 18 N.D.
C21 14.1 N.D.
Monounsaturated fatty acids (%)

C15:1 17.1 41.1
C17:1 6.2 23]
211 2.1 N.D.
Total polyunsaturated fatty acids (%) 26.5 2.8
Total Sum (%) 100.0 100.0
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&

s 245 B &

K
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22

- B sea ice algaed] A WHAF 2A |
:lj‘

SpAAE H &

=

o] A A A A s (biomarker) 2 &8 7Hsstth A4S Fol E 724 Aol7l 58
ab7] wiigoll a¥EA A Frl=TE detel dY AREEHE BAARE T stdold
(Harvey, 1994). oS E9] Cl47C21 ¥3} A"l 2k(saturated fatty acid)®] 4% 3%
5 AAE S YelE A x2 A8 9o C227C33 saturated fatty acids 4471
¥ F71& (vascular plant)®] A|A|AFZ &-8-¥tH(Volkman et al., 1980). Monounsaturated
fatty acid(MUFAs) ¢} poly unsaturated fatty acids(PUFAs)E R5 FZF9F & 3
o 257 7199l Wb dicarboylic Acids(DCAs)E X719 A A A2 AL&-F T}
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5= gea ice algae?] AW b E U4 H

Sea ice algae A|'§1te] AFFPdLE FATORM 5 AAAREEA 9=

fo

AT B sea ice algae AMAte] hAE PN C160E -232 %ol @ vE

i glom, C17:1& -240 %, C180+= -21.

9
AxnE den gk 58 FAS buk HAdAEAALNE

sedalo] LpEh R ek 14).

C16:0(-23.2%)

C14:0

_=C18:0(-21.9%)

Relativeabundance

v

Retention time

I3 14. 5= sea ice algae®] A HAF B4 A F AL H
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2HlE 5 sea ice algaeol H|&] 7}H &
o}t 9 sea ice algae AWATe] oFAE 9 Y AanE Cl6:0%
s UEra gl
2

™ Cl17:12 -255 %, CI80= -255 %ol Audo=z
W2 ehy
A

Itk = sea ice algae T3 71H|& bulk EbA
AAFALanE 72 AL gLaAdA LA E e AT (2E 15). 7+
A A B0t 59l YA = bulk ¥HAQMAE S

e S westa gk

C16:0 (-23.4%)
Fi i)
cis: ¥ C17:1(-255%)
Y Ci8:0(=25.5%)
5 1
\ ! P
lIi :
g +—
- \
c \ €21:0
o \
o |
o \
2 \
o
[+}]
= C21:1
€19:0 V4
- - }
Retentiontime

% 15, 9= sea ice algae A|WAF ©A9HH F 91 ¥4H]. Pr Polyunsaturated fatty acids.
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2 T9da e e As FRelal, methylation ¥ st V= S9dL
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>

Isotope fractionation

-30.0 -
y = 0.9284x - 46.614
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19 16. BF; methylation®] W& %994 24dz+8.
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Ab @B sea ice algae®] HBI 5=

Jm

g

@ -E-¥ 3} highly branched isoprenoid alkene(HBD)&= EWkolA B2 Fot
iR gt ofs) AArEI A S V5SS Hddte=d AFSEH = AAAR o
(Belt et al. 2007; Brown et al, 2011). Belt 5(2007)2 o] ©d-&¥3 HBIS t&
HBIE ¥ +H3sl7] 98] IP25(IceProxywith25carbonatoms)&ts ZEA] 2 A3} T}
1%, P25 Y RO R RAAAZRZA, s delA #A s vzt 5L
st zEAZ g AFEH I ti(eg. Massé et al., 2008; Belt et al., 2010, 2013;
Fahl and Stein, 2012; Stein et al, 2012). IP25°] A4k F2 s o] 7Hgabe] o A
dtstm Fiy oy o]l gle tidel = Aol ofF mmlEAY (e
Aoz dHA dth(e.g. Miiler et al., 2011). ¥ A+ A3} 5= sea ice algae2] 4%
ol ut HBIZF A&HAH L™ 17). = sea ice algaeo| A IP25% 0.013 pg/g, diene

o

00193 ng/g < 217 W ou, triene® AEHA ket
IP25

m/z 350.3
Diene

m/z 348.3

Triene /

9 17. 5= sea ice algae®] HBI 2= EH,
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5 sea ice algae®] F7138F5HE A9 Aol i 3 A AT

b

3. @5 seaice algaed] #7138 E A9 Ao

M4 HEl Massive Brain channel
O X T Melosira arctica Fragilariopsis sp.
POC High Low
PON Low High
&13C isotope Heavy Light
6N isotope Heavy Light
Macro-composition Lipid Carbohydrate
Pigment Photo-protective Light-harvesting
Fatty acids (PUFA) Low High
Isotope of Fatty acids Heavy(C18:0) Light(C18:0)
HBI IP25 / Diene -

l

B gea ice algaed] 7FE 2 Aol HS HAFHHE B sea ice algae: dH 9

Lok Foll ZFolA AdAste] Adigh RS olF FEE olF vk ¥k P sea

ice algaex= & W brine channeld]l A21&og2x Jokdy Heo A3HS Azoz

o] Wke Aow polth B sea ice algaed WE $FHEFLS FEF F Melosira

arcticac|® =& POC &%, %S PON & ¥ BAE &4 AXx

el ok BFH, 9= sea ice algae®] Wi $HE2 fXF Fragilariopsis sp.=
s

< POC &%, 7IH& ©&4, A4 St dLnE Hola oy, A

ARl kol AT Ae B 5 Avh 5= sea

=

Y= sea ice algae: ©r3lE o] A
ice algaex= A3 F+HE oo R BRI AL AAo] kel HBL A T3 =

sea ice algaed] P& FrxEs AL 2 £ gk gy 2 A2 o B7Eal

_28_



A s

9

= U= sea ice algae°l H]

Ho

G

o
o

= sea ice algae?] A

=3
=

Kol R,

Hl S

=)

bo 1A 2

S

AFEd Aoz 7P

_29_
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1. AYJBEA] HWo] sea ice algae A= A A g Ad
A FEATe dstoF Jce Covered Ecosystem-Cambridge bay Process
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