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(0] 5
=

A T £ o)A ek A 5 F7VF FEERERAEANR G o) (Perinereis aibuhitensis)2] AEW AU A] SHH(CEA,
cellular energy allocation)ell F] X &S drofr 112} 0.39(HZ27=390 ppmv), 3.03 (=3,030 ppmv), 10.3 (=10,300
ppmv), 123 30.1 (=30,100 ppmv) mM] o4l ekA S5 2= dllol] HFS 7 E3te] AL olu A g} Al
22 HAAPASA|A(ETS, electro transport system) 2735 24181500 APAES] A2, B4, T2j3 Tl =) ETS
EHE oYA] 2H]ES Aitste] CEAE At A o|abslakl 557t Sl whel CEAZF Z4skairt. A4 <
735 oA w7t 57 5 AT STkl oH, G o ikskek A w5 3.03 mMR! A FTellA] Tt
3 103 mMRI A TelA A7 SISO TP =8 SR E Tl ashe A EE Bt diizle o]
AFEREE 571 3.03 mMR! ATl = Gl ISR, 10.3 mM o] sEolAFE ol gk 0] CEA 74
7 UERsLTE, o A] AR]E-2 olibslekA H T Fol ARk 725t 57T @ido] YEFAINE, CEAE tlZ&7-9) v wal
3.03 mME] ARTE] ZHAsiSitt. oilslkAs Sl pHE W] AR AEHAE ST AL, Al ¢
U] gdaslel] ks v Zlo s AE) sjil WA FolE o183 CEA B7Ha A= tf7] 5 olitsietae] 7
T ofhkslekAa AfkE flal F21E AL gl Sl AFAGAKY A elA FEE oliksiebae] T EIAl A de

5ok An® o8 = Qla Ao JekE

T

Abstract — An experiment was conducted to evaluate the biochemical adverse effect of increased carbon diox-
ide in seawater on marine polychaete, Perinereis aibuhitensis. We measured the available energy reserves, Ea
(total carbohydrate, protein, and lipid content) and the energy consumption, Ec (electron transport activity) of
Perinereis aibuhitensis exposed for 7-d to a range of CO, concentration such as 0.39 (control =390 ppmv), 3.03
(=3,030 ppmv), 10.3 (=10,300 ppmv), and 30.1 (=30,100 ppmv) CO, mM, respectively. The cellular energy
allocation (CEA) methodology was used to assess the adverse effects of toxic stress on the energy budget of the
test organisms. The results of a decrease in CEA effect of increased carbon dioxide in seawater from all individ-
ual in Ea and Ec. Increase of carbon dioxide reduced pH in seawater, significantly. The chemical changes in sea-

fCorresponding author: jslee@neoenbiz.com
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water caused by increasing pCO, might cause stresses to test organisms and changes in the cellular energy
allocations. Results of this study can be used to understand the possible influence of CO, concentration
increased by the leakage from sub-sea bed storage sites as well as fossil fuel combustion on marine organisms.

Keywords: Carbon dioxide Capture and Storage(CCS)(©]4F3} &4

327] 9 A7), Carbon dioxide(] 4+ EHAY),

Cellular Anergy Allocation(CEA)(H 32U of[U =] 2Hd), Polychaete(CHE-F), Ocean acidification(3l %23 5}

LM B

olakalek (CO,)yE A28k (global warming)®] SFHOZ 9
21 E|THA(IPCC[2001]) ©JAFslgkA HiES 7HAst7] Sl =4
21 ok gl AA| HRbEo] Eiks] MaE 1 Qlrt. 15 diif w

O EFE] o MRS 3]5ate] AT|RE ARAT]E BhA
é] 2 A% (carbon dioxide capture and storage; CCS)7|&-2 o]k
sheka Azl glo] AAA QI ARl o R QIARto} 1w 31§tk
(IPCC[2005]; Herzog[2001]). Ul X = 4] o]Abslela 3231+
A% 71 ATl st #F 7R A Ao FA S8t
3 Qlom, o akslErA 9] Fljok A Z=A A Ty = o]E vl 4=
Q= Bl =l tisl &2 AeEele] F5os B =89S
7ol a Aok [2006]). 3] H FAIBIAR1T-(IMO)IA]
FAH A AFA S T oAk A= wE Al el
A3} 7Fs et AR o= QIHrol 1w a1 Qlek. SHAINE %k B
= ASAE 7sE0] oisRAE C‘L:]/\]?i‘i A= av=
ELX]‘%‘} e 9 AAEAl] F4 AR s A g lvkE A
ol $-H= Pt QItk(Seibel and alsh[2001]). wabA th7)FE o]
Zhshea A7ke Q15 ARl ] dRko R sk B A A A
= & A A 9 Hase Qe A 20 BAske
Zlo] nlghz] g Zlol(IPCC[2001]), o)AFsletAR 15t &2 3}
2] M7} sl =l vXl= dallE FeetA Ttelstal %
o7 Hrksk 4= Q1= 719 sde] & 2 &}th(Kita and Ohsumi

m1

[2004]).

olakslerA R <l A 3}(acidification)dl HZ sl Ti= o)Al
3leka A Ao G50 YJeh = g pH 7= &)
oFAJEo] A|ZH 7%, E3] o] &mdt Sof oFdErS & = 9lo

(Knutzen[1981]), ©|AF3}eA 2}A1 7} A& &
71—/\Q_ Agjq_z‘swﬂ ‘_E'}a g_l 7]_‘:01] H;H J
(Portner[2008]) F3bE s AEolA) Uli]% e AR
™, Ak AX)Eo)Q1 Nereis virensi= pH 6.5013}0l 1043+ =22
73-9- &5 = (burrowing activity)”]°5©] #]3l1¥ 1L glycogen©]
iy Fgol °]% 210 2 K 31% %] tk(Batten and bamber
[1996]). 34} o]mjsiF= pH 70l6kE] &S, AdE T2)a o
o] AF&ol FAasH= AT AN AP Ao w vheHnt ik
(Bamber[1990]).

AN E ke R 550 o|ilsleAT) A A
=ollAl PX= Qe etebr] flal AX FAHFEER] FERE
RN B0 (Perinereis aibuhitensis, ©13} 7&@)— o] gsto] ME
] olUx] g M3} (Cellular Energy Allocation; CEA)E &3t &5

948 oL

7387 Qs trgstaat silvk. CEAE A=2] M FrellA]
olih= ofe] 7k el FFE oldAe] St AnE = o
YA€) oF Alo]o] oA Eo] o] = A o] FolA| AL QUEAE B
7Fhe #telth. CEAE B4 57 REgo] dojih= ARkRT} ZHe
712ke] mZollA e 11 o] vEhs Ao ® RHalwe] §lo] &
ol FUEE o] WA AR Arhs Aol Slth(De
Coen and Janssen[1997]; [2003]). De Coen and Janssen[2003]-
St EWEQ) Daphnia magnas ©]-4-3 23S F3l] CEA7}
WA Gl yehhs Rtk 84 w2 ol wke-S yEl
Wi lom, 5AEH T thet Al Ad7-E (intrinsic rate of
population increase)®] W17} Ak S 9] ollA] WEgo] LEPtE
B3tk o] o, CEAE 48-9673t2] W2 Zh2 7I3ke] dglow
73 Ao} JRAIGES 219 EFe VIR mEel &%
Avte|t}t. CEA= 34 9] &7 MA8ElE 28 7Fssitt Al

THEAE tlo= thxA9at A21%]9] 7HAIZE CEAS Blarste]
QA9 Arutel 5 in situ biomarker® % -85 11 QITHELK et
al.[2011]). CEA #2412 SA7kx) =ifjelld] Wol AlwE 1 QA ¢
Ak, 5 Qs AE B AT 23R sl 93

ot 4= Qs H ARR 1 ol8 TRZE s A 0% AlmEt

QIS AEL] M 1Y ofjix] &
2 W3l %P%}s}ﬂ 13 l%?‘ﬂ 2% (P, aibuhitensisy& 2010 11
4 AR A E ZE ol &3St AYE HFe ofo]ut
2ol ol AR eRkslglon, AdAelx fetow ZF siAE
Arkste] A& & Al AlAskaL, 7788 ZiARES: AEste]
27 o) A3 Aol =XAZITE 4]5= 55%150%10 cm 712
A ola ™Gzl L9EA & HAES 3 em TR 2ot

Qo 71 9ol 0.1 pmE o FFE HA= el °F 2 em
=02 A9 23°C 212 F2alo A FX|FISITE Aol *l%?}
FAES 1 GFE AbelA AFH e FAER 300 um EFA

2 FIAA w2 ARReE UM BES A7ste] ARSIt =4
12 ik A Fo] ARAFAR gL AT TR (MST[1991])

o

Farskglct,
Bl T 85 olsleAe] FUF FF AlEY oA
sl mA= GRFe dok ] 218l 4712 CO, s =T, = 039
Z7=390 ppmv), 3.03 (=3,030 ppmv), 10.3 (=10,300 ppmv), ~L
2]3 30.1 (=30,100 ppmv) mM2] $HI71AE dHH o= Z7|oh
el F= 7ARE wiFEt o] 5 Al oy 2 WskE S



N

OBl FE Z7Pt Tk

3 5 8
ATt 2 ATl = tiET-E A Le o)ikslek A Ha sk
(30.1 mM High), 7 5 (10 3 mM Medium) 12|31 ©& F5%
(3.03 mM Low)Z 7} 3H]|2] FE2to]E F3lon o= M3l
(Sung et al[2010])2] A5 71 o7 113t Zolu}, z}F o)Ak
SFEEA FeE CO, T8 7871949 20 °C 10 MPa; (F)ell

ojFeloby= 2719k = olhBleAaE Efete] 2AlEg o, 7t
EEH TR ZAHE ZAsl0] okElEk e R g lo}oﬂu} oq
714 0.39 mM2] o]atslbA t)7]S AW o2 Yep s
©]™ (Gentzis[2000]), l‘frod e olE tiET= ]%o}oﬂc} 1
ARgteRe SV thiRte] E710]aL o Aksheka ﬂﬂ% 3%°]
7] el 5 %—f&ib A7 F 90% 01*0 LIRS
71 & olatslgtae] tidt B3N EPA[19901°]]
A AR FFEEYAE S Fasisitt i%*e?}; 20+1°C &

9] g2l el 7kt S ER FYEE 7R W (gas
chamber)ell A o]F1R 1, =& 472 E 1-L FE0|AE A3t
ek =E ATl AR EAES w0l ARR HAEY TYst
H, 1-L f28]A) 200 mLA o]t} AFAsl s A-HAIY
TARERARIT oM FEo} 0.1 pm FEE 2T 5 750 mL
A PNt mEAIE Hol| oilslgia 7S el F7A1
% pH ¥iglE 714 0% YUY 3siglov, F3F e =g
WA Z718kGivk. 1 A FY 710 ofilsleka 5ot Fof
G5 pH 7} 5-3l0] Srobx|= Zls gld = qJSint. ‘ﬂ?ﬂ o4t
slekAE F7)517] A AAdG2 pHi= 7.88+0.01% S =0
], g Z27(0.39 mM)Z =5 3718 FYs AT T pHeE
8.18+0.0.32.% =43t} Low, Medium 12|31 High 23]

Table 1. Water conditions of overlying water in various concentrations of
CO, for 7-d sediment toxicity tests

pH (+5.D) Salinity NH;-N
€0, Cone. (mM) before purging after purging (psu)y (mg/L)
0.39 (Control) 7.88+0.01 8.18+0.03 30.2 44.9
3.03 (Low) 7.88+0.01 7.53£0.02 30.9 40.5
10.3 (Medium) 7.88+0.01 7.04+0.02 31.1 37.6
30.1 (High) 7.89+0.00 6.62+0.03 31.2 37.1

SRR RO (Perinereis aibuhitensis)] AU oU=] &

] U]x]‘— oJ&k 1

—_—

A9 pHE 7.53£0.02, 7.04£0.0.2 “12] 31 6.62+0.0.3°.% 247+ 5
Ak A7 SAE AR YoM AAe] Hghks
Z}z} 30.9+£0.5 psu, 40.0+3.6 mg/L ©]1THTable 1).

ez 2 vlA 203 mEsilon] A3 v
INE A 155 7 oAV =E2EHES Sl olilsie
ke wEo] Ed uf 7hA] AEA o' ET]81%] a1, Hol
THoHA kT wE TR T AFTE TSt AToNE &
S Ad B AT JHAE ST 2l B U,
A= Az A2 A A H4EE AdsES 3t
Al FA =5 B vl /iAle QAR 55 Y
CEAE #4315itt.

Jl

o%é
¥Q i o
o B2 B #

=)

2.1 MIZ0|HXIZEH(CEA) BA

o] FHE AlLleh gt Véé zepdjo] - sket & Al
ouA g EAEIT FF Aol E3he SEgkake] ulet
7} oflix] ghgo] gEbd 4= Q7] wiitel] AxFE o $lsto]
BASSTE A% AU S8 81.5+1.8% (n=4yF+ °IUth E

(Energy availabley= A2 (lipid), B4 (Glucose), T2 (protein)y=
A58, Ei A AAPAE AlA] Electro transport system(ETS)
& 431 oflux] A5 Attt XA 2] #2492 Bligh
and Dyer| 1959]94 S ugith A5 dAe] 222X E
I HehE-S o] gato] X AE FE3IAL FAS o] 8ato] A
Z . WAL Bradford's reagents A3t Bradford[1976]9]
e wha, 72l o] 8sh S o] &5iqict. Tl e AL
Roe and Dailey[1966]¢] "S- wWial w83)ke A|EE trichloroacetic
acid(TCA)E. FZ3taL, Fls 7 FAkE o] &sto] WAA S4 st
St} E.2] F2492 electron transport activity(ETS)E S733= W
HOF Owens and King[1975]2] WS whsith. 12l FJFH 0
2 B9 Z472+9] 55+ Gnaiger[1983]1] W el ule) olUA]
= #R5IAa1, 2142 39,500 ml/mg, TMAL- 24,000 ml/mg,
FE-2 17,500 ml/mg 1] 1L ETSE= 484 kl/mol O,% AXFE AT}
CEAE AXFsl= W2 E (Energy available)ol] 3ld8l= A4,
A, ThilA o] ofjux] Atk E(ETS)2] Axte @ vidct Adnkd

Table 2. Summary of the analysis variance (ANOVA) for the test parameter of P. aibuhitensis at the end of 7-d exposure to various

concentration of CO,

Test parameter Condition Sum of Squares df Mean Square F value Probability

Between Groups 2.43E+05 3

E, 8.09E+04 0.134 0.9371
Total 5.08E+06 11
Between Groups 9.08E+05 3

E. 3.03E+05 15.1 0.0012
Total 1.07E+06 11
B 2.75E+02 3

CEA etween Groups 9.16E+01 8.89 0.0063
Total 3.57E+02 11
B 2.43E+05 3

AE, etween Groups 8.09E-+04 26.1 0.0002
Total 2.68E+05 11
Bet G 2.27E+05 3

E. etweet Broups 7.57E+04 15.1 0.0012
€ Total 2.67E+05 11

B 1.37E-01

ACEA etween Groups 370 3 4.60E-02 19.2 0.0005

Total 1.56E-01 11




12 A - oG] - AR - FEl - olfE] - o] FA - A
o% P AES CEA A2 =& 2719 CEAS ¥4 + &l 5 2007 A
7] WiZell CEAE Akt = gith. sEAIRE, i AFellxe 7] = §
e} ok el 7IRE wFo] WA F ol B K 40 ]
W 3lks 2415191 7] wlEoll CEA 5= ACEAS A &= Q)9itt, Py .
CEA®]| thdt AFH-S Verslycke ef al.[2004a]= 152 ™ ACEAS] %
7% Verslycke and Janssen[2002]; Verslycke e al.[2003]°14] 7 & 3800 1 kK
ek wpE S ms, 8 -
ﬁ 3600 -
22 A 24
A ThE o RaA BEE 2 ABTRE A3kl olg 2 . B
olo] tEAE BAHEA (ANOVAYS S-3313ich, tlzTiel Agl  § 1200 -
7ol zfolof] thet 524 7352 Dunnett t-testsE A5t 24 E'E 900 1 ' *%
H0m, Fol5Fe 0,057 BASGTH Table 2). 2 g H
82 600 -
By
3.2 4 €~ 300 - j I
w
3.0 MIZL OILIR] B s °
OISR AYBHE Aol 3 UL BN F 2 C
AEE Wshs A i) BE FRelA *F—%OI 100%% VFe} 20
ok, SEAIRE, 214 (Lipid), B2 (Glucose), TH22 (Protein), 12| 3.
AEO] HAxpaE AA Z(ETS)lA A 7] zpel 7t ek E: 15 1
o}, XA o] ders =43t AT} o) AlslEk A BTt 27 SRE X Z 10
Agedo] S7feke Aow Uekg), P SeRe mE A8 TelA 5
iz} AR SR {28k Aol (p<0.05)F K1 %‘ﬂix‘ B3 51 - . l
& oPiRkRe FEt 37k S gasieln. A4, 9, o o
A A0 FOR £2 AT A3 Lowel At thzTo) 2 03 303 103

017} gl 21, Medium¥} Higholl M= tlz=7-9F -2t 2jo|7) 1
ERsTHFig. 1A), (Table 3).

o 4#] ZH]& W3}= Low, Medium 221 High Z5olA t
Z7-9F RS v BAH o F23k 2o (p<0.05)5 KT
(Fig. 1B). oA &8 Lowell Al 71 39k0m ©]F, High,
Medium =2 Yolft} E, EE ©]$3 CEA AL A3 &
Foll A ook wgkor FAA R fosh lolg Rk
(Fig. 1C).

3.2 & XU|%4E e MIZEL HIHRIZZ(ACEA) B3]
ACEAE oA8lekA =% 5 A% 9] ouA] F2KE >ow v
Z A oA FF Ao] FHAE)C R wF F oluix Wik
o 2= gtk - QoA BE A A A% & BAg o

CO,;Concentration (mM)

Fig. 1. Comparison of (A) Energy available, (B) Energy consumption,
and (C) Cellular energy allocation of P. aibuhitensis at the end of 7-d
exposure to various concentration of CO,. The asterisk (¥, **, ***)
denotes results are significantly different from the control at p<0.05,
p<0.01, p<0.001, respectively.

ole THE 4 ] whio] o] B a1X k). meA
% A AN ZAR o7} 72 B e 2nE

Aoz F4EH, T 20M 2H]E= oluA] 2ol E Fdl Y
=

FollA thzTtel SAH R {93 2ol (p<0.05)F XAt High
oM Tzl 7 £ 2015 HlaL, 1 Tt 2 Low, Medium

Table 3. Available and consumed energy of P. aibuhitensis exposed to CO, for 7 days (data are shown as mean + standard deviation)

Energy contents, Unit: mJ/mg dry weight

CO, Conc. (mM)

Lipid reserve Glucose reserve Protein reserve E, E,
0.39 (Control) 1,653£35 1,298+62 1,137+43 4,087+90 2924113
3.03 (Low) 2,165+3™" 789+33" 1,061+34" 4,015+40 1,0424+2427
10.3 (Medium) 2,000+34™ 1,040+28"" 687+16™ 3,728+32" 741+432"
30.1 (High) 2,409+30™ 880+21""" 547+10™" 3,836+42" 846+89™

The asterisk (*, **, ***) denotes results are significantly different from the control at p<0.05, p<0.01, p<0.001, respectively.
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Table 4. Change quantity of available and consumed energy of P. aibuhitensis exposed to CO, for 7 days (data are shown as mean =+ standard

deviation)

Energy contents, Unit: mJ/mg dry weight

CO, Conc. (mM)

ALipid reserve AGlucose reserve AProtein reserve AE, E; ave
0.39 (Control) -870+35 434+62 311443 -125+90 1,056+56
3.03 (Low) 35843 754337 236+34° -198+40 1,431£121"
10.3 (Medium) -523434™ 176£28"" -138+16™ -485+32" 1,281+16"
30.1 (High) -114+30™" 16421 278+10" 376+42" 1,334+44"

The asterisk (*, **,

0 -
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Difference in energy available
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o
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d
< 0.3 A
o *%
< 0.4
C kK
0.5 -
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CO, Concentration (mM)

Fig. 2. Comparison of (A) Difference in energy available, (B) Aver-
age energy consumption, and (C) ACellular energy allocation of P.
aibuhitensis at the end of 7-d exposure to various concentration of
CO,. The asterisk (*, **, ***) denotes results are significantly dif-
ferent from the control at p<0.05, p<0.01, p<0.001, respectively.

Eolglek ot abol kel 4t AgoIglek ok kel
A% 2E ART7} ofETo) lasls o BAROR foldt 5
2] 240 (p<0.05)% BTk FAL LowelH 71 2 o151
o] 31, MediumellH] 7H 32 gk Bgith S e HighollA] 7h

(8 =S T

***) denotes results are significantly different from the control at p<0.05, p<0.01, p<0.001, respectively.

Z 2 2polE B 1 U202 F Medium Low =0 % Yolxith
(Table 4). X4, G2, Tzl ofx|efe] Fo7 AES =S 4
3} LowellA= thx7-¢) x1o]7F 1 21 MediumeollA] 71 & =}
o5 K3l HighollE Medium B th= %ow ol gz te) 69
3 2ko)7t A Th(Fig. 2A). E, = =% A, $ ko] B olE
stelom o] AkslekA wE 7ol W ouiX] AHlE Wiz o

SXCH(Table 4). T8 A2lgt A AT olx SAHSE {9
3 0 72 1 W2 oflLR] AR|E Bt} AT Low AdlTtollA
ZH|FRo] 7Fd A vER olilstekA: S5 ee) ol ] AH]Ro] Hl

dlsh= A3 UERFA] ekSithFig. 2B). APEE olUA] WsldS

o]€3l0] ACEAE AKE A3} Medium?} High A&+ A ACEA
7} thzTrell vlal felsiAl s A3t YERsthFig. 20).

I ATrollx = ol o] 3 Algre] A
A=e] oA Bk Jx1A o ® volA| a1 o] AkslekAel| o] %
2E 2R g5 715 Aolek= M-S AR o7 A =2 T
g T AXshe HA =l &t oy~ E?r%h~ SR RIS
CEA7} SolA &= A& M| oflyA] gheFo] wolA An, o =]
287} S7Fsks el 71918t wold % Fato] 53 oY

AE 71EAQL iAte]] o] g8far =2 olUAI7E A=A R ek
o] A=l Aol o] g =dl, AEH AT AW & FrAlel
YA 285 F7A A 02 CEA7L HolE e =W
(Soetaert et al.[2007]), ©FZFF(Olsen et al.[2007]; [2008]), o=l
(Smolders et al.[2004]; Olsen et al.[2007]), =5 (Moolman
et al.[2007]), TFE-F(Macrae[2009]; Stomperudhaugen et al.[2009]),
O} (Smolders et al.[2003]), T=5(Bagheri et al.[2010]), 34+
A o] F-(Verslycke and Janssen[2002]; Verslycke et al[2003]; [2004a];
[2004b]) &2 A-Aatelr] vrehtar 3l

TFEY o AbslEkAe] FFS 7UT =ES Ay sl o
o] gl o, st S7F B Al oflu#] o] $43]
ashe AEE B 7 T Ay ouR] g |ste] vz
T 9312 g D‘r‘ﬂ”é‘ e aglon, AlsLe] oA 4]
=3 TC

_Hmé

H| R} ch 2l o] iﬂm ﬂﬂl Lot aol %%Ei &%ﬂ ‘iiﬁ}.
Vandenbrouck[2009] 1 7-oll4 = YA Ni)o]-2of st EHE 2]
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CEA #4141} Tl o] AnjRct 28] 2n7F A 57st 4
A= Hasiglet. o= & A7 ue} At Aol ARk &2
FUFHA, & Fofl we} JRAEd 2o tf-23h= Wk W 7o)
g27] ol ofuA] gk 24 sk Gt Ao R detE
o A% 3l Al 1 g3 oF 100 mgd] EAES AFASH A
o7 Warg uf QLo (MST[1991]) &7 13 F 2|4 ge] &
= HA = 239 f71EE AR g uAE AT 5
o EAE Ul G718 5] A HAE Ao Udd 4
ARG o2l AU F71 43S S7FITH(Longbottom[1970])E
TANE & w2 AelA et A3 2 Ade Bols
T AUtk 2 Aol AR TS HAES AHE
7] el EAE A 2o 2 st HF Al MRS S7F &
T A e ARTEE Aot vy A& F o Akt o]
sk w5 HF AU A-ATES Low -E] tizT div] £
st 2] S7PF JERESH Mediumoll A= Lowst AR 42
01313, Higholl A= thA] F7Feiitt. o Atsleriz Q1% 3l
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