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A F £ ol ilsleta w5 SV FEUEA AR H O (Perinereis aibuhitensis)®] A2EU] oA EF(CEA,
cellular energy allocation)oll P x| J &S Lol 174} 0.39(CHZ=390 ppmv), 3.03 (=3,030 ppmv), 10.3 (=10,300
ppmv), ZLE]31 30.1 (=30,100 ppmv) mM2] oJxtslets 55 ZHe a5l F5-S 793 E3to] Ml oy A9} Al
X HAAPALAA(ETS, electro transport system) 2Hd-5 #2185, A8 A= X4 o2, 12]3 Whild $a) ETS
EHE oA £B&S AXISI] CEAE AHEs A olibslets g7t 718kl whek CEAZF Z4skelth. A4 2
739 okl FU) 51 EE PSR S o, G o)abEld A w7t 3.03 mMRl Al 7}
291 103 mMQl A FeA] Ay STl o 7 2wl e oAl ashs AES Bith e o]
2bslebas F57F 3.03 mMQl A3 TFollM = G0 JI9AITE 10.3 mM o)42] FEolFE 23k 2] CEA 74
7} R, ol g2 B8 o) Ake R F 31 FEel AR f2lgt ST dido] YEREAINE, CEAE tZ2T9) v W]
3.03 mME] AT FHAEII. olilslek s BlrF pHE Wo] ARl AEHAE ST AL, Al o
YA gdmastel Jaks nxl 20w FekEt), ik AR PGolE o] 8-t CEA 7= ti7] 5 olitslerao] 7t
= olabsleka AZS Hal] F21E 3 QU Al XFAGAK 2 elA FEE olatsleka] s EA AaldS
Sel= A8 E o] 8d F IS

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-
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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.
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OJAka}EEA (CO,)= A 723} (global warming)] FHOZ <l
2= WA (IPCC[2001]) o]AFsFeRA: viE 3RS FHAahr] 218l =4
2l ok 9l AlA| Wek=e] 2hts] 3w 1 ok, 15 tivtE i
U ORFE o steAs slgrsiel VIR A= B X
%] "%l A% (carbon dioxide capture and storage; CCS)7]&-2 ©]A4t
sheba Akl Qlof AAA QI Al e R IFRto} 31w a1 Qlrk
(IPCC[2005]; Herzog[2001]). Suiell M HA] o|ibsleba 37
A% 7% Aol gk Pl =7FAR1 A Aol A Frtet
aLglom, OV@}EP*Q aF A4 2
U= FF FE=ol il a8 ARt FHelE B s
71013 ok 4 [2006]). 53] A FABAIT-IMO)ONA]
N9 A AFALEE %‘cﬂ ol kskekA Al wHE Al el
of 711 Qlek. SHAINE sk B
25 YA l&i AAsR= adk=
e 9 ABEjAll F 2R G A 5 vk A

Qlt}(Seibel and Walsh[ 2001]). w2 th7]F o]
g AR e] dgkow sfiek i AFAH A
735 AEA FEe HAsE Sl Al 25 BAehs
vk & 210w (IPCC[2001]), o|AbsheA= Q1% &2 3}
HAs7F s EolAl A= dlshE st shelstal A%
= 71" 7)ako] E 2 5rk(Kita and Ohsumi
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o]AglEkAZ Q18 AHd 3} (acidification)¥ ~’F
shekas Alsf Ad oA fEE o] vEhk= Asl pH
F=L] Mz 7], 53] o] wdt ol oS =
(Knutzen[1981]), ©]AF8}ea 271 AE S5 o
71_/,\_3]. /\gﬂﬁlﬁ E/ﬂ uj 7]: x= 9l
(Portner[2008 ). AP3skE S 57E el Al nX= FEs AR
A, 34k ZAR|# 0|91 Nereis virenss= pH 6.50]8k] 1047F ==2
739 &S =2 (burrowing activity)”]-5©] #3l1¥ 1L glycogen©]
Aass JFo] = Ao E H 1 E S th(Batten and bamber
[1996]). 3t ol /<= pH 70l3M7E] AEE, 44E 181 o
o] AF&ol FAdrh= A7 AT AP Ao w v xnk ok
(Bamber[1990]).

Ao E sfdo® e ke 0]*@}5}&\]} A Ay
=l vA= S detebr] 3] AX FHFEER] FEYE
RZRA B 0] (Perinereis aibuhitensis, ©13F %) O]%O]-Oil A3E
Ul o= g Wisk(Cellular Energy Allocation; CEAYE &3 &

IJLH

o 4 JFE 12 5 9l

323 9 A ), Carbon dioxide(©]2Fs}EHAY),
sy

387 S rgstaat silek. CEAT =8 M2 ellA
2] 71 Aol F7E o] F 2| EE

U] &k Alo]e] ¢4 o] o= A& o]FoA L YEAE H
7¥eh= #lolvh. CEA: 573 =4 Whgo] Ydoful= ARt -
rEOAE I Gl UEh s Zlo® HaEo] §lo] =

goll FlE= o] s A3 EG Ark= A5 o] Qith(De
Coen and Janssen[1997]; [2003]). De Coen and Janssen[2003]<>
GAt B 5] Daphnia magnas ©14-3 A 8-S F31] CEA7]-
T/ Qo] Yehh= R A B FFellA WS UE
W lor, 5457 Fiol tist ZiAl* A37-E (intrinsic rate of
population increase)®] RE&-2} FALSE F=H 9] o4 WEgo] Vehd-&
Rt} o] W, CEAE 48-96A1712] w4 Z-2 7|7e] A3o=s
228 Anjoln] AATAAAEL 21¢] E2k] A7)7F o] o6k
Aot} CEAE AgA 9] A% AABE% 28 7Fs3itt. A
SHEAE thdoz x4 3 4 21%]9] 7HAI7F CEAE H]awste]
249 AL uket 5 in situ biomarker®Z % -85 11 QI THErk et
al.[2011]). CEA #2418 AA7EA] Sujellx] to] A== §lA] ok
Ak, . A BB s A S AAE0) AsIEHE QRS

gfekel 4= 9l X X TE 7 o] 7R =& o % AlgEnh

HE al I:(g-tH
3 5 oikelekA: FE FUEE QIgh AES] Az ) oA &
FHsLE sl Q8 o83t A% (P aibuhitensisy>- 20103 11
4 AN A AL o] 3Gt e FF2 ofolan)
o] gol AR fleigl o, AddelA Stew 7} AAE
AAelo] A Z 4L A AR

L, A7t iR ﬁﬂéoM
2~ 5

=2 3 cm T”ﬂi Zro}
FRom, 71 #lell 0.1 pmZE o 7}¥ EHTE EAE 9ol °F 2 em
Oli ZH 9] 23°C £319] F2AdolM =AsIAt. Aol ARE-S
A A IF5 AdelM AFHAT B A ER 300 pm EEA]
= %&*174 Fo YAk WA AwS AlAsk] ARSIt 4
xS @t A Po] ApAzAF E AT 7R (MST[1991])
Zharsteict,
a5 & oAkl ST HF e AlE oy dd
Hslof] mX|= JE dohar] 218l 4718] o, 57, = 039 (oh
Z7=390 ppmv), 3.03 (=3,030 ppmv), 10.3 (=10,300 ppmv), L
2]a1 30.1 (:30 100 ppmv) mM2] SHI7IAIE dE5H o2 L7
slroll oS 793 wiFS o] F Al olU ] dd WskE =

F

mlo
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Aotk 2 Al tE2TE A0S ol ibEleks Ha v
(30.1 mM High), 37t 55%(10.3 mM Medium) 72|31 W2 5%
(3.03 mM Low)Z Z} 38]9] FExjo]E F9lom o= A

(Sung et al[2010])8] A& F7HA o= 313k Zlolt}. 7} o)Ak
ek SETE CO, £ 7FAE719E: 20 °C 10 MPa; (F7)°ll
olzglohy= &719k &= OI*@}E‘%i ?ﬁkﬂ = l;} jor, 7t
S 7k 2AuE Ssto] ok
714 0.39 mM2] olatglekat= EH7]%
] (Gentzis[2000]), ¥ A7-ellAf = ©]
Ashes H7IAIE el F710]aL otk Hof 3%0]
7] el 5 854k AAVIRE T 90% ol g2 ekl
S7He & olakstekie] oighk =E A2 U.S. EPA[1990]f]
A AR FBESAAEN S Faslh =EAEE 2051 °C 2=
9] F2u|7] <ol 7k A ER FUE= 7H FH (gas
chamber)ellA] o] F| L, \eF 712 1-L FEH71E AHS-St
ek, mE3A gl AR FAES Al AR B A=) wdst
™, 1-L F2H] 71l 200 mL2 golF=3ltt, AHd sl O_ AAE
TSR0 FF ot 0.1 pm BEFE IR 5 750 mL
A Qo3 E3AIE Aol oliksheka 7EAE sl F7141
¥ pH W3S S8 02 RUEE siglon, B =g
w7hA] FH718kA ek, 1 A F]) 7R e ofaksheka: F vt ot
A5 pH 7} F-310] slopx|= Zla gQle &= QiSih. WA o]k
shekaE F718h7] A Adell=o] pHE 7.88£0.01%2 S S
], o Z74(0.39 mM)E = &7k TR Ao pH
8.18+0.0.32.% 7= 31t} Low, Medium “712]3L High A&}

ﬂBSLE olgaiich o)

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

CO, Conc. (mM) pH ¢S.D) - Salinity  NH,-N
before purging after purging  (psu)  (mg/L)
0.39 (Control) 7.884+0.01 8.18+0.03 30.2 44.9
3.03 (Low) 7.884+0.01 7.53+0.02 30.9 40.5
10.3 (Medium) 7.884+0.01 7.04+0.02 31.1 37.6
30.1 (High) 78940.00  6.62:0.03 312  37.1

| (Perinereis aibuhitensis)®] AU oU=] el w|x= FgF 11

8] pHE 7.53+0.02, 7.04+0.0.2 18] 31 6.62+0.0.30.% 217+ =
A e A7 13 S4E AR dEYoMd Ao k>
712} 30.9+0.5 psu, 40.0+3.6 mg/L ©]$1TH Table 1).

AEeES ZF vlAd 27844 i% ol om Agd W=

o

;

FNZ st 1 % & o717 =2 S S8t olatksiea
A E wEo] B W] 7HA] AHH SR FT|E0 A, Hol=
FTFOHA Fh =F TR T HFTS FASN] s NS B

& Ay e AgTe) JiATE *@Zf‘f} Z\% & T3l AE
Az 753 ARl &
A HAes B s A=

CEAE #4313t

2.1 NIZHHX S (CEA) &4

BT THE AL T eAdE Zeflo] wAsleh £ Al
=] s AT EE Al > @% “’F Shege] wjet
7} e =] ghego] gebd = Q1] wiitel A 0% gHlato]
HASIIATH HF Al &2 81.5+1.8% (n—4)—)F—v— o|gltt. E,
(Energy available)= A4 (lipid), @& (Glucose), T4 (proteinyS
B8R, Eas MIE AP AA] Electro transport system(ETS)
& F33t] oA FAE At A ] #2492 Bligh
and Dyer[1959],] WS wEith AES ddgsle] ER2EE
I wRhE-S o] gslo] AHE FENAL RS o] ato] WAA|
Zth. @A S Bradford's reagentEs A3t Bradford[1976]9] %
He wgka, T o] 85 S o] &5itt. T e AL
Roe and Dailey[1966]¢] ®*H-S- Wil w43lel A|SE trichloroacetic
acid(TCA)= FF3taL, Azt ks ol gste] AAA S4s}
ST}, E.2] 3242 electron transport activity(ETS)E 733l W
HOF Owens and King[1975]2] W& wsith, 12]3 FFA o

A9 242+9] 5= Gnaiger[1983]2) W oll whe} oflux] &
Y& gakalglar, A1AL 39,500 mi/mg, THEE-LS 24,000 ml/mg,
2L 17,500 ml/mg 123 ETSE 484 kl/mol 0,2 A= T}

CEAE A= W2 E (Energy available)ol| 3dsh= X4,
e o] AR} E(ETS)9] ARto vhdnt, ]

%l—zl

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
43E+
E, Between Groups 2.43E+05 3 8 09E-+04 0.134 0.9371
Total 5.08E+06 11
J08E+
E. Between Groups 9.08E+05 3 3.03E405 15.1 0.0012
Total 1.07E+06 11
Between Groups 2.75E+02 3
CEA 9.16E+01 8.89 0.0063
Total 3.57E+02 11
Between Groups 2.43E+05 3
AE, 8.09E+04 26.1 0.0002
Total 2.68E+05 11
Between Groups 2.27E+05 3
E., 7.57E+04 15.1 0.0012
€ Total 2.67E+05 11
Between Groups 1.37E-01 3
ACEA 4.60E-02 19.2 0.0005
Total 1.56E-01 11
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o7 A HE CEA B4 =% %7]9 CEAS #4488 = ¢ 5 4200 ~ A
7) WS CEAZ ARIE 5 Qich. PR, & AT 27 e £
229} o tatekae] W71k wmFo] WH F9] oA Bt & 000
W BlRS H4151917] whiol]l CEA S ACEAS Alte: = glgitt. ° x
CEA®] that AP0 Verslycke ef al[2004a}S: TEEO ™ ACEA] %
749 Verslycke and Janssen[2002]; Verslycke et al.[2003]°114] Al E 3800 1 bkl
Alshe S wEith 2
'-E 3600 -
2.2 E7 BAM
N T olabaleka SR Zhs A%TR AT fold 2 19097 B
olofl tialir EAHEA (ANOVAYS 573313 E} 8 B A L s § 1200
7r9) Apolof] th3t -2 5L Dunnett t-testsE AA|3F] A4 E‘E 900 - *%
stgom, fe4FES 0,052 APEHACH Table 2). 2 g x
8¢ 600 -
Buf
3.4 J_ll- E’V 300 - j I
w
3.1 MIZLU OflAR| B s} -
olatsleka R AMdstE Aol AFE 1Y wE3AIZ $ 25 - C
AEE WslE A Ay BE FRollM AEE] 100%E LIE} 20 |
Wk, AR, 214 (Lipid), B2 (Glucose), T2 (Protein), ~12] 31
AEE] ARG AA B ETS)IA AFT 2ke] 2ol 7k vhest G 15
ok Ao ke A Ak olisiRk: S} S B55 A 3 .0l
Agleo] Zrkske Ao et 9 FeRe E el S
thz7-2F AR O {28t Apo] (p<0.05)F K, A S 5
& ohsiRtas] Bt 27 8% 7hasigin. 4 ek, e o - - l
A quA|ee] Fgo 7 g5 2Edt A3 Lowell A= EH_,_:rLQI— 2} 0.39 3.03 10.3

o7} A9l o 1, Medium} HighollAi= tlz9l f-23t le]7} vt
EFSCHFig. 1A), (Table 3).

oUX] 4H]& W3h= Low, Medium 78] 1 High B5FolA tf
Z8) Blwsiols w SAA 0 FoF 2ol (p<0.05)F KT
(Fig. 1B). ollUA] 2H] &2 Lowell A 7H 9o o]%, High,
Medium =02 Yobgltt E,, EE o8¢ CEA ARt A3 B
SLoollA tiETr R wgkor FAA o ® folgh AlolE Balnt
(Fig. 1C).

3.2 & U2 02{s M= HHXIZSHACEA) B35}
ACEAE oalsleba 1% 3 3% AU OﬂLW SHHE,)IA =
Z A oyvA] g o] FHAE)CE =F T oA M-S

]
& Sk 2 ATelME B AT A AT T ede

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.

el ol 58 3121 ek e
AR o7k 79 e el 2w
Aol 2815 o) ol

l‘N J'l)l' N

3l
2 25 AQt BRE Ay
FAACE %94?% 2} (p<0.05)5 At} High
2 AJo)1E B, 71 TR0 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+90 292+113
3.03 (Low) 2,165+3" 789433 1,061434° 4,015+40 1,0424242"
10.3 (Medium) 2,000+34"" 1,040+28™" 687+16™" 3,728+32"™ 741+32"
30.1 (High) 2,4094+30" 880421 547410 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. g
0.39 (Control) -870+£35 434+62 311443 -125+90 1,056+56
3.03 (Low) -358+3"" S75+33™ 236+34" -198+40 1,431£1217
10.3 (Medium) -523+34™ 17628 -138+16™ -485+32™ 1,281+16"
30.1 (High) -114£30™ 16£217 27810 376£42" 1,334+44™

The asterisk (¥, **,

0 -
-200 -
-300 -
-400 -
*k%
*k%k

-500 -

A

Difference in energy available
(AE,mJ/mg)

-600 -
5 1600 1 *kk
g B
5T ] *k
2 E 140 .
o
SE
>3 1200 -
5%
S s
© -
oui 1000
o)
5
> 800 -
<
o -
_ 0.1 1 .
)
o 0.2
g
< 0.3 1
o *%
< 0.4
C Kk
0.5 -
0.39 3.03 10.3 30.1

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.

ol o) ko Al AR AEo) it T T o)
M= BE AT gzl vasiols W AR

Y] 2ol (p<0.05)F HSITth AL LowollA 7
o]a1, MediumellA 78 =& 7k BQlv}. whlale Highel A 7}

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

& Aol B 71 U2 F Medium Low 0% Wolxltt
(Table 4). A4, B2, T ofx|ofe] o7 AES AR A
7} LowellX+= ﬂhfrlﬁ} 210171 Ao Mediumell A 7 & 2b
°]= K33l HighollX= Medium B.th= WA tiz79} #-2]
3 ko] 7} QA Th(Fig. 2A). E, a0 =% A, § 3ke] B olE
siolom ol iksleka wF Aol e oA 4nlE wigt o
ERtTH(Table 4). Tl A2lst A AP olA SAHSE 79
o o W oUX] ABlE B3Ik SR Low A gl

o] 7HE =] veht o ikskekas E gt ofuA] An]Rko] 1]
glohs A3 e FA] ESkth(Fig. 2B). APgE U] WS

o]g310] ACEAS ANlet A3t Medium¥} High A¢oll4 ACEA
7F ozl wisl f-olskAl W A7t e THFig. 20).

4.1 &
2 AFofM= Bo| ZFo] 9l ATz A7to] A=
AEO] oUIX] BBERS HRA 07 Yol 1 o] Absbek Aol o3t

AEg 2o o8 7H5E Aolehs 7S AR o71A E 3
d 5 Ak W‘%ﬂ OJgh oA B e EA] gkt
CEA7} SrobA= 218 Al ol |qA] ghafo] whopx| 7}, o |~
ZR7E S7kehe @il 7191gt), HolgksS Sate] F53 oy

A5 71REAR] thatel] o] &38tar W UAIZF AFEH R vighy
o] A2 Aol ol gyt AEwA7F AU 2 FAell el
UA &S S7A AR 0% CEATF Sole dd2 aH5
(Soetaert et al.[2007]), ©FZ5+(Olsen et al.[2007]; [2008]), ©]=H=}
Fr(Smolders et al.[2004]; Olsen et al.[2007]),
et al.[2007]), TF5.F+(Macrae[2009]; Stomperudhaugen et al.[2009]),
o} (Smolders et al.[2003]), 257 (Bagheri et al.[2010]), 3IAF <+
A o] F-(Verslycke and Janssen[2002]; Verslycke et al[2003]; [2004a];
[2004b]) 9] AF-ATelA HERFIL QlT.

AEES O]N@]’E}i‘bﬂ BoE 793 =E23 A3 Aol 4
o] Oi%iour 7} 57 Pé‘?% Az ollufA] o] w23
Al o] ghd wste] miA)=
211574 ﬁt]-aok gl o /q]_\]*/] oflUA] &H]
A AR YR 5 Al
= Olﬁi}% %+7P 7kt whet A1 e 4
v Tt i o] An)7E A7 gold Blo] Ao w A-g-E it
Vandenbrouck[2009] AT-o| A& YA N0l thgt 152

&% 5 (Moolman
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o] nlaet XA a7k A7 Sk A
Hﬁ}s&ﬁ} oz & Ao} Ak = Aol At ]

=

A, = Fol| whe} QR AEY Ao tgeh= Mkl 7] Ao)

‘er’ | wEo] oA Feat 24 e depE Ao wekd

EP Z& el AF 1 g2 oF 100 mge] BAES k= 2
Kg v 9 om(MST[1991]) =717 5 A& 3] 64

= HA R 23 §715A HHE Qe oA & et

E]— B AHE 1] $7)22 3] =AU 5AEE Aaje] YA

ZAxgole] A 71432 F713th(Longbottom[1970]
TAINE E o 2 Al yehd At 22 AE 1Y
T Stk 2 AelM= 4 AR s HAES AHSI
7] vl EAE At Aol = 18k FF A oluA g ST =
T A G ATEE A7t vk As Zlo® et o]
Aretebas s g A A LowtE iz o] &
o3k 2] 7P UERt ™ Mediumoll 4= Lows} A
0L, HighollM= Al S71skSit, o abshetiz <13t a4
o] a}atA
i

L ] BN

12 (R Ho 30

HAs7F F0] A wiste] A= AT =

91502 g7 W] vl 25 shick
S, W, A e BEAS TSR thEAR) Ag o],

ETS &4 A2 nEZEgotolA AtaE Alsh=(H=d <
) AlaEelth F, FE olluA] 5 ofe] 7K tREE Eate] &
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