"The Sea; Journal of the Korean Society of Oceanography
Vol. 15, No. 1, pp. 8 — 15, February 2010

oAl FE Tl Wl iegn] g Ee] Adpisis) UE
H3lol| g o
AR - 24 - SR - AR - ot - o)A - A
Gl BHIAATL
AT SR A

Influence of Increased Carbon Dioxide Concentration on the Biolumines-
cence and Cell Density of Marine Bacteria Vibrio fischeri
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380(TIZT), 1,000, 3,000, 10,000 2213 30,000 ppm Tajel 24r17F Bt &3k, uf eAZieiTh wagu) A
o) gy AEUE Wi SAsth o sETe S AR WS 12241703 3,000 ppm
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An experiment was conducted to evaluate the biologically adverse effect of increased carbon dioxide in sea-
water on marine bacteria, Vibrio fischeri. We measured the bicluminescence and cell density at every 6 hours
for 24 hours of the whole incubation period after exposing test microbes to a range of CO, concentration such
as 380(Control), 1,000, 3,000, 10,000 and 30,000 ppm, respectively. Significant effect on relative luminescence
(RLU]) of V. fischeri was observed in treatments with CO, concentration higher than 3,000 ppm at /=12 h. How-
ever, the difference of RLU among treatments significantly decreased with the incubation time until ~24 h.
Similar trend was observed for the variation of cell density, which was measured as optical density using spec-
trophotometer. The results showed that a significant relationship between CO, concentration and biolumi-
nescence of test microbes was observed for the mean time. However, the inhibition of relative bioluminescence
and also cell density could be recovered at the concentration levels higher than 3,000 ppm. The dissolved CO,
can be absorbed directly by cell and it can decrease the intracellular pH. Our results implied that microbes might
be adversely affected at the initial growing phase by increased CO,. However, they could adapt by increasing
ion transport including bicarbonate and then could make their pH back to normal level. Results of this study
could be supported to understand the possible influence on marine bacteria by atmospheric increase of CO; in
near future and also by released CO, during the marine CO, sequestration activity.
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ification
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FEE BRI 23 wsle] meEt vElhE ol A
EG3ol tist d77t 23] FeEolof 3p, HAMEHEE AF
AV dF 2zi0] 3] d9E oeke Aes9eE Yog
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Al F 30/ AT AERE ST g Askrt #EEo,
opakaleks ek thst 248 24A 77 2] AE RS o] 83)9iTt.
HES 014314 fal el disl Z717 =&l uE W

L o
o
5

Do
0,

)l FEE HIE AHlE A Wt ol wvdEE 1
ZHERE g E R 270A Hllgkahz Zlo) o137) whEott. &

=
o
o]

WiAlE xR 41, e vl g8 29E 7t
B ¥ AL wHLS T2 Xl ¥
Fall 2919 I FHA Aol AeHA A= A

o
9,
32
{o
H

N
-

A% W HEE A THE HEES BF )

o). ol 913 & A% el Tsk wlxe) JEst FEE
250l 2407 WPAIBS AN, 1 FIHE olgste] HE
84)9) 423} 58 P,

=,
e
to
rot

UBe
[

2 o o ool 1% 2 o
o

B BE T fischeriz AFEEY B GFol #2E =
HAog MASP|E SR 57 WaEe] FARER AT
o} o)EE A7), Bo] fl, EAXERE L xp7] RIS E Al
S UEE ouRE FF3ch 53] Ho|dEoe] R&Esta %
o] HL AsiEA0l oj2ig WRAuYEY] BT} S Aoe
LHA QIth(Hsieh e of., 2004). WA ¥ fischerish &S %
TIREE AHSHoEE vl Fo8 HAE Ml v &
4 9lem, o] 1970 e e 87 A5 AESH SAYTE
vfelshs Hrpled AHQYER o &HT Sk @7 2
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E(DVF-201, Neoenbiz Co., Korea)ZHE FE3IA 1, ISO
protocolol] W} NaCl (20psuye] FE FokaixolA 84984171
F A¥o] o] &3rHIS0, 2007), WP ABE-E 20°C, 180 rpm
28 ODgo=1 (optical density at 600 nm wavelengthyo] 2 w7}
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v ZEEZ ueps sk ARAES] 717439 A E A
FEE elsy] il A8 Ao 180 ZEEF A FH3h=
BFEEA] 3,501 8B (DCP), ©}21(ZnS0..7H:0) D 67}
FEFKLr000] e 58 M-S HASISITh BESPEL
)3 A8 A= EC205 BEC80 Atololl 282k 3.4, 2.2 18T 187
mg/Lo] EFEHO o ANFAAEE QTS & Q) £ Aol
DCP 3.4 mg/L¥E= EC42, ZnSO.7H0 2.2 mg/li EC36 181
K:Cr,0; 18.7 mg/L= EC34E AFgEo], A AgE AFEAS
o] okgith(Fig. 1).

tekglt HETa e ol akstelkde) wFE S ELS 96-well
plate® $A EFE 43T, £ F4F T A (Multiskan
Spectrum, Thermo Scientific, USAYE ©|-43}9] 600 nmy}Fof|A]
F4 % (optical density)T SF3I50h 9% SHEHE Axd
= gt 78 X R E 0)28%tH(Benson, 1994; Cappuccino and
Sherman, 1992).
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Fig. 1. Reference toxicant(3,5-dichlorophenol, ZnSOs7H,0O, K:Cr0O7)
toxicity test for health condition of Vibrio fischeri. (Dotted lines: test
acceptable range recommended by ISO standard protocol).
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X 24X774R1 G AHRES o] g3le] & ollgleAd] g
FE BRI

CO, SE AlZI0 UHE slis=2] pH B3]

W E ¥ fischeri &) CO, 2ZE A7 W} 2} sEich

pHE S35t =3/ €O, T 371 wt 859 pH

7} FIREA R A2 H & £ Ygick W) F oluse
A EE9 HFL o]F7] A AER 27] #iR]2] pHE BF 8.0~8.1
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agu| g BFFL A 7 E 57 TS 0] H
2| Fapglovt 12x3E Hﬂ%k o]Felli= g &40 7hesiYle
o, 24A17F Bl A7) AlE SUehe §38 B3AtHFig. 2(a)
o} 4). wloF 12717F AlZ A 3,000 ppm oV FE ZAAME
folgt Az Vel SRR o] 18417 ZHA o)A
vt— 10,0005} 30,000 ppm, 2417tellE= 22 30,000 ppme] %
Z7A0lA et tizToll vl3l F3h EAErF VERTHFIg. 37 4).
%EHHMEH HEh= CO, =71 3,000 ppm?l 3ol 124]
7k vk Al oA tizTre) vlwate] ok AejPko] #F
Ho, 1847k ol Foll= HHES BF 100% &3 chFig.
3). CO, &=} 10,000 ppm?! AFTAAE 12A17H 18413 H)
& A Vi *ﬂ%%%ﬁﬂ 27} 70, 25%F21, 24X7F = F A
oE BT "E&T FEoE FESIIY B8 €O, %71 30,000
ppmo] 7_—1_?_ 12}\]7]. HHO]: }\]X-loﬂ}\—‘ 90% ]/\Lﬂ N—r,ﬁx%o Xﬂ{sﬂ%
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Fig. 2. Luminescence (a) and optical density (b) changing of Vibrie fischeri in the control for 48 hours.

Table 1. pH value of culture media in various % concentrations of CO, as lapse of time

PH (SD)

€0 conc (%) O-hr 6-hr 12-hr 18-hr 24-hr
Control (0.038) 8.1 0.01) 738 (0.00) 77 0.08) 77 0.01) 77 0.04)
0.1 8.1 (0.00) 7.9 (0.00) 7.6 (0.01) 7.6 (0.01) 7.6 (0.01)
0.3 8.0 (0.00) 73 (0.02) 7.4 (0.02) 7.4 (0.01) 75 (0.01)
8.0 (0.00) 7.0 (0.03) 7.1 (0.01) 72 (0.03) 7.2 (0.01)
3 8.0 (0.00) 6.6 0.01) 6.7 (0.01) 6.7 (0.07) 6.8 (0.01)
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Fig. 3. Comparison of relative luminescence (RLU) among treat-
ments with various dissolved CO, concentration along with different
incubation time up to 24 hours. Asterisk(*) indicates significantly
different with RLU (ANOVA, Tukey-test, #n=3, a=0.05).

Fig. 4. Comparison of absolute luminescence with a range of dis-
solved CO, concentration along incubation time up to 24 hours.
Asterisk(*) indicates significantly different with luminescence (ANOVA,
Tukey-test, #=3, a=0.05).

Optical density

Fig. 5. Comparison of optical density among treatments with vari-
ous dissolved CO; concentration along with different incubation
time up to 24 hours. Asterisk(¥*) indicates significantly different with
optical density (ANOVA, Tukey-test, #=3, a=0.05).

10,000 ppm F52 AETE= AT ok 90% 9o EHEZ
Bol Zkz) ti@s} 23 Apojrt gl Ao & vekdthFig. 5).
BEXINE 1,0009} 3,000 ppm BE FA0A FFro) W= tz
T-9F 9] 3t 2jo]E Holx] Agb

AlZIof| HE pHR} Mridzizto| A

£E o ISIREAR A4S | HiX 9] pHYF WFHE 12, 18, 24
AR 242} v wesithk(Fig. 6). k2] pHVE 7.4 Boh v A
Gl EY S pHoA Bk AIZPE R 50% o) X)) L=
AEEE Bl 12M3 vk § FLS pH el A

140
—8—12hr
1920 + —— 18 hr
~ 24 hy
o 100 F
Q
[=4
S ek
@
£ L
€ 60
E]
-
40 r
20 r
0 : L s L : )
6.4 6.6 8.8 7.0 7.2 7.4 76 7.8

pH

Fig. 6. Relationship between seawater pH and relative luminescence
(RLU) of Fibrio fischeri after 12, 18 and 24 hrs of incubation time
under various dissolved CO; concentration.
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Fig. 7. Relationship between optical density and absolute lumines-
cence of Vibrio fischeri after 12, 18 and 24 hrs of incubation time
under various dissolved CO, concentration.

igge] 7P w3k, 2407 ik Fofl FUe pH FFelA
FHEFHE] 7FE 2ol pHYt SEFFS] DAL Wl Aol
Zapetel weh A Hgkehs A 0R VR

AlZIof] ({2 E2H= (Optical Density)2} ZLHEFZZIO| 21
g CO, Ao e AES 242} 12, 18, 2441%F Hllok
b Al oA g B SRl WgEke) BAlE n) TR
P AAEAE BYTh(Fig. 7). 019t Zo] Fet BANE AT Y
o] FUt g o] E 9% Shelg AAske At

2 4% 5 gl

rok

o

o

AlZioll 2 co2} pHY EM X|E

B ATolals 8& olakglekadl pHO R dRs S (EC50),
B FEE(NOEC) 18] 3L HAYFEE(LOEC)YE 212} Wl 12,
18, 24417k A3} AldolA] AHESI9ITH(Table 2). 71 23} o|4ksler
Aol Thgt i s rE Wik 124171 0.5%E T wgkon),
1847Fe] 2.5%2 F7F6II AL, 24X 700 50% o) B3 Hke
AFT7E 3ith NOECH LOEC 9A] Alzkel] Wby Z7ksh=
EX& B3k &8, pHY] 9 ATkl kgl EC50, NOEC, LOEC
#ol BF fhdhs 59 ¢S 290
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Table 2. Various toxicological parameters of dissolved CO; and pH for the luminescence of ¥, fischeri after 12, 18 and 24 hrs of incubation

time under various dissolved CO; concentration

CO, Concentration (%} pH
ECs NOEC LOEC ECso NOEC LOEC
12 hr 0.5 0.1 0.3 12 hr 7.2 7.6 74
18 hr 2.5 03 1.0 18 hr 6.8 7.4 7.2
24 hr (4.6)" 1.0 3.0 24 hr (6.1)" 72 6.8
'EC50 was estimated by extrapolation.
o i 7 rF S rh(Hsich et al, 2004). £ Aol A7l W EHF
o] F7hs AE 5 F7HE WA Fig. 7), WiF 12403F A1
dME = AU Ay A=A ARE BEE A

dlre) 5 olsivkael o) A4EeHE 93l o
%_ Oo & [e)

o] A oA SgA7E AiFH o E ;JL% Fol|A o]
Folvks 71 sloll AallEE 72 HYC=E 3§
B TS AE FAE FAEREA ddely 5] M43
= AEE WIoE S AEe sk AR =1 3k

7Vt AT W ZEUL A §4% AlEls dEA 88
AT, o] Aol 1152 SIYAES IFES CO; ¥l
AefiA] ox|ZkE<t viokdte AES B3 plV}t 5.4-6.6 TELE
Hold wix]oA 50%2] AAE TAE Hols FoF Yt
(Takeuchi et al., 1997). ©] AFNA ¥ fischeri®] AXEF F71o]
3t WS RHECS0) 52 pH 5459t 08 pH 58 =
e 71E ATl BLE 1V fischeriz 30%7F 1EES CO0l
&3 Ay g oidk pHY wed el 529 AiE
v wald fARE 201 ThET B, 2006). SEAIR E ATl 12
AlZE gego]] tigh pHe) W ErEel 7.28) v w3l A4S
£ 2Jo)2 Bt} o] Takeuchi er al(1997)2] GFoME A=
2] Agdel th3t B weoldt vhd B dFoxs wegEk] o
gt g3ks Helslsr] o)t gt B A EETo A
Uof gt AR o] &HT s FFTE ofH F-59
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