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Effects of light and temperature on the nitrate uptake and germling

growth of Enteromorpha compressa (Chlorophyta) in Korea

Dong Hoon lLee

Departmwent of Marine Biology. Graduate School,

Pukyong National University

Abstract

Effects of light and temperature on the nitrate uptake and germling growth of

Enteromorpha compressa (L.} Greville (Chlorophyta) were studied based on samples collected from
Cheongsapo near Busan, Korea. Their effects on fatty acids composition in thallus were also
examined.

Nitrate uptake showed saturation Kineties. V,. (maximal uptake rate) and its K.
(half-saturation constant) at 20C. 80 umol m”s”, white light were 1.571 wmol -g fr wt™ -h™ and
3.56 pM, respectively. In nitrate uptake with irradiance, wavelength and temperature, its rate
represented respectively the highest value as 1.40510.020, 0,62310.040, 1.42210,022 pmol g fr wt" -
h* at 100 zmol ms™, red light, 20T and exhibited significant difference among the examined
conditions (p < 0.001).

Germling growth of E. compressa also showed saturation Kinetics, and Va., (maximal uptake
rate} and its K. value at 20T, 100 gwol m’s”’, 12:12h were 56.18 xday’ and 0.33 uM,
r%mawdySmdﬁcmwmrMemmmmmumﬂvﬂmam49B~M8Q31m~mﬂl41m~
54.53 zday” at 120 pmol m’s, blue light and 18C. and showed significant difference among the
examined conditions (p < 0,001). Red light made the effective pitrate uptake, but germling growth
was largely limited by the light.

In fatty acids analysis, PUFAs (Polyunsaturated fatty acids) was highly observed at blue

light, 18°C, 100 xM NOy. However, irradiance did not affect to the production of PUFAs,



In conclusion, nitrate uptake and germling growth of £ compressa showed saturation
Kinetics to external nitrate concentration, and were importantly affected by irradiance, wavelength
and temperature. Fatty acid composition was also influenced by the limiting factors except for
irradiance. Their maximal values, together with the highest production of PUFAs., were found at blue

light band, 20°C, 100 xmol m’s” and 100 #M NO; among the examined conditions.
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Aol el M HA4xFe Ea4 olAzFd g4 23 gz
Ao FAE AN Fast A8S dFetn 9levl (Bjomsiter and Wheeler,
1990), 53] Zeloll slY FHFFE L oAFA el doiHE o) FFE
o248 1 g FEAdel A= Aok (Davies et al 1997). 12 &
sAde] B2 RME FHFHE AP e dxFeo Ao A 2 o
o 84, 243 Fd fdeded 95t ol B2 MAZe AASA Ui
Sk EFe A%e tdd g8 2719 2% R % (Lobban
and Harrison, 1994)% %9 %% (Floreto et al, 1993)5] & 942

%

r
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St
o

(e
53
r ‘10
of}

OO}

jatts

T 53 HAa (N 29 oA slzFo A
S A b 8% A9d F9 sz 9491 Urd (Ryther and
Dunstan, 1971). 4% #5olA o8 e (Amino acids, L - leucin, nitrite,
nitrate, ammonium)= dhzFoll o] & E = olFME HAG e dgte] wlwH
S-AstA &5 (Wheeler and North, 1980), si=% =24 Ax A=
7-16% ALEE 2R slal Jot (McGlathery ef al, 1996). 4R E <4

z
Qo XW 50 uM oldel EE FRlAE £ SERol 548 nAG A%

o

Aafatzle sk (Fujita et al, 1989). =3 IEFS 257 44 249 4
B WE AEE BF F3el Fad dvhE Fdie v 249 o|g) ¥
Al glo] Aol Aol ®v] wiEoll Fdd s)ZAlel Aol B FaF
SHHCE o] ZHrt (McGlathery et al., 199).

oleld ol fF = MEFY AUE FFo AW dAlgAe o0& Rgg
o] Wate] tigte] e AFSo] FyRHHMLD (Chapman et al, 1978;
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Morgan and Simpson, 1981; Lobban et al., 1985). 53|, H-oatst = o
st 7134 (opportunistic) S|ZF 2 doin z2HFeo AAAF (Ue 2
el 5+ (Enteromorpha)e °1'e 79 F& tidol o9t} (Lapointe and
Tenore, 1981).

olg{g Aot #Hdtel ARUF (Uha)s 209 F9od g

F_

ABE AL (biofilter) 24 AR 27 BEFELS A2 =0 2938 =

Hol dvkil d4&H A o) (Jiménez del Rio et al, 1996). £3F T4 =318

)

AAaAdE dEFe AW FAe: WHE JlHerd, 53 PUFAs
(Polyunsaturated fatty acid). total FAs (Fatty acids)®] Hl& s|Z2F2 Az
A Ao did F9.3 A% (indicater)2% (Floreto et al., 1993), A 3§ o]
w3 ZAW gAY (OFEAd (N H7F ©g w PUFAs g2 =4 uhel
ot (Ahlgren et al, 1992). wabA] sjzFe] A Ao iEF AT A
grs] el i gltd (Tenore, 1976, Gémez-Pinchetti et al., 1998).

ey, oM o)ek wHE AFZ I Fol dE B A A

8 (8, 2%, G g wjore] wel AR 1w ok #@ A AT}

o

¥ (Kim ef al, 1991, Kim and Lee, 1993), 9%¥® &4 2 A& a9z

32

ol9} BE A YAt Aol U AFE +AD 9 gl

e, B delMe Zdate (Uha)9 tiie] F2 244sid A

% T3 e o% B Yol wE AN Fook 4% 98e 4% o
ol AedstgzA el FAH o g7b5AE oty A6 A A
249 dasteel A 246 ojwd FPLe A=A FolunA B9

o},



. As 2 3y

ARE AT (Fig. D A2 98 das dFsisds 938 £8 o %
shed 52 e 9 ZYet 22 EAEE AAF e, 20T 60 zmol

2.1

m s, 12:12 L:D (Light:Dark)3tell 4 347} o2 A 7t}

=

z

A F4AH4EL multiple flask methode] 93] 4=t (De

ol

Boer, 1981; Harlin and Wheeler, 1985). "% a4 250 mé7} S u]o]7] o

2 e Wobstel B4 FE (1, 2,5 10, 20, 40 pM)e] EFHES @ 1,

l

HHIAe G 05 ¢ (FFHE A 9y ol o 2x9 25= 2009
80pmol m’s'2 YA FAGH2n, 2y 2 ANY FEE AN 4
FTEA HEAMARE 308 FFoz 25 ML AEste 53 (0, 30, 60,
90, 120 ) Ak} Ake] Fao] g wEWEE 539 HiFor T
=3

) A} od
s}

=

Fr & 54L& Standard Methods (APHA AWWA WPCF,
1985) ¢ Cu-Cd #dez Fa3dt fadd 532 39 §3 ofo
AE ohE FtEE FA (e, 05-2 mE 185 ecnA K Eol7t HEE A&
H 200 m¢ BEe NHLI-EDTA o2 39 408 EqA7 Aolxgy
U el obg vle g dabe] 2448 fls 60 oMo Aud & 25 mes}

NHCCI-EDTA &9 75 m2 &£8% #d /a#g 5947 98, 200 m¢ A

ol

%9 NHCI"EDTA #<o2 tha] 33 Hof FH o] ¥zt X9 A



(25 w)%k NH,CI-EDTA (75 me)o] &€ 100 méE 25-35 md/min F5 9
Z a8 Fade FHAAN o 8§94 F HE 25 mv vdn volx &
o F 50 mE FHdo 3% ool 1mé Sulfanilamide £ 4& ¥Ym T Z

2% ool 1 m¢ NED - 2HCl 8H4& o] 30%elA 24417 o] llel 540nm

oM FHEE FA4F F vy AAHFT TEIA (standard curve)d] A Hatsd
o] ¥EE P93 (Fig. 2). ofale] el ola) A& A7 A & A2 9
T EFES Tk

528 (umol g fr wt'-h) - [ #mol nitratelinta ~[ £ mol nitrate)sna
520 =

length of incubation (h) - g fr wt'’

AN o Ug 259 9SS ¥ 100 gmol m s 9} nitrate ¥
%30 p M =AM Tk 2% (5 10, 15, 20, 25T ) H3HE AA s FALE

Ao, Ay JJA 247 3 ZF 2 A4 (25 me)et NHLCI-EDTA (75 nd) 9]

Z2E9t FAo 2 A F4 982 20T9 30 1 MY FAE 5%
ol A, 2% (0, 20, 60, 100 gmol m “s )¢+ 23 (white, vellow, green, blue, red
3

light)& gelstd sty o, x4

o]
v s



Sampling site

0 3Km

Fig. 1. Map showing the sampling site (Cheongsapo

near Busan, Korea) for this study.



Optical density

0.30

0.25 -

0.20 -

0.15
y=0.01x+0.06

R% =096

Q

=

<
|

0.051®

OOO T T T T
0 10 20 30 ‘ 40 50

Nitrate concentration (uM)

Fig. 2. Relationship between optical density and

nitrate concentration.



2. 2 g

st ol AFEE dEba o] A= ohAlE 2001 486 FAF AR

A A sted, ofelzubol o] AHdm $uraiAT

AR 2A9 RANE % e o] BAL A FolN 38 oz
AAGGL e WHoR 5+ 8 AR 5, GAESS 200 ol FFAFI 5013

EoloiAd A Wi, 72 HES K25 e 20T, 60 gmol m s '9]

AR dholM 48 A1 Fot RSt (Altamirano et al, 2000).
Abel e Ast dv]d (Olvmpus BX 50) spollAl #helst &

fr2b dekele] 5 wE JiEsire Fetols Ftxr 278 (25%25 cm)ol

@7 HEYGH (¢, 9 emoll AESAT F 2M3F & FFAY HEESFE

Hete] B3 AEE AT (Callow, 1997), 2 7HY s8ol= Zekist 2

chedol Al 200 meel A€ PES (Provasoli, 1968) wj%| 7} Eoigl= d]o

&

Aol AL o5 daY e32 KNOs = Fgstdn, 2hzre] vloj#d| 1,

2,5 10, 20, 40 M A ¥ E H7EIEY. s o2 4Augs o
ol V] ¢& 20T, 100 gmol ms™, 12:12h dtol A 12 h vic}h W= @3 &
Fa, A FAHL2 olEd 3 FE du|H L o] &dte HolE ZHAd )

2

wtEF R drdHEete] e S Feolrl A A A EntE (GeO)® #HY 4
AR

viob (germling)®] Ao vlal= e JFE dHrs] g 2

g

& 2% 100 pmol mis! FAY BT 30 4M, 12:12h LD z#Hd A 5
11, 14, 18, 2379 27718 HAste sastgon, AL o] 5o ¥l 7
3 oA S ol &l ZolE =AU} 2x9 FA wE YAYuge £



o200, AAY B 30 M, 12:12h LDsrol A =57 (20, 40, 80, 100 w«
mol m s ¥} FA =7 (white, yvellow, green, blue, red light)& o] 2122
3 FUG o ZAstgr). 8Ute] w7 Fob viA= 48 A7t 0}
t}p ksl on], MAEL ol Specific Growth Rate (SGR) Ao &g

vl gl el (DeBoer et al, 1978).

SGR = 100 - [Ln (Ly/L)] - T!

(Ly @ 52 58] o], L, efF7]7H

okl

kel 2

o
-
jo
o=
o2
N
I

At BAolh ALSE wAsels 20024 3¥el FA HALEol N A

detginh 298z pud GAZYE R 4B L Rds 2e oBAS
& R Tl fEE FoR AAT I, Adshel Do 0TS 60 u

mol m“s ', 12:12h L'Détell A 424zF ¢S zich

Ardzwo] M Auate] A4S dolr ] ¢ Had sl 250
7 B oujo)Ad Aad g #Husld 53 ¥ (1, 100 Ml =23 ES
35, watgdde dA g (5FHE 44 ¥, 29 2:E 2079

60 gmol mis'E YANA FAESAT &% 2E L HFo] wpE A

= 9207C, 30 pMdtele) ZAAA B 2w EA (20, 100 gmol misHE F



of deatgla, AR} oo thek AP 20T, 60 umol mTs ek Akl
TE 30 pMstel z2helA A FgetilA BrEAG. e 2¥EE3
o] 371 12:12h LDSl] TR o0, wizs 48 Al7telg m@etgon, =
Aal M WA e AR AES TR M EHgEis v
T %, Bligh and Dyer (1959)2] ®Wel] Fsled ol FolH
chloroform -methanol (1:2)% <} 30 weell A 3 %3 thS, boron trifluoride
methanol (BF3-methannol)2 methyl ester8} 3+ 3o} capillary column

(HP 5MS, 30 m x 0.25 mm)e] 4% GC-MS (Shimadzu QP-5050A)E ©l

o)

fated BAstoch M EAE injector X detector €52 zbzb 230T 2

ol
-

Qar, #ZE 2ree 180TCAM 1022 FAAN o 25C/&2 216T7HA <

e F EETAH dulsie] (Fig 3) A4t ¢@e ¥Alao
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Fig. 3. Standard curve of fatty acid.
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1999
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Mel2ia, ojwfe]l E54E 1439 pmol 'g fr wt'-h'dch (Fig. 4), ojke
Y FEvh B Wy 48 mE wolgon, ZAze 2w 12 5 10,

20 pMef 4$ 0330, 0570, 0.859, 0985, 1435 gmol g fr wt'-h'2 g

AYY9 &5 kinetics® 25 AW v 48 Alole] BAE B4
Ao £33 (rectangular hyperbola)S WERATH (DeBoer 1981). & Al 3 o)
Mo P& ZAIAE  saturation  kineticsE  LFEHWQ ofgigt Ax=

Michaelis-Menten WA 2o Hagd 4 glonmg

()
[

o3
=]

ok

9] kinetic
parameter (K¢, Vmd& 73t7) 98]  Lineweaver-Burk (Lobban et al., 1985)
plot® WA} (Fig. 4). o]2ZFH F& 20T, 80 gmol m s ', WAz 3
of ol databee] AR F4o K-S 356 aMoln, Vendte 1517
mol ‘g fr wt'-h'ggch

ek Wgte] mE 44 F4EE 29 5 10, 15, 20, 25CoH A Zhz)
0.337+£0.007, 047720.067, 1.16720.098, 142220022, 050320023 gmol ‘g fr
wil-h'z #3¥01d F582 By (Fig 4, A3 2¥d £9% gr=s

748 ol % Asksle Ao uEath ols 2o| £rzle

m!ob
4)

e Folw

Aol vERd 2y (Table 1), 10T 25ColAE F2]3 2boj7} AR A gkgirt
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(Tukey HSD tests, p >0.05).
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Fig. 4. Saturation kinetics of nitrate uptake (gx#mol - g fr wt ' -
h ') of Enteromorpha compressa at 20T, 80 gmol m %s !
The relationship between uptake rate of nitrate and its
external concentration is similar to the Michaelis-Menten
equation (A) and the Michaelis—Menten equation is
rearranged to vield a straight line from which K. and
Vmax can be calculated more accurately by linear

regression (B).
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Table 1. Analvsis of variance (one-way ANOVA) for the
effects of temperature on nitrate uptake rate in

Enteromorpha compressa

Source of Sum of Mean _
o df F-ratio P
variation squares square
Temperature 4 3.71 0.927 302.58 < 0.001
Residuals 15 0.05 0.003
Total 19 3.76
Fxo 2 #Zid F4e2 dxdeM 032720029 pgmol g fr

wt - hteld:, 20, 60, 100 xmol m s 'ellA ZZh 0.827+0.038, 1.288+0.059,
140520020 wmol -g fr wt'-h oz, Bl W& FFE&S Yzl WA
(1.378£0.038 xmol -g fr wt'-h Dol vls) P ME 054120048 pmol g fr
wt!'-h'2 39 %9 F5&8 wojn A s A go 7t (042040030,
04490033, 06230043 pmol -g fr wt'-h'2 31%, 320%, 45%el ot}

(Fig. 5. #2702 xE=st 44 2% F58e Hole 428 Hold nglw

i

(Tables 2, 3), 259 A%+ 2 F4¥ §F93 Aol& HA (Tukey HSD
Z27ve] §9gk apo]7} ek}

A ko (Tukey HSD tests, p > 0.05), A3} Az

tests, p < 0.001). 329 A§ Gy =40

=

£ 24 &

flo
b

2]gk zle)E ®W P} (Tukey HSD tests, p < 0.05).
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Table 2. Analysis of variance (one-way ANOVA) for the

effects

of 1irradiance on nitrate uptake rate in

Enteromorpha compressa

Source of Sum of Mean ]

. df F-ratio P
varation squares square
Irradiance 3 2.90 0.965 603.91 < 0.001
Residuals 12 0.02 0.002
Total 15 292

Table 3. Analysis of variance (one-way ANOVA) for the

effects of wavelength on nitrate uptake rate in

Enteromorpha compressa

Source of Sum of Mean .

o df F-ratio P
variation squares square
Wavelength 4 2.01 0.626 449153 < 0.001
Residuals 15 0.02 0.001
Total 19 2.53

_18_
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10 1

Nitrate uptake rate

0.5

00 T T T T T
0 5 10 15 20 25 30

Temperature (°C)

Fig. 5. The effect of temperature on the nitrate uptake
rates (gmol-g fr wt'-h') of Enteromorpha
compressa at 100 pgmol m%s™' and 30 M. Bars

represent standard deviation (n=20).
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Fig. 6. The effect of irradiance (A) and wavelength
(B) on the nitrate uptake rates (gmol - g fr

wtl-h!) of Enteromorpha compressa at 20T
and 30 M. Bars represent standard deviation

(n=16. A; n=20. B).
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2. vlote] Aol U AN v, # 2 Lx P

FEfe Slol AAEN 2 Jddd wralolel BAE Monod W
Aol o] M Ele] 2]t} (Lobban et al., 1983). o] AL o] 9/H o

dddel olef AEs AFES, 5o Aade) A% oFe] del Hage

wobel BN B4HOE LBHS VeURe] 4REN REEe BAx

SE2 A YPERY (Rhee 1974). B H3dA L ©de Aaddow Fg 2

L=t

AT Adge] BAlE saturation kineticsE UEWG . olejdt A=
Michaelis-Menten g4l HEd 4 ooz AME FF9 kinetic
parameter (Ks, Vmad & 73171 #18]  Lineweaver-Burk (Lobban et al, 1985)
plot2 WA ZT (Fig. 6). o)Z% & T3+ 20T, 80 gmol m s ', WAl3s}
ol wiztabe wfebe] Al Ee}l K2 033 gMeolil, Vi 5618 %day *
ek,

Zyzkel wxel wWE 89 Ftel A wjoje] 8 o Fote] HF
{2 AEE 40 pMelA 53.65+7.28 %day ‘oI, 1, 2, 5, 10, 20 Mol

b

M A164+743, 5029814, 52.74+806, 5312717, 53.03%773 %day ‘&
(Table 4) 24 EGo] W& WRE] ol A7be] ZHu}3lel me} Zols
Aon, K, #te) W3 2 Adsfoi= 1170 g MollH 8 Lo 012 M=z gt

obeh (Fig. 7).

-21 -



Table 4. SGR (% day™") of gemlings (n=40) grown at various
nitrate concentrations for 8 davs in FEnteromorpha

compressa

Nitrate Day

concentraion

2 4 6 8 Mean

1 M 24.09(+6.56) 41.71({ =6.86) 48.69(+7.85) 52.07( = 8.44) 41.64 =(7.43)

(R

4 M 43.35( £ 8.24) 45.70( =8.70) 55.03(+7.43) 53.00¢ =8.21) 50.20 —(R8.14}

[

1M 47.74(+8.13) 54.61( £7.36) 54.19(=8.80) 54.40( =7.94) 52.74 = (8.06)
10 1M 48.46( T 4.82) 54.84( £6.57) 54.98( +9.24) 54 20( =8.06) 53.12:=(7.17)
20 M 48.33(1£6.87) 54.76(=7.00) 54.88( +9.22) 54.13(£7.85) 53.03=(7.73)

40 M 00.69(£6.51) 55.25( £5.87) 54.24( £8.99) 54.39( £ 7.74) 53.65=(7.28)

8 ¢3¢ 18TolA 7H =& @ 4933~
5480 %day & EAom, 14T A& 3649~5444 %day & At} 11
Tel 232 A= 25.10~49.06, 27.03~4891 %dayloli’iﬂ, 8Ce 4%
13.04~37.01 %day ‘¢ A48 B 28 5CAMNE 38 vus 4%
#% RAY (Fig. 8). 2572 AAE 0] one way-ANOVA (Table 5)9)
A Fegh atelE 2T ey AY 8 Fo MAgoA 14, IBCTIH) §9
&b apoli= WENGA]l @to (Tukey HSD tests, p > 0.05), 11, 23T ¢ F7rol A

1

3k atojrt Bolz] gtoy (Tukey HSD tests, p > 0.05), 2 9 55
HEEE §93 2ol& YeEWAT (Tukey tests, p < 0.05).
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Table 5. Analysis of variance (one-wavy ANOVA) for the
effects of temperature on growth in the germlings

of Enteromorpha compressa

Source of Sum of Mean ,

o df F-ratio P
variation squares square
Temperature 5 901 180 o8.70 < 0.001
Residuals 1194 3666 3
Total 1199 4567

2B 27 A E WE MBS 120 gmol m s oA A Zg)
E}

el 20, 40, 100 gmol m’s 'elM ©]E9 ge 2461~3991, 40.73~46.88,

i

on] 4837~5530 %day |, 257 271852 AAFo] ZrlEE AL

4720~5453 (%day g BAT (Fig. 9), 250 W AAE9 3o]= one
way-ANOVA (Table 6)l4 $¢J3k zto]2 wadch zevd 100, 120 2 mol
m-s o] Frel ZmelM: {93 HolE ez ekgrrt (Tukey HSD

tests, p > 0.05).
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Table 6. Analysis of variance (one-wayANOVA) for the
effects of irradiance on the growth of germlings of

Enteromorpha compressa

Source of Sum of Mean _

o df F-ratio P
variation squares square
Irradiance 3 206 85 28.64 < 0.001
Residuals 796 2376 2
Total 799 2632

ol oig ARE g WA g A, =4 qwe] pom 483

7~55.05, 3870~51.41, 39.07~50.72, 3267~4842, 0.05~0.08 %day ' ¥A 5L 1

At (Fig. 10). #oll wE APAE 2ol= one way-ANOVA (Table 7)olA &
2gh Atojs ROy A Fage] FhME FeF AolS vehix] @t
3t (Tukey HSD tests, p > 0.00), 1 & BE 7t = F23k ato]l2 RYr}

{Tukev HSD tests, p < 0.05).
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Table 7. Analysis of variance (one-way ANOVA) for the
effects of wavelength on the growth of germlings

of Enteromorpha compressa

Source of Sum of Mean ]

o df F-ratio P
varitation squares sguare
Wavelength 4 369 132 35.66 < 0.001
Residuals 995 2985 2
Total 999 3854

_25_
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20 o

Mean of SGR (% day™1)
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a T T T T
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Nitrate concentration (uM)

0.025 . -
0024 . R
0.023 | y

0022 4

- y=0.01x + 0.02
a2t RY=0.95

0020 .

1/SGR (% day™)

0.019

0018 -7

i
0.017 b—- . S—
2.

s3] 0.5 10 1.5 0

1/Nitrate concentration {uM)

Fig. 7. Growth kinetics of Enteromorpha compressa at 20T, 80 xmol

m s '. The relationship between SGR of nitrate and its external
concentration is similar to the Michaelis-Menten equation (A)
and the Michaelis-Menten equation is rearranged to yield a
straight line from which K: and Vmax can be calculated more

accurately by linear regression (B).
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3. AW 240 UF AN BN, 4 L Lxo Qg

RE AY =dHAA F5 Ak 16:0, 18:In-9, 18:2n-6, 20:2n-6,
18:3n-3, 184n-3, 20:5n-3, 22:5n-3¢9] 7 FTHoy, ols2l Witk we)
Total S & M (Saturated fatty acid and Mono-unsaturated fatty acid)}

Total PUFAS] <& 2338 & 5 9t} (Table 8 9, 10, 11). o)) & =)t

tE b e vEE ARSE AL pamitic acid (16:0)8 338~57.1 %]
a2 YEbIth PUFAsel 271 272 AMY %% 100 «M, 3930 2

0CeM =2 s BAD, 2227 (20, 100 zmol m’s HAA = v]&a
PUFAse} gt& Yeth it (Fig. 12). &% PUFAsE limolenic acid (18:3n-3)
¢t parinaric acid (18:4n-3)%1ch. “12]3, penta-unsaturated acids(20:5n-3,

22on-3lv dAT & (G1~42 %R HE A¥zANA dgyou
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Table 8. Effect of nitrate concentrations on the fatty acid
composition (% total fatty acids) of Enteromorpha
compressa at 20C, 60 gmol m °s’! after 6 days in

culture.
Fatty acids Wild 1 «M 100 ¢ M
Saturated
Cl4:0 25 1.9 2.0
Cl16:0 46.9 55.2 33.8
Cl18:0 1.5 0.8 05
C20:0 0.3 0.2 -
Mono-unsaturated
Cle1 0.7 24 1.7
Cl8:1n-9 6.7 8.8 6.4
C201 0.1 0.1 0.2
C22:1n-9 - - 0.1
C24:1n-5 - - -
Di-unsaturated
C18:2n-6 4.0 3.6 59
C20:2n-6 36 34 36
‘Tri—unsaturated
Ci83n-6 0.4 - 2.0
C18:3n-3 9.7 6.8 16.1
C20:3n-6 0.1 - 09
C20:3n-3 0.6 - 05
Tetra-unsaturated
C18:4n-3 16.4 11.8 194
C20:4n-6 0.4 - 05
Penta-unsaturated
C20:5n-3 37 3.1 3.9
C22:5n-3 2.2 19 2.4
Hexa~-unsaturated
£22:6n-3 02 - 0.1
Total S&M 587 69.4 447
Total PUFA 41.3 30.6 55.3

Wild: fatly acids composition oblained from E. compressa of wild collection
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Table 9. Effect of irradiance on the fatty acid composition (%
total fatty acids) of Enteromorpha compressa at 20
T, 30 ¢M after 6 days in culture.

Fatty acids Wwild 20 pmol m*s' 100 zmol m s
Saturated
C14:0 25 2.1 2.3
C16:0 469 38.7 354
Cl18:0 15 0.6 0.5
C20:0 03 - -
Mono-unsaturated
Ci6:1 0.7 1.8 15
C18:1n-9 6.7 6.0 6.3
C20:1 0.1 0.1 0.1
C22:1n-9 - ~ 0.1
C24:1n-9 - - -
Di~unsaturated
Cl8:2n-6 4.0 54 57
C20:2n-6 36 3.8 3.7
Tri-unsaturated
Cl18:3n-6 0.4 14 1.8
C183n-3 97 16.7 15.7
C20:3n-6 0.1 0.6 0.7
C20:3n-3 0.6 05 0.4
Tetra-unsaturated
Cl184n-3 16.4 15.8 187
C20:4n-6 0.4 0.4 0.5
Penta-unsaturated
C20:5n-3 3.7 3.8 4.0
C22:5n-3 2.2 2.2 2.4
Hexa-unsaturated
C22:6n-3 0.2 0.1 0.1
Total S&M 58.7 493 46.2
Total PUFA 41.3 50.7 538

Wild: failty acids composition obtained from K, compressa of wild collection



Table 10. Effect of wavelengths on the fatty acid composition
(% total fatty acids) of Enteromorpha compressa at
20C, 60 gmol m?s', 30 M after 6 days in

culture.
Fatty acids Wild Red Blue
Saturated
C14:0 2.5 1.8 2.1
Cl16:0 46.5 57.1 51.2
C180 15 06 0.8
C20:0 0.3 04 0.4
Mono-unsaturated
Cl16:1 07 26 15
Cl18:1n-9 6.7 93 76
C2001 0.1 0.1 0.1
C22:1n-9 - 0.1 0.1
C24:1n-9 - 0.1 -
Di-unsaturated
Ci18:2n-6 4.0 3.1 36
C20:2n-6 36 3.2 3.4
Tri-unsaturated
Cl83n-6 0.4 0.1 0.2
C18:3n-3 N 7.2 238
C20:3n-6 0.1 - 0.1
C20:3n-3 0.6 - 0.3
Tetra—unsaturated
C184n-3 16.4 9.2 134
C20:4n-6 0.4 0.3 0.3
Penta-unsaturated
C20:5n-3 37 4.1 39
C22:5n-3 2.2 0.7 2.1
Hexa-unsaturated
C22:6n-3 0.2 0.1 0.1
Total S&M 587 72.1 63.8
Total PUFA 41.3 28.0 36.2

Wild: fatly acids composition obtained from E. compressa of wild collection
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Table 11. Effect of temperature on the fatty acid composition
(% total fatty acids) of Enteromorpha compressa

at 60 gmol m’s', 30 M after 6 days in culture.

Fatty acids Wild 10T 20 C
Saturated
C14:0 25 2.4 2.2
C16:0 46.9 475 364
C18:0 1.5 1.3 0.6
C20:0 0.3 02 -
Mono-unsaturated
Clel 0.7 09 - 16
Cl18:1n-9 67 7.8 6.1
C20:1 0.1 0.1 0.1
C22:In-9 - - 0.1
C24:1n-9 - - -
Di-unsaturated
Cl18:2n-6 4.0 4.8 6.1
C20:2n-6 36 29 34
Tri-unsaturated
C183n-6 0.4 05 1.6
C18:3n-3 97 94 1h2
C20:3n-6 0.1 0.2 0.6
C20:3n-3 0.6 0.6 04
Tetra-unsaturated
Cl18:4n-3 16.4 14.6 185
C20:4n-6 0.4 0.3 06
Penta~-unsaturated
C20:5n~3 37 3.9 42
C2255n-3 2.2 2.4 23
Hexa—unsaturated
C226n-3 02 C.1 0.1
Total S&M 537 60.2 47.1
Total PUFA 41.3 39.7 530

Wild: fatly acids composition obtained from E. compressa of wild coliection
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V. F5a12

N
3,

AlEfs sdauel Qo] Fan A BUAZ o|F 4R

rle

T2 Addd 5 ool #Had 4FE v (Round, 19815 Lobban et al,
1985). o}¢ 290Eel dig sixfFo A=H 4§ s A AR, et
Mo AR §A L AAES AR A sA #Ee] 2tk (Lobban and
Harrison, 1994).

ot dokale AA 9 dde wetME F WEE Holed, 59

AL ¢ F9 T A AFFe] AR xR FFH WM F

.J

el e zto|7l U (Thomas and Harrison, 1987), 1R & #lZ2#Fe] A% &5 A
o

Selshtt (Chapman et al., 1978).

Boaddel AR gabatee] §489 Kaahe 356 gM= ole Y
2zl Fucus spiralis®) 66 pM, Laminaria longicruris®] 4.1 pM, Macrocystis
pyrifera®) 131 p M3 335F 5 Hypnea musciformis® 49 M2 the 22 3t
£ WAARY Gracilaria foliffera®l 25 ¢MBUYE £& ke YERA L (DeBoer,
1981), sb=4F =289 Ula pertusa®) 228 pMEY %2 308 BIH (Choi et
al., 1994).

Yztaba wlo}l (germlings)el AAES K ¢2 033 p1ME, &

=50l Aagrdhiella subulata®t Gracilaria folitffera®l oA gHAL s =9
AAEel BANAM ERG 02-04 MY HAY FAATS @E RAR
(DeBoer et al., 1978), A3 A @279 Chordaria flagelliformis®] 02~05 g
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Mel K. #ZFae dl=3 o (Probyn and Chapman, 1982), tbd Al Z& 791

Laminaria saccharina® $lo1A 147 M9 K, FHth= uwrekcl (Chapman

olmtrog K, (48 L AAEo et xsiasghe xR/
odored o] &of tF FaF AF (indicator)2M (Lobban et al. 1985), 54
Fo) Kighel wiobes A2 9% gtoll M Kgkel & Zol vlsf 259 A3
> 2 oodEe W) obErhE AL 9)v$ttt (Chapman et al., 1978). 12iH&
At 9@ 200 F - sl MAske 5, 53] dE dxRd FERE =
Are] goma b Aol MAshis FRG slFe] ol YUE

A Azke) 7w, R AsEel davhey 484X drd FEds

of Aok e AHY WA ulx A a2 Aol wME Faol #
Z]atod (Hein et al, 1995), Davton (197D)% <153k vpe} 2ol we Gy
el A Ko g wE YHEF AAH= A 2ol BT

Lobban et al (1985)& ZAAtde] F4 oAl dojr FE Ay o
M Fad dFE HEhlA god IFrscAe & 98 RIdx §3
vl B AEHolA Hatale wjole] AFEL HEMA 8Y Tl 1, 2 M9
FEE AL 5 pMelAol A vl ARE
o5 Aad wro A #FFEE Aoz Jepdth (Table 4). ®£3F &2
B & K, @] 356 ¢ ME WERLEA, 2
7 HA RS g arHe HAAaPe] ¥EE 5 M A B o Ao

Ago 7]zFoE o T &
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o] o8 A4e Favk FARUE Ade e AFRFAM B

314 glth (Syrett, 1981; Wheeler, 1982). HAFE F 4ol heh 2x2 9 g

A s S8 HEHeE dehuied, ¢4 M Ee uAd S8k A e
B A AAE AUz (ATP) &3] 55 4% dezlv F d

A Bz Aol B5E AMGE opvlwdl @WA, GFac ge B 2
£

Aol gatsge] Wit S5 AN 220 FHEFE 5
b E4 T (A 100 pmol mis ), dERAME B2 25%9 FE
& vhebdio] gatae] A4 Fense xREC F HSHJAZE ¢ 7
At

59 FUto @E FFEY FUhe AFEY FUe 2 HH)
led, Kim and Lee (1993)ol 2latyd F=totef whole) Hof AFES 125
pgmol m7s 'ollA vepdth B Ao E FAR 23E Yehddoh 2
Dilsea carnosa® wleb: 54 pmol m s 'old Hd AL BRI (Jones
and Dent, 1970), Scytosiphon lomentaria™= 60 zmol m %s'9 Z=olA A

Mg Jeplidg (Ohno, 1969). YRt o2 =t £E59 wjole 40-~60



pmol m s el A #HF el Alge) o] foixivtu ¥elA At (Kim and Lee,
1993). et gabatee] 49 olwnt BEE (422 100 gmol m s

P
Az 100-120 gmol m s Dol Ao o) AAd F=ob olo] wE A
[es |

ol whe gl S AagAEY A5 Ads d49 F
Mgy st A ZF3H7E 9l (Azuara and Aparicio, 1983), A Atd 3
Ao 242 w2 Adeed dol AR FE&v]d g8 zdzit
(Lépez-Figueroa and Ridiger, 1991). ¢} Sasakawa and Yamamoto
(1979 GAIzbe) A3 2= AAge vlste] FAE F4o vl g5
& Rt & Ay YAgd s BE g3 A4E F4oh dejytx
g (O82mm)¥h =53 (530mm)e] HAF 445mm)F M3 (660nm)el v &)

AlaE Aok o Fd 94 Had Fad %S AL AFE A

,'*‘1

22 Uva rigidgol A A43 87124 3lE£3 2 (Phytochrome) ¥
ZoAde sk =9 % AAFH (Lépez-Figueroa and Rudiger, 1991) @2 e)
of Ao% 2 A)7he] % FAE Sasakawa and Yamamoto (1979)¢ A #H &

weid W SEaga 2 ANY £ s TR o) TR e A e



Aaste @rsgel FHUL FANAL wiaArh B Aol A4z
Wb el vjolel AAelAE WU BAY ANFE ol 4T vmH I

Harrison, 1994). <X diF&2 AL Al gdy 5E5ded 4FE vlae
i gigFd oz 2wt 10 &

Bojn (Qp=2), Y& D B Qu=l0dM Qp=12¢ #HE HEn
(Lobban et al, 1985). ®3F o] F 4o vas w2 J&de of9 FxH
ZF9 =% o3o] 9t} (Lobban ef af, 1985). Harlin and Craigie (1978)
= Laminaria longicruris® 33 A3A 2 EFF&0] I6TE 7I¢dE
o QT M= 30%9 Fego] e Sk odt gl JaE B
b 2y Foll Wl e Fe e AV dopviA] @ ASE R u
$4c} (Topinka, 1978). &% F3tell nt2 e e] dAu4d F5&2 20TE

NEe2 10TAAE 0%e)ste] F5EE tehjo] TE g oF A4g

Kim and Lee (1993)% w&tatef wjobe] Hdf 442 15TAA dold
2 wusach ¥ AYlME 14, 18TH #259) Kim and Lee (1993)¢]
wmel §Abg AL S e Zeiy 5TAE AF AsEsel et
U} 150 wad 5TeIAY A= hE FHS B o= AR A
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100 gmol m s 'elA] PUFAs® 742 vlu|g zto]g Ko, k= PUFAs
o] WA =Yoali= 2 AF¥L vAA BEES vEhin Qo
PUFAsel 3t Asd 48 d8 7 It

Ao o) gt wlole] QA4 dAS Ak B4R [A
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2ol gae A wastd solel Aae Asjw zow Azdny e,

Ulva rigida (Gomez-Pinchetti et al, 199814 el n-3 PUFAS (16,
C18% C16 A¥L Yebs) Yol ZF7he] Aeojd Hlov, AA vl&d &
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Al ootz AHalxola A E wEFQA gAI (Enteromorpha
compressa (L) Greville)e] #abd &= 2l wjo} A3 re]n ZANW Akt

Ao 3 B 9 2ol o] mAME A

N

Al F4g 0o 9lRo] zaldd o disled saturation kineticse
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Appendix 1

Weekly mean seawater temperature near Busan, Korea (2000-2001)

Week
Month — —
1 2 3 4 9)
Dec. 14.8T 134T 12.8C 127TC
Jan. 11.5T 11.97C 11.2T 109T 1117T
Feb. 10.7C 109C 10.4°C 10.87C
Mar. 12.9T 11.4C 11.27C 12.0T
Apr. 14.6°C 14.3T 127C 13.7C
May 17.17C 165TC 159C 15.1TC 14.67C
Jun. 19.7C 19.9C 1867T 17.6TC
Jul. 21.7C 21C 20.3TC 19.5T
Aug. 26.3C 24°C 22.6C 23.6T 24.1°7T

Sep. 2447C 24.8C 2457C 25.17C 26.1C

Data source: $H7sidtat s AlE (KOREA OCEANOGRAPHIC DATA CENTER)
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