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Effects of Light and Temperature on Nitrate Uptake,
Germling Growth and Fatty Acid Composition
of Enteromorpha compressa (Chlorophyta)

Dong Hoon LEE, Soon Jeong LEE, Jina RYU, Eunjeong PARK and Ki Wan NAM*
Department of Marine Biology, Pukyong National University, Busan 608-737, Korea

Effects of light and temperature on the nitrate uptake and germling growth of Enteromorpha compressa
(L.) Greville (Chlorophyta) were studied based on samples from Cheongsapo near Busan, Korea. In addition,
their effects on fatty acids composition in thallus were examined. Nitrate uptake showed saturation kinetics.
Vmax (maximal uptake rate) and its K (half-saturation constant) at 20C, 80 #mol m™s™, white light were
1.571 #mol-g fr wt'-h"' and 3.56 #M, respectively. In nitrate uptake with irradiance, wavelength and
temperature, its rate represented respectively the highest value as 1.405+0.020, 0.623+0.040, 1.422+0.022
nmol-g fr wt'-h” at 100 #mol m™s”, red light, 20°C and exhibited significant difference among the examined
conditions (p<0.001). Germling g2r0wth of E. compressa also showed saturation kinetics, and Vpax and
its K value at 20°C, 100 #mol m™s", 12:12 h were 56.18% day™ and 0.33 M, respectively. SGR (specific
growth rate) recorded a maximal value as 49.33-54.80, 39.07-50.72, 47.20-54.53% day™ at 120 zmol m’s”,
blue light and 18°C respectively, and showed significant difference (p<0.001). Red light made the effective
nitrate uptake, but germling growth was largely limited by the light. In fatty acids analysis, PUFAs
(polyunsaturated fatty acids) were high at blue light, 18 C, 100 «M NO;". However, irradiance did not
affect the production of PUFAs. In conclusion, nitrate uptake and germling growth of E. compressa showed
saturation kinetics to external nitrate concentration, and were significantly affected by irradiance, wave
length and temperature. Fatty acid composition was also influenced by the factors except for irradiance.
Their maximal values, together with the highest production of PUFAs, were found at blue light band,
20°C, 100 #mol m™s™ and 100 M NOs.
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M B2 AAo] 7] Wil FUE 712 Ao Bgo] Bad o3

Az AL Thokdt o REAA 20 % 9 B AL FFHULE °]FEY (McGlathery et al., 1996).
(Lobban and Harrison, 1994)% 344 5% (Floreto et al, ol ol fr 2 sEFo A Fek AU A
1993) S0l oja] Pake v, HFe Lo JId = 53 2 QA5 Wil sty Be d3Ee] A ot

AA MN)E 20 g szfFy A4S Aste 13 (Chapman et al., 1978; Morgan and Simpson, 1981; Lobban
2928 9% o] 30|t} (Ryther and Dunstan, 1971). B4 et al, 1985). 53}, 2 3F3} Al w¥-3siv, 713 =7/
= &) Zo A 2] A (amino acids, L-leucin, nitrite, nitrate, 2 483 x5 ZAadF (Uve) 2 ZAF (Entero-
ammonium)E 3} ZFo ol &5, o]FAME AP morpha)= °VE A9 F8 Ao} =ojskth (Lapointe and
otol| W& L A3}Al A3 (Wheeler and North, 1980), Tenore, 1981). 023t ATE 539 @ fFe 29 94
HzF 2AY AA A F 7-15% AEE ARG AT M ZEARJ] VAT biofilen 2 A2PEY F7] 57

(McGlathery et al.,, 1996). $t28 94l #83 2ALo)AY 2o AASE 2938 Fgo] Uria &alA4 2t (Del Rio
50uM oAt =& FholME 2% FRF 4L vHA et al, 1996). 3 F F3lE dA9e dAF7F A

v S ASEIE Bk (Fujita et al, 1989). B3 YEFES z4olx W3S /1A L), 53] PUFAs (Polyunsaturated
AEF7E AA AY BHUY WE AL BT 539 B8 gty acid)oll Th3E & FAs (Fatty acids)®) Bl 31259 AE]4
3 kg Fehs vhE, AAEe olsh #AIRlel Al Aglo] gt 28 N FEEMW (Floreto et al,, 1993), FAE 0]
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(Ahigren et al., 1992). WetA Sj2F<] A A4 &
AT HAl 3 F v} AT} (Tenore, 1976; Goémez Pinchetti
et al, 1998). 2121}, F=olA= oleh BEE ATE T Fol
g 2 7EA Ag 89l (F, 2%, @)l ulsh ujole] o}
D AZ a8 ok @FE A7) 9S ¥ (Kim et al, 1991;
Kim and Lee, 1993), 9¥E &5 2 4%, 271 o] Bd
At 24 digk d+E ¥ E 8 gk

weba, B AFtellM = g e} tEo] F2 R gstd
Gl A - 4 GRS (Enteromorpha com-
pressa)°ll AAA W} 25 Z7e] @2 AAd o A7
WS A 0 F9oA] AEAHRZA Y A H
0|87t HAFH FAlC AYH AXZZA Y FA)9

At 240 ofwlF G vINEA Yotnuz s

Mz o 2y

gt e

A= 2001 39 FAke] AR Y] 270 eA A1
Huoh AFAZ uste] 23 AF L o)EAS A A
31, 207C, 60 gmol m”s”, 12:12h L:D (Light:Dark)®] 2713}
oA 33Uzt e AT ALY F544UE S multiple flask
methodoll &3l =33}H ¥ (De Boer, 1981; Harlin and
Wheeler, 1985), 248 F58 S4L2 Cu-Cd UYL E ¢
3Tt (APHA AWWA WPCF, 1985). & 582 tg9)
2oz Each

ok

n:ioll

& (pmol-g fr wt'-h')=
[ #£mol nitrateJinita— [ #£mol nitrate]sinal
length of incubation (h)-g fr wt

A0 Fol A 59 FFS FE 100 #mol m’s”,
Ak 30 uMO A % (5, 10, 15, 20, 25C) 218 DA
zAEIQoH, AF A 247 & 2t &5 AlS 25 mLo}
NH,CI-EDTA 75 mL9] E3-89 (100 mL)S AH8-3lH & &
FE&E 7t 25 2 F- g2 AE F5 ge
25 20C, AArE 30 uMOl A, 2% (0, 20, 60, 100 2mol m’s™)
2 b (YA, A, S g g delsle
FEslon, LEAdn T WYHo R & F4EL Tt

A

ALY 2k

w3t o] AsAAlE 20013 49 A HALZANA AR
sted, fFAe &S F2387] A3t 20°C, 60 tmol
m?s”, 24:0h L:DoNA 48417+ ¢+ x5} (Altamirano
et al, 2000). 38 #nA (Olympus BX 50)°.2 54 &S
A F, 54 A8 smLE BEdas} setol= =
& ZZbo] @Xl FHEt4d] HFFsAh oF 223 &, 45
Aol B2 A E 821313 (Callow and Callow, 1997), DA+
o] AAE PES A7} E9I0E Hlo]FA ] &Z T} (Provasoli,
1968). AAFTFHUOZ KNO:E ©]83152n, Zzte] Hlo]7)

=)
;(61“”_7(

oh-ube g drlg

o 1,2, 5,10, 20, 40 xM FE2] FAEL Ak A
T W At e] A4%S AHR ) /8t 20, 100 ¢
mol m7s”, 12:12 h L:D A 12A174w}c} vl A -8 3193,
o] &of g HI Hn| AL o]&sld HolE FHIATH

Hjole] Yo mix= 252 B 100 #mol m’s’, 12:12
h LD, A4td 30 uMe] Z2200A 5, 11, 14, 18, 23C9] 2%
& AAstA o, ojg] s B8 Hu|RHE o)
£33l Zo|2 Z2A3AT. 259} FAo) 93 e 20T,
MG 30 4M, 12:12h L:DolA T3t 25 24 (20, 40,
80, 100 zmol m?s") 2 B 2 (WAF, GNP, =43,
A, AAHE Fo] 4719 e g A W]
F(8Y) T AT 48A17vT wEslg o, AgGES
o} 9] specific growth rate (SGR) A2l 0.2 JeR)UTh (De
Boer et al., 1978).

SGR =100[Ln (L/L)] T

(Li: 73 3-2] o), Ly v &717t FFe] Zo|, T: i ¥71h

Xgat 24

2002'd 3¥ B4F AHALZ A AJE gty 2 AE
2 o) EAL AAF v, 20T, 60 #mol ms”, 12:12 h L:D9)
gl A 493t &S AFT AAgFEEd WE x4kt
S B4317] Hste A4E m=7F 1 F 100 #MQ] 250
o] FA 1g2 Wi, &5 9D Z2AS 20T, 60 zmol
A E 2%, 25 @ g3l g ik 2449
29 G&Q B 60 xmol m’s”, A4 30 M2
1A 10 € 20CY] 2=20E AN, 229 3
20C, 30 pMA A 20 2 100 gmol ms'e] ZERAL
A1, BA) 25 Jge 20T, 60 #mol m7s™”, 30 #M,
Qg W g slea AASIET. BE APz B2
7]¥ 12:12h L:DE 1A How, A9 Aal AL ok
6d & BA3tTh Aat Bae AF Ax3 AEL )
g A BebAe 2 ohE & Bligh and Dyer (1959)9] 3ol
F3le] o] FoiH )
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A FE& 9 vjofe] AGE s o7 #48<
(EZE, 3, 25)9 92 Cochran's test 2 one-way ANOVA
(SPSS Version 8.0)2.2 #1519t} wjor Ao 3l 2=}
B A)oll= Tukey HSD (Honest Significant Difference)® A5
ZAA 39t} (Sokal and Rohlf, 1994; Zar, 1999).
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Fig. 1. Saturation kinetics of nitrate uptake («mol-g fr wt" -
h™") of Enteromorpha compressa at 20°C, 80 zmol m’s’.

1.517 ymol-g fr wt'-h' 02 elyg}
25 e A g B3 152U E =

BHouw, HE 2% 200)q =2&
28T (Fig. 2). AA) 2= 2708 N4 §
el o} (p<0.001), 10T} 25 CAl M E F9)3F 2}o]7}
N QA 3t (Tukey HSD tests, p>0.05).

259 A9 F589 S0, g3 dAe 2501
TS F5& A FUee AoE JEen, 25X
Ao M9} e F4& Fae BEHRA B3 (Fig 3A). A%
7oA 0.32740.029 mol-g fr wt'-h'e) FFEE 7|2
& O, 57} F7HESE 249 F4Es Anke 345
a2l Z718ke] 100 mol m7s ol A 1.405+0.020 #mol- g
fr wt'-h'o] AEH Y. 9G] WE F5EL YT (B
. 1.378+0.038 gmol-g fr wt'-h'"), HF (D 2339] 45%),
B 39%), ZAF 32%) R FHAF G109 €22 E
HEFRT (Fig. 3B). 2% 2 3 25 A FF5&3toles
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Fig. 2. Effect of temperature on the nitrate uptake rates (#mol-
g fr wt'! 'h'l) of Enteromorpha compressa at 100 pymol m'zs'l,
30 #M. Bars represent standard deviation (n=20).
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Fig. 3. Effect of irradiance (A) and wave length (B) on the
nitrate uptake rates («mol-g fr wt'-h") of Enteromorpha

compressa at 207C, 30 M. Bars represent standard deviation
(A, n=16; B, n=20).

2ol 7k Ve o U (Tukey HSD tests, p<0.001), 32153 2
Z4Z7e] ol Zhol= AGH A AT (Tukey HSD tests,
p>0.05).

Hiote| MZtol CHel AME =

G2t wijole] Al ot 4
A 5 Frlo) g F4% £
4), )& Michaelis-Menten %732} 9] Lineweaver-Burk plot
LA A &9 207C, 80 pmol m?s”, W A4 3lo] Fztule)
wlo} AAEL MEIFE 033 4M, I AFEL 56.18%
day' & VERCE AE 73 Bete) Aad wE whE Hu
AAEL 40 uMol A FZE 01 5, 10, 20 MM E 5274
=8.06, 53.12+7.17, 53.03+£7.73% day' & 40 uMF} F-A}E}HA)
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Fig. 4. Growth kinetics of Enteromorpha compressa germl-
ings at 20°C, 80 #mol m™s™.

< Yehlideoy, gl fARsEAl 18TColA Hi X
(49.33-54.80% day )E 71838941, 23CollAle 28t B
#He JEPAT (Fig. 5). 8T o9 2= M e 4F
7HA) 298 Holl HA 13% day” o]Fe] AFES VeR wkd,
5TColME= 8Yzke] 71z Wiv] mvlgk AdEs BT (Fig.
5). A =7 ALEL S FAS AHE BJ o (one
way-ANOVA, p<0.001), 8¢ 1 ¥ 14 2 18T, 11 € 23T
TF3b Aol A& Abo]7h YRRl ettt (Tukey HSD tests,
p>0.05).

Zro ;E wjole] AL 2E o] Frlo| we} Ao r
Z7¥she Ako) veh, 120 mol m7s'olAM 71 & A
F (48.37-55.30% day )2 R AT (Fig. 6). TEZ 70 W&
AZETAE W FAS A7 UEE S Y (one way-
ANOVA, p<0.001), 100 2 120 zmol m’s'8] F AP FolME
2po] S YRR ek} (Tukey HSD tests, p>0.05). #jo}e]
A7) e 2o FFe 7 AP AFAE O v
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Fig. 5. Effect of temperature on the SGR (% day'l) of
Enteromorpha compressa germlings at 100 zmol m’s’,
30 M.
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Fig. 6. Effect of irradiance on the SGR (% day') of
Enteromorpha compressa germlings at 18°C, 30 uM.

H2lg 27 BEE AL (one way-ANOVA, p<0.001), ¥4
B, AN, gAR A g Aol 0 2 Ve (Fig.
7). ol FAG D HA3 zHNM FEF NS B
Ao Aukols Jold Ao m, HAge A A7 W
W 0.05-0.08% day'e] w$¢ W AFES HIY (Fig. 8).
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Fig. 7. Effect of wavelengths on the SGR (% day'l) of
Enteromorpha compressa germlings at 18°C, 30 M.

RIHAE ZNO| CHEH AN B T Y 259 g
BE 4994 $EIoR urhd Fa AYLE 160,

18:1n-9, 18:2n-6, 20:2n-6, 18:3n-3, 18:4n-3, 20:5n-3, 22:5n-32]
7 EFReH, 1 Akl wel A AL B gdE
X 3}R A (total saturated fatty acid and mono-unsaturated
fatty acid)®} Total PUFAS] 4= WHETE & 5 AU (Table
). AA At F 7P £ HES AAEE 2L palmitic
acid (16:0)2 AA AuHake] 338.57.1%2 Jelilon, B¥3}
A ik Foll A= linolenic acid (18:3n-3)9} parinaric acid
(18:4n-3)7} 834 FEFH AT PUFAsY F7tel #eld
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Table 1. Effect of nitrate concentrations on the fatty acid composition (% total fatty acids) of Enteromorpha compressa

at various conditions

. irradiance . . 5
nitrogen («M 2 - light qualit temperature (C
Fatty acids Wild gen (M) (emol m”’s™) ot qually ()
1 100 20 100 Red Blue 10T 20T
Saturated
C14:.0 2.5 1.9 2.0 2.1 2.3 1.8 2.1 2.4 2.2
C16:0 46.9 55.2 33.8 38.7 354 57.1 51.2 475 36.4
C18:0 15 0.8 0.5 0.6 0.5 0.6 0.8 1.3 0.6
C20:0 0.3 0.2 - - - 0.4 0.4 0.2 -
Mono-unsaturated
Cc16:1 0.7 2.4 1.7 1.8 1.5 26 15 0.9 1.6
C18:1n-9 6.7 8.8 6.4 6.0 6.3 9.3 7.6 7.8 6.1
C20:1 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1
C22:1n-9 - - 0.1 - 0.1 0.1 0.1 - 0.1
C24:1n-9 - - - - - 0.1 - - -
Di-unsaturated
C18:2n-6 4.0 3.6 59 54 57 3.1 3.6 4.8 6.1
C20:2n-6 3.6 3.4 3.6 3.8 3.7 3.2 34 2.9 34
Tri-unsaturated
C18:3n-6 0.4 - 2.0 1.4 1.8 0.1 0.2 0.5 1.6
C18:3n-3 9.7 6.8 16.1 16.7 15.7 7.2 8.8 9.4 15.2
C20:3n-6 0.1 - 0.9 0.6 0.7 - 0.1 0.2 0.6
C20:3n-3 0.6 - 0.5 0.5 0.4 - 0.3 0.6 0.4
Tetra-unsaturated
C18:4n-3 16.4 11.8 194 15.8 18.7 9.2 134 14.6 18.5
C20:4n-6 0.4 - 0.5 0.4 0.5 0.3 0.3 0.3 0.6
Penta-unsaturated
C20:5n-3 3.7 31 39 3.8 4.0 4.1 3.9 39 4.2
C22:5n-3 2.2 1.9 2.4 2.2 24 0.7 2.1 2.4 2.3
Hexa-unsaturated
C22:6n-3 0.2 - 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total S&M 58.7 69.4 447 49.3 46.2 721 63.8 60.2 471
Total PUFA 41.3 30.6 55.3 50.7 53.8 28.0 36.2 39.7 53.0
Wild: fatty acids composition obtained from E. compressa of wild collection.
—_ SR Total S&M _T'_ iEI-
°\° [ Total PUFA R . ~ ~
< 100 | slzFe A6l ol Fo7 WA AAR o5
S AR # S, 999 5 49 B4 9BE v
-g 80 (Round, 1981; Lobban et al, 1985). ©]¥ Q9l&d 3l =7
g— 50 o AA Hg w8 MAY A, HortHe AT A
S 2 a5 Aol BH3A BEE o] At (Lobban and
T 40 Harrison, 1994).
& HFAN FFBe AL 2 9Ll FRNE 2 WES
2 20f Boled, 53] 2 J e A5 39 22 AY JFE
©
e shte szFe FHo wetd FF5Ee Jolrt v
(Thomas and Hamson, 1987), o]#H g zlo| = 27| A%

Wild N (1) N (100) 1 (20) | (100) W (R) W (B) T (10) T (20)
Culture conditions

Fig. 8. Effect of various culture conditions on the fatty acid
compositions of Enteromorpha compressa. (N, nitrate con-
centration; I, irradiance; W, wavelength; T, temperature)

B8R ZHO2E 1004M NOs, 343 2 20CE JEh
wol (Fig 8), o1& 249 2§ g d+w FAHA
T}

23 LA 3HA %}%5101 AT} (Lobban et al., 1985). L&A
o2 Audel $El S u, FFEH BFES WEshY
() 6] 28 $EE 209 Fool A2 Fels)
(Chapman et al., 1978).

£ APolN A G A Y] F489 KA 3.56 uM
2 ol HIEZZE Fucus spiralis (6.6 #M), Laminaria
longicruris (4.1 £M), Macrocystis pyrifera (13.1 pM)S} 27
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9] Hypnea musciformis (49 pM)ETH= & 719 HolE Ao
A5k, 22 BZF Gracilaria foliifera (2.5 M) 2 5Z2F<)
Ulva pertusa (228 tM)B T ¥-2 g2 UEHA T (De Boer,
1981; Choi et al,, 1994). E=3F, F2tu}e) wjo} AFES K,

2 033 M=, 3272 Agardhiella subulata R Gracilaria
Soliifera (0.2-0.4 M)} S-AF3H ZH-2 B 411 (De Boer et al,
1978), 43N 227 Chordaria flagelliformis (0.2-0.5 £M)
9% H]5:3 o1} (Probyn and Chapman, 1982), thdA) =%
Q1 Laminaria saccharina (147 pM)BE.Th= 234t} (Chapman
et al., 1978).

dutzo g 4 2 A dig sxsdae R
FYE ol 8ol g Fa AFIH, vxder doe 3
2 NG Y oM E BIESYFIT & Foll HIste] A
Gz HA B2 v} (Lobban et al., 1985; Chapman
et al, 1978). 222, HAY E X7 F-3Ho MAste
%, 598 08 Z2x2H IXHT =20 gAY I ATt
ol 4 T FUEE o] & & U= Ahe] 70 JhE,
WA e} o] 27t AR Mdshke 713 2R Pl
A 7)ol LA A =EFEOR Bl MgEHe 2 V1E
QB ASRE ot R XIS B WY
o2 A3 AgH AR At ojz g WX 5
o &9 AAG xHAY vz FAGe] wE F &
T2 Z713l9 (Hein et al, 1995), AH Ao 2 2 A3
F=3te A2 AZE} (Dayton, 1971).

Be FRAAE ot xFo didd Fo B9
SITh (Syrett, 1981; Wheeler, 1982). =+ ZA4ME 894

My o S

259 A= Ao 4AAAE JERAT (Gao et al., 2000).
B Aol e gAY A4ah 5 AT WellA
Z57t S71EeE @eH Fokshe 284S e S
o, ¢z P21 25%9] FFL 7153 g3l
9] AE FFE 25 HEH USE & T UMTh
=3 ujo} A 257t FETE AAES FV18HA 125 £mol
m7s'ollA HA 7} 1S, ol FUEE UdeE
gt oA dFME Bid v 91t} (Kim and Lee, 1993).
oy, 9uwrdoez 7 sEF9] Hjols 40-60 zmol
m7s ol Az gAo] o]Fojxtia 2 A Utk (Ohno,
1969; Jones and Dent, 1970; Kim and Lee, 1993). &=t3}j 9
AL A 125 (F5: 100 gmol m?s”, A7 100-120 zzmol
m’s ol Ao ANE F5 2 FFAANLo] YERG L
gl e] Ak SdEs 840 mnF 1x25NA {4

© A& MR 3o, 713 2FEAM S 230 AR
NA gdatgz) Y 4 A dBH Us A=
A z+e e},

25 Bt ohe} FAR FRFY Ao DHE B0
$)EH) (Lobban and Harrison, 1994), 24 3o] sj=7-<] A%
o 5% Aoz il RNA % DNAY A4S =33

of
fol
29,
o
o
Hu

HHH, A3 AGE A geslEy] dRE &
A1Z1t} (Dring, 1986; Raven, 1974, Senger, 1980). ]9} #&
o Aade 4 2 FAAUAL 94 A (A&5HRG
QA o] &3}2 o)n (Azuara and Aparicio, 1983), A2}
A 00 Y5 B BB By AAH &7 o5}
ZHFY (Lopez-Figueroa and Riidiger, 1991). 181}
Sasakawa and Yamamoto (1979)= ©A)17+e) AP =2
ZAsgo] vlste] AAE Frol 2318 vlEgHAYS By
tETh 2 A3 gl 2AME RE gl Aad
F7 dolwtevt, A4 (445nm) B A2 (660 nm)©]
4% (5820m) H 547 (530 nm)°ll HISkY] Hoh B&2 0]
o} (Fig. 3B). | AL Ulva rigidao| M #8434 T8 7124
Y EZE (Phytochrome)2] F840] AHE AXH (Lopez-
Figueroa and Ridiger, 1991), F2tulel o] 3-folx H A 4~
L7200l Brlsle] HESE 2L A3 £E75 A9
Fot A AS F Y-S AR 2§ ot b
obe] AL AHMYFoA JA =AYt
Kim and Lee (1993)+ ‘22b48) wjole] o AL 15T
A doldg Bustgnt B Ao E FALE AU
BHou, sTAAE A Asfdde] Jelge ol A8
A A Gl Ba Agte] & (1299 ALHAE 10T o3}
Z Y7 &89S 28T o) A g g M2 & 25
LS Jetdle Ao g AZE, ol 258
L B (@459 )9 W QMR 1 {37} 7hssih
o]z Zo] F, &%, FAE TR e 9Re 87
Z19) et FZu e A Aeld wkge g Yehue
o, A3 F5&0 AFEY HYFLLS dAsle ATS
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