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TR, 5 1 ARG SRS IR S0 A5 AR )
(800 1x, 10 pmol/L, L-N-#1), % 6 K s
FEAA R IR ER B2 R JFOI AY 800 Ix 14 3000 1x, Hir
(1 3 AR FE R I UK BE R FEANAE (3000 1x,
10 pmol/L, L+N-2), [FIEFekAs 5541 3 1~ EkHE 546
IR E IR R 500 pmol/L (3000 Ix, 500 pmol/L,
LAN-+£), 528 R 3 J8, W K B e 1 YK
FEAEC R G RREE SRR, FH T e 238 vl i
P (SP) . & /K E (water ratio) . ] JAETENH(SC).
LT H(PE)LL K4 % a(chlorophyl a)fy &5
WIE, VAR IREAE 3 Fh AR T s AR
OGRS =ML & IR (GS) . A% B 1, 5-— 1%
T2 ¥8 Ak i3 /i 48 i (Rubisco) Al 5 K B B A -1,7- —
IR B (SBPase) 1 2 1 R IA 1 L .

122 WRAMEAMNE MEEAK 05 ¢ T
WFk T, BT OB 3 AR, B 1.5 mL
WERR 2% PR T U A) 3K, B HA R 2 mL B
#rh, 4°CF 12000 r/min &0 20 min, FIE R
FH R B LT, FIE R ] R A,
AL PR R o D SR R % 7 W (R et
WA TR BT i A045),

1.2.3 SKRERMNE I A 0.2g HHET
FF-I i C S UERE E (FW), R HE T
HEAE T 60 CHE = EE, MR T &
(OW), AN k=D

1.2.4 BEEENERBEEESE R STHS]
(735, B 100 ng/L o 5 25 55 8 53 S0l 7 B
i 0 pg/mL, 40 pg/mL, 80 pg/mL, 100 pg/mL,
120 pg/mL, 160 pg/mL, 200 pg/mL 7 A [E)¥Hk i
VAR, B 1 mL B BEARMER AN S mL R
W, BEKTE 10 min, RHEZER, 7€ 625 nm
W R eE, ZhlbrEfhZe; B 0.2 g it iy e
¥, WARKHMERAIKEET 10 mL 2048,
JA 8 mL ddH,0 80°C/K¥# 2 h, #&J5 5000 r/min
B0 10 min BCEWE, B 1 mL BWEMA 10 mL
ddH,O (RIFiEE 11 £%), RIS AT rERERERG BT
XA, A 1 mL JE, 5 mL BEE R, Whokis
10 min, B EZEUR, 1F 625 nm M E WGIE .
125 BAZAMMEE aIlE HOEAM

x100%

W7 AR SCHk[6]/ 7, H 0.5 g e Fibek
IS OB K, A 0.1 mol/L. pH=6.8 HyBEM: 2%
M 1.5 mL 43 3 IR PEEANRR IR R, RIK
0.5 mL, H&UCKHMIATE I RIKREA 2.0 mL
BHNEEOE T, 4°CF 11000 r/min 250> 30 min,
FIEH T L E A E, 32 564 nm, 730 nm
618 nm ZbAYMROGIE, BELLEE FHYKE R-PE(mg/mL)=
0.1247 [(Ases—A730)-0.4583 (As15—A730)]XN, N N Hi
BEATE, SRR a WIE: K R B O UTTE Y
B, in 8 mL DMF (- H 3£ HI i), 4 C A£H 24 h,
6000 r/min %[> 10 min J&, BEHL 625 nm, 647 nm,
664 nm Ml 750 nm ZPWIEME, 4R a & E
p(Chla, mg/g)=[12.65(Ass4—A750)-2.99(As47-A750)—
0.04(Ag25—A750)]x Ve/(Ix W% 1000), Ve A (DMF)
FIARFL(8 mL), 14 H AL Y648 (cm), Wk Bt B
R T HE(g)o
1.26 HEAEEOUE HREOESE 0.5 ¢ T0F
Phrp, BFWRA T U 3 WAl AR, 1.5 mL
2 W22 v (B O 9 12 97 7Y 25 mmol/L Tris,
1 mmol/L EDTA, 1 mmol/L DTT, 0.1% -#i 5L 21,
1 mmol/L i J5 AU 45+ bk H Ak, 10 mmol/L MgSOs,
5 mmol/L % &R, 2% PVP, 0.01% Triton) B i)
K, K HERET 2 mL B0 W, 4°CT 12000 1/min
Bl 20 min, DIEWREBIBMEOE S, L
W RN A o GS. Rubisco. SBPase TS HE
(A 7 >R Elisa U &, W B bRk S 0 %= 1k
HAERAT
1.3 EHiEAE

45 S AR A5 i AR BT EDE 8K GraphPad
Prism AL, Geit=#Rm R RN R T 225081, 7 o=
0.05 /KP4 725 5 W PERG 5%, T SPSS 19.0 SE L.
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21 AREREKE M REE X 253K & BT
A

TE L-N— L+N— LN+ 8577 1 E AT,
R E AR & =508 47.67 me/g.
36.92 mg/g. 68.94 mg/g, L+N-ZLAHX} L-N-4in]
R AR T 22.55% (P>0.05), BEIATERIR
— B SRR T 45T i G BT R 20 S v i m i
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HEHE R, i LN+ AR L-N-4H T} 44.62%
(P<0.01), FHXF L+N-4 I Tt 87.44% (P<0.01) (&
1), VIR A N AR A R N LR,
1 G FEORHIR 2808 7 1) R 1 o o — e )
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i B L+N-

';".?&é 80r = LN+
o

m%.g 60

& &

o2 40r 3000 Ix §
2

¥

IE? 1

0 2 4 6 8 10 12
FEFmTE]/d cultured days

BT AN[RI A B Je 205 mT o 1 2 1 5 i R
Fig. 1 Effects of different treatments on
the soluble protein content of Gracilaria lemaneiformis

TE L-N—, L+N—, L+N+ZH 555 1 &4 F,
e IR - 34 5 K 3 R 82.83% . 79.06% .
81.94% . AR FMT FAKRBEMAKR, H
LAN-ZIAHRT L-N-F /KR R FE(P<0.01), 1 LN+
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LAN-ZH I FF+(P<0.01, & 2), UiBH &GRS 80k
TR EAKCRI TR, 1 78 2 19 05 BB PRI 3 1A 1Y) /=
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Fig. 2 Effects of different treatments on
the water ratio of Gracilaria lemaneiformis

T L-N—, L+N—, L+N+41 555 1 A&,
T e AL R R & B4 167.87 mg/g
190.81 mg/g. 159.68 mg/g, L+N-ZHAH* L-N-41
AR SR BT 13.67% (P<0.05), BI7EARA 4

T, o IR e 20 SRR P G nT i TR R
ST A RUR— 8 B 2T ' B A5 e A A AR
WHhnos, OGRS 2B, A Rk [F A R N
[F] £ et ke ) 52 B BR ;. LANHAEXS L+N—ZH 7K
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77 40 78 ZE U AS I o] R I AL 2R

N
1%
(=]

N
S
T
Il
n
Z

AN & B/ (mg-g ! DW)

soluable sugar content
—_
W (=2 W
(=] S (=]
T T T
© [

2 4 6 8 10 12
FEFERTE)/d cultured days

3 AN Ak BEGS e Z0055 i P 5 i ) S
Fig. 3 Effects of different treatments on
the soluble sugar content of Gracilaria lemaneiformis

TE L-N—, L+N—, L+N+£H 1595 1 AR 54 F,
AR E A& =S58 6.43 mg/g.
5.14 mg/g. 8.54 mg/g, L+N—4 (I FELT 5 11 & &1
ZE R G BB TR Y, B 12 KIE
% 4.27 mg/g, T LAN+LHTES 8 Ko HIBELLEH H
Fri A L-N-4155 4 Riiea & a S| t, IRk
BRICAFLR, AT BE S P A R 6 B R 20 5
IR E R TR E AN RS, M
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Fig. 4 Effects of different treatments on
the phycoerythrin content of Gracilaria lemaneiformis
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Fig. 5 Effects of different treatments on
the chlorophyll a content of Gracilaria lemaneiformis
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T L-N—, L+N—, L+N+41 555 1 A&,
GS 73584390 1.97 U/g. 1.90 U/g. 1.59 Ulg,
L-N-FI L+N-4 GS 3k & Jo I B 2 5 (P>0.05),
1M LN+ L-N—F1 L+N—F [%%) 18% (P<0.05)
( 6) XULHHRAE GS HRIAERASZMTZ
FHH, X ATAEEN GS MIFIAZH A HLA A
e RO R T, IR B L+N+4 GS 3R
NE R, L-N—. L+N—, L+N+ZE 5400 F,
Rubisco MFRIFEIEA XM E 2ZFMEE 7), M
LN+ A% L-N—F1 L+N—41 SBPase A ¥ .19 F
F%(P<0.05) (&1 8), XULHI-R/RSCAEHH 1, 5-
P52 A% i B8 (RuBP) 19 54 32 2RI, XA LN+
AL VRS & 200 F B A — 3 (& 3).
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Fig. 6 Effects of different treatments on the GS quantity of
Gracilaria lemaneiformis

=~ 04r
b0
e
% g 03}
=&
& 202l
S5
5
&2
#® 0.1+
1]
v
L-N- L+N- L+N+
AbFE4H treatment group

K7 AFAL X RS AL B 1, 5- B RR Lt/
PIENZ 37 il
Fig. 7 Effects of different treatments on
the rubisco quantity of Gracilaria lemaneiformis
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Fig. 8 Effects of different treatments on
the SBPase quantity of Gracilaria lemaneiformis
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ke A R BT ARBIESE R, LAN-4LRI X
L-N-2l il 2 1 & i MR 22.55%, 1 Al ¥ 1
Wi BT 13.67%. Ui BH G IR A R T
iR, & AW A s, MR LA R
HmE 1, | 3), LEN+HAR N2 il i PE &
H LV 87.44%, AHXTT L-N-4{ ¥ 44.62%, 1M
LAN+ZIA X LAN-Z Al K TR T 16.3%,
(F 1, B 3). BEBA R G 1 AR T 22 i e
S R 0 30 500, S AR 1 S IR Ak R T e
I B R R 2 e & =k A i e R R AR,
SHEOTIE RS TR ok ! ik 7 —
FE B 6 IR 21T AR AL BT B F B e 5 B R
RAL BRI F B (IR R, X A5 o ml s v
BEE R AR A — B BeAh, AT TR T R
PE ARG AR M, PR HEEAA
HAR R A SRR, AT R R A YRR T, X
Ve AR AR EN S B 2 AT LI 2840
SAE L-N—. L+N—. LN+ 332 & F & k%
I35 K 82.83%. 79.06% . 81.94%, #%4H 2 [A] Ay 78
AR, HEKBIEARMRRRE 80%Af, X%
T AR T — AR e AR 8

SRR AR F AR AL R A T8 BT T 2 fig
H, MR, A mE RS TRk
Jrm s sz B R G, B8 O A R Y G HE
VA TR G AT 2 BN o5 — 5, SGhRE S
WA RE S| &GP0, B2 E8OE A P 2 6k
o R E kISR A RS (PSP
A VEA, (A Y5 A e 2 A IEET, 3
e LB A R EAMEE NS5 PSIL G
42 WA T Vi 2 e 1 REK 8 A 7= A g R T
ERY T EEOLA AR SRE a FINFSRE b,
MLLHE . W P A B e i G A e 2 e IR 2R
HFMa R a, ZFPEEIRE AT LI &
F1 o ) e R 21 B R 1 i IR o A 7 23 2 A i
(AN T A B R 5t JeRE R T
AR T ity 1) 8 21 B AR AR, AR 7 R N BT R 1 —
BWEEAIMREEA - FE o, frarg
iR a (VA AF] 20%25 43 PSIL, i HiAb
HLE A F PSIOGA RG 1), FrLIsELr i (A -t
£ a MEEAEARPDLERBOR D IR R

BEMK, LIN-AEEaE A& aErzilEmt
ZIERRFE TS, M LN+ TR T
RUR, R FELL R A RO A5 8 — o B R R
RE 4), NI gt 2 et vl B & R
N PELL R 5w AR E O, L+N—2H i s AR 2
Y] L-N-S20 (0 8814 K, 218 E R
FE A, 1 LANHAAX) L-N-Z 2 AL, Xk
SRR R LT R A R it e AR T R R R
BAEAMMSE a HFAOLEAETE TR, X
WS e B e R B G A RCR UL RO G RER B
R, R AR R AR P ARZA T mt
FE PR 608 B T S L P R B Y T R R
WIS FFTERAEAMIGE a LA
RN BRI NG, H 208 AR R — Fh i s
FEAERTE PR TR, XA IR &
JERAETT PSIT RGO FE B AN e fr ke -1,
PRAUE T 205 AN 32 Sl
32 AERREFNEEEX L MFHmRA NG
KRN M

A 2 e B BB (GS) 2 AT AU G ) O B il
GS ABRFTCHL NHL%E Ak Aa BLI 2 S Bk e DA fil
15 R85 v i LR A B4R P R 1 A A AR
LAN+ZH AR F L-N—FI L+N—4H GS 35 & N4
18% (K 6), AWFFE NG LI GS MG 76 & A/ 5k
PER RN BN, AT fe Rt TSR GS 1Y
Y NHA 72, RERIAES GS AWk & s
WML (Gln), X ATRED B T RPN GS My
RAETERIFEG K, M- Pxt GS WEE K A7
FHPERT K L+N—2H GS kB AN L-N—2H 3%
BRI RN FFESTE, BRERER GS
(1) 3235 4% 2 BRI sZ ), (H 25 5 3 BH Bk I
Rl - AR X 2% GS 192635 38 iU

RIR XA (calvin cycle) XFR C3 &A%, Sk
[ A AR, HW A B RuBP (1, 5-Z 8%
R AR T 4f, RuBP FHAEZ5 3, Rubisco #EfLF
IR SCAE I ) 55 — A s v B4k CO, Fil RuBP 78
B 4311 3-WE R H MR (PGA); SBPase(zt K B
A1, 7- W)W AL 7E RuBP FHA: P-4 55 11
PE, ¥ IR SCHE IR R ik A 3 i o MR 7
ATLER], AFEGHEEAFT Rubisco MRILRIF
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ICE 1) (FEAR AT E 2 A T SR L K&
LAN-ZH iy nl s RS (B 3), Uk B e A0 1) ik
AUFTE R E A T 258 1Y, {1 Rubisco M3
NI A R 2= 5, XATREZ KA Rub-
isco M7 432 Rubisco G fLHF(RCA) T, HE
L B AT ATP, o8 ATP >k H TR, Fr
DAY Rubisco M E]4234% 770, dumh 2 w6
MGE R ALE 289 ATP ffif5 RCA #47% Rubisco
FORE P, URIHYGIENT Rubisco AIETE 2 BIPR)S
JKF |1, SBPase 4 7F RuBP H-AE S i (1) 7 2
L+N+ZH A% L-N—#1 L+N—4H SBPase 7 9 i F
F%(P<0.05) (&1 8), KW T YA 1R ™A i —hik
A YRR T R AT F 2w T AR

T R e 20 3 — MR e 1 2 e K, 28
WIRE KSR, 7 —E R LR,
BE A 0] DL e b A i K A i R, il g
SEAE T W Z A AE 2 R R, X REA A TR0
BALIIVEZS s R F (PN A= i 4] SR = =S
TR T 38 1 D B A T AN S B 1) R B DX AU,
Mg A HAE YDt IE — %
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The effects of light intensity and nitrogen on the physiology of thered
macr oalgae Gracilaria lemaneiformis

ZHANG Qingfang, FENG Yingqi, WEN Jinyan, ZHONG Mingqi, DU Hong
Department of Biology, Shantou University, Shantou 515063, China

Abstract: Gracilaria lemaneiformis, which has rich agar, comprises the third-largest seaweed cultivation industry
group in China, after Laminaria and Laver. As light intensity gradually strengthens in summer, G. lemaneiformis in
the surface layer of cultivation areas becomes green, or even white, yet the internal part remains dark red. G
lemaneiformis was cultured in artificial seawater with inorganic nitrogen (NOj : NH; =2 : 1). Three conditions:
low light low nitrogen (L—N-), high light low nitrogen (L+N-) and high light high nitrogen (L+N+) were settled in
this study. The impact of light intensity and nitrogen on physiology and metabolism of G lemaneiformis was
studied through measured matter accumulation, photosynthetic pigment, key enzyme during carbon and nitrogen
metabolism under three conditions. The results showed that, compared with the L-N— group, the L+N— group
showed decrease of soluble protein, water, phycoerythrin and chlorophyll-a, but the amount of soluble sugar in-
creased 13.67%. Compared with the L+N— group, the L+N+ group showed the increase of soluble protein, water,
phycoerythrin and chlorophyll-a, but the amount of soluble sugar decreased 16.3%. Compared with the L+N+
group, the L-N— group showed the increase of soluble protein, phycoerythrin, but there is no significant difference
in its amount of water content, chlorophyll-a and soluble sugar. These results confirm that a sufficient amount of
nitrogen can weaken the negative effects of high-intensity light on a red macroalgae.
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