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Effect of light and different forms of nitrogen on the activity
of nitrate reductase of Porphyra haitanensis ( Rhodophyta)

XU Zhi-guang' , ZOU Ding-hui', ZHANG Xin', LIU Shu-xia', GAO Kun-shan'”
(1. Marine Biology Institute, Shantou University, Shantou 515063, China;
2. Institute of Hydrobiology, Chinese Academy of Science, Wuhan 430072, China)

Abstract; To investigate the effects of light, nitrate (NO, "-N) and ammonium (NH, *-N) on the activity
of nitrate reductase (NRA) in the red alga Porphyra haitanensis, thalli were incubated in seawater with
different N supply ( N-enrichment and N-starvation) in the light or in darkness. The results showed that
NRA was higher in the light than in darkness; NRA increased when thalli were incubated in NO, ~-N, and
it enhanced faster in the light than in darkness. There was no significant difference of NRA between thalli
incubated in seawater enriched by NO, "-N and NH, *-N simultaneously and those enriched by NH, *-N
solely. Additionally, NR in light could maintain relative high activity for several hours when thalli were
transferred from N-enrichment to N-starvation. It was concluded that light and / or NO, ~-N increased NRA
of Porphyra haitanensis, but NH, *-N restrained it. However, NRA was not in direct proportion to the

concentration of NO, ™ -N in culture.
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Fig.3 Time-course of changes for NRA in the
N-repleted Porphyra haitanensis thalli
when transferred to N-depleted seawater

A: EREHT
- 2.5 - A:in the light )
=200 N, A
i L - [
o 1.5 * a0 EI(-)I i+NO,”
ZLor . i
g 0.5+ | = \MA A AAA
2 _ooL® | "*l----l‘
5 B 250 BmmART
\‘g 2.0 L B:in darkness :
ﬁ LS50 s | gme | EOUR
o] 1.0 | N-depleted N-enriche«j N-depleted
% 0.5t i
= 0.0

0 3 6 9 12 15 18
I1E] /h time

B4 NYUR-NINE-N YIRS 43 NRA #7381k
Fig.4 Time-course of changes for NRA in the
N-depleted Porphyra haitanensis thalli when transferred
to N-enriched seawater for 6 h, and then to
N-depleted seawater for another 6 h

BREAT,3 Fb 3 NRA %/\ﬁﬁﬂitt
BAR, S AARFFTE 0. 2 pmol NO, - -h7'PY
T, H 3 M HEE BEEER( l@ 4-B),

3 e

REREANTER IS E LR ERMERE
ROFERE SRR F X T I E SR S A 3 |
IRIBF 5 22 T SR o FF Sy AR A R A K
B NR (B EA R E EE MR X AP
SRR, 55K NRA Z 36 LR



94 K=

¥ iR

31 %

(NO, ™) /KF- 2 NH, " 77 .
3.1 xXRAT

IERAE B ARMK IR 15 C OLIRERE
120 pmol - m~? « s DEIEEH A 12 h 12 h &4
T, H NRA Fr 2 31 H 22k (B 1) 5HAhF
ZUGEE NRA WAL AEA : B 5 1) NRA HILAEE
FE By v [ st 2, T L I B PO TG P LA
XTI 2 H i) A B, RILEZE NO, ~ inE 4b 3, 78
JERESE T NRA 7£ 2 h WaliA Bl & w1l , PR 45
HTWE6 h; XFtLE 3 1/ A B,NO, ™ filE ¥
FNYURS M, BT NRA OB TR Z ;1
Bl 4 gz BEEET, AR AL T NRA #ARMK, AT
TOEHRAT LAfR #F NRA #7757, Ho 5 B 7T 6B 2 |
T NO, & Jf ot AT 75 By ATP (424t gE &) |
NADH(fEN B FHbE) fidh =¥k B TG
ER . HE S5t R U6 X NRA A {2
YEFE, 530 . Chow 25 U1 D) %8 F| Y14 ( Gracilaria
chilensis) 2 ¥4 B, 75 % 22 R WG B B 43 il 45 7 10
min F160 min fEHR, 2558 Z I NRA 4 542 5
T 30% F45% , K48 i, B FITLE NR XF T8
A BURR, S E] O BB BRI 3G K NRA, {H A
BEHEUVRNEBIERT NRA hERHFAK,
A 4 b 981 4 U2 26 B8 R B R 1 AR . il
Granbom 2" 3¢ K 0> & i ¥ ( Kappaphycus
alvarezii) WIS G5 RE , TEESOCIR T, HohsR
3100 pmol + m~? « s} ,NRA 7E 24 ~48 h [§
BT BRI EY AT E EvE
RV VR T A 39 22 9 eI, o s T 1k S BREE
AFERMIEE 4 /DB, AT BEBI K O R IH 3R
NR {EHEZ BB TETT . AR IR EEN
N YUKk 12 1 12(D : L) £ T %2 B P, [F 5
fn'E NO, ™ (& 2-B) , 455 NRA 7E 6 h § 73
BARE(ALEK 0 ~12 h Y FABEYSE LN
HX) , HEFGRAELXYU T EAZKMH TR HZS),
ULHAIZ 2838 NR W32 B A Y 8P 199845, H NR %
KPR ) ATP NADH 45 7] BB 2k B B R AL 3 2
RIHEEER-YTEHNRA MR R, Bk, A8
FEREFHY] IR KR NRA BEZ 262,
Bt 32 B AE DB I RT . 2T ORRAA P
THE NR Rkt anfal il i),/ , Mt —2
WFoE.
3.2 EWET

X R E R RN R R R A

KWFFEH,NR 2—MEY T, Y NO,~
I TE S YR BE ) FH = AT LA NR 724, A
TS T B ™ . Amy 2 5% 5578 NH,' -
N M — N JE 5 1918 B 18 5% 3 ( Thalassiosira
pseudonana ) ¥ A #| NO, -N ¥ F & 18 mmol -
L7 F/2 353235 NRA a5 , A eI
P NO, " X NR RKEEFHEFIEM. AP
KREVG IR SRR, X H 34T N YUK—N i
BRI (E 2), 258/ RKP NO, ™ i AT RN A H
BT NRA, YLBIEY) NO, ™ X 12 553€ NR 7
TEARAR B AE T, R 155 S 18] B {5 B0 T
BR, XA RERH TEBEMEAR R, 55,4
W IR 3K 1) NRA AR 5k Edh i
NO, "V B B E B IEA R K R, NE] 3-A FIE
4-ATTLLEF] PR N fnE 3] N YL 57
JK AR B, NRA AT BB 1E — BB (8] Y 4E R385 7K
X RER N TEIn SR A M TP A E N,
LEEFRKAE ) NO, ™ ¥R BE He B R I, 20 B i
NO, ™ ¥ 7] fE < i NR Xf NO, ™ (138 J5 3
BE, T & NO, ™ 5 1E M b 8 i A 7, oKk e
NO, " k= if ,N FEH R K NO, " FH B 2 4
Mg, A R N B R . X TEER N
JE, B 2H T —eBF 5T 3# : Dortch 251 76 1
B 4% B ( Skeletonema costatum ) W & B, 7E 4
NO, " #ER M P EFE TG, A E NO, " 1
I s BE A SN FAARAR ) NO, ™ /K- A 4EHFAR
H R NRA, ABFFE R, MR 53R 3 N YU A
BT REOR$7 1 i NRA, iX 5 Dortch &5 5 45 51
T ARl KRB EARRERE A N, BT iX —
RS BB REEE B & MR E SR RIRE T W3
S A K, EFERXFE SRR,
NRA RNXHIMF NO, ™ ¥ B B 5, [A] it g B
B N ERR/PFFET, IF H B NRA 5 FH
NO, "W EEARCMER 2, T 5 M NO, ™ ¥k B iy 4
HIARIE A 2K 3 R, BT LA, 45 3% I 45 % 3K
NRA A G5 40 ifg P NO, ™ ¥& B A 40 5K 14 B8 4 —
26, M N EERETHA NO, IREHEE—ERN
YER B EHIEE R T #E— 205
3.3 NH, g%

ASCHERFY], 5IRY NO, ™ HOE A LIfZ
HHIRE3E NRA [W1E A, NH, " X NRA 25
FARERIFE- . 5T NH, "X NRA fMidI/EA,



13 WET, % SRR SR E Fr ik BN XI5 550 BRI SRS Y i & 95

DARTEODF IS A i3 #8440 Amy 25 3o 3%
FR#E NO, ™ -N H B e % A B NH, *-N 2y
ME— N YR F/2 s53e ke, 503848 NH, *-N A
FFEFREMR) NO, ~-N F/2 #55Hh  NRA #H
BT, A8, 24 NO; " -N il NH, *-N 3:[F]
fnE s (& 2) ,H NRA 5H A NH, *-N fing 4t
HRE BEER, HMRK, X5 Amy FHHFR
ZERMM . A, NH, ™ B R /e FFH R 2k
AR, Cannons 2™ 7E 8RBT &2 B, 4
HIEFHERRG,NR £ EH B UKE, BHFRH
AEXREMH EF NH, " )5, 7268 NO, ~-N £
F2HE NO, " Y414 T, NR {5 REGE F- ISR 35 (& 3-
A),UiB] NH, * Xt NRA {4 i /E & AT 8 1,
2 EBRIP I S F R, NR {5 BB 46 22 6 LMK B
M, 3% 5 Cannons Z& 2518 AH{

SE 3k

[1] Naylor R L. Nature’ s subsidies to shrimp and
salmon farming [ J]. Science, 1998,282; 883 —
884.

[2] BIR HMNSEBENGR.BERCRILT
BIAERR[T]. W, 1998, 20(1) : 134 -
143.

[3] #EXUbK, ZEN, BE, 5. BEKFHENSE
HMAR[T]. FEEBHERFEFER, 1998, 28(2):
245 —250.

(4]  #hEk=, EHE, £ F, % KMNE
(Hydrodictyon reticulatum ) G H/K R B E SR LK W]
FAERER Y], A5k, 2001, 21(5): 814 -
819.

[5] BUHZE, S, XIE#, & KREZLREEXN
N.P EZERHCRIIF[T]. KEAYFHR, 2004, 28
(3) : 323 —326.

[6] Lopes P F, Oliveira M C, Colepicolo P. Diurnal
fluctuation of nitrate reductase activity in the marine
red alga Gracilaria tenuistipitata ( Rhodophyta) [J].
Phycologia, 1997, 33. 225 —231.

[7] Zou D H. Effects of elevated atmospheric CO, on
growth, photosynthesis and nitrogen metabolism in
the economic brown seaweed, Hizikia fusiforme
( Sargassaceae, Phaephyta) [ J].
2005, 250, 726 —735.

[8] Fei X G. Solving the costal eutrophication problem

Aquaculture,,

by large scale seaweed cultivation [ J ].

Hydrobiologia, 2004, 512, 145 —151.

[9]

[10]

[11]

[12]

[13]

[14 ]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

AREHE, Bl IR ESOCEEAXT ERREN
FIF[T]. Bl22@EHR, 2002, 47(12) . 926 —930.
PEE X, EJ R, HNE, F. 5% (Pophyra
haitanensis ) 22 R7F & EST FIFRBZHAEYIE B
oY), 5 #IE, 2005,36 (5):452 -
458.

Zou D H, Gao K S. Effects of desiccation and CO,
concentrations on emersed photosynthesis in
Porphyra haitanensis ( Bangiales, Rhodophyta), a
species farms in China[ J]. Eur J Phycol, 2002,
37, 587 —592.

Zou D H, Gao K S. Exogenous carbon acquisition
of photosynthesis in  Porphyra  haitanensis
(Bangiales, Rhodophyta) under emersed state[ J].
Prog Nat Sci, 2004, 14 (2) : 138 —144.

Hurd C L, Berges J A, Osborne J, et al. An in
vitro nitrate reductase assay for marine macroalgae ;
optimization and characterization of the enzyme for
Fucus gardneri ( Phaeophyta) [ J]. Phycologia,
1995, 31 835 —843.

Larsson C, Axelsson L, Ryberg H, et al.
Photosynthetic carbon utilization by Enteromorpha
intestinalis ( Chorophyta) form a Swedish rockpool
[J]. Eur J Phycol, 1997, 32; 49 —54.
Borowitzka M A. Micro algal biotechnology [ M].
Cambridge; Cambridge University Press, 1988 .:457

— 465.

Corzo A, Niell F X. Determination of nitrate
reductase activity in Ulva rigida C. Agardh by the
in situ method[ J]. Exp Mar Biol Ecol, 1991, 146;
181 —-191.

Gao Y, Smith G J, Alberte R S. Light regulation of
Ulva
( Chlorophyceae). Part I. Influence of light regimes
on nitrate reductase activity [J]. Mar Biol , 1992,
112 691 —696.

Chow F, Oliveira M C, Pedersen M. In vitro assay

nitrate reductase in fenestrata

and light regulation of nitrate reductase in red alga
Gracilaria chilensis[J]. J Plant Physiol, 2004, 161 ;
769 —-776.

Granbom M, Chow F, Lopes P F, et al.

Charaterisation of nitrate reductase in the marine
macroalga Kappaphycus alvarezii ( Rhodophyta )
[J]. Aqua Bot, 2004, 78: 295 —305.
Crawford N M, Arst N H J. The molecular genetics
of nitrate assimilation in fungi and plants[J]. Annu
Rev Genet, 1993, 27 115 —146.

Amy N K, Carrett R H. Purification and



96 KO OE R 31 %
characterization of the nitrate reductase from the [23] Collos Y, Slawyk G. Significance of cellular nitrate
diatom Thalassiosira pseudonana [ J ]. Plant content in natural population of marine
Physiol , 1974, 54: 629 —637. phytoplankton board cultures[ J]. Mar Biol, 1976,

[22] Dortch Q, Ahined S I, Packard T T. Nitrate 34.. 27 -32.
reductase and glutamate dehydrogenase activities in [24] Cannons A C, Pendleton L C. Possible role for

Skeletonema  costatum as measures of nitrogen
assimilation rates[ J]. Plankton Res,1979,1:169 —
181.

mRNA in the
regulation of nitrate reductase expression [J]. J
Biochem, 1994, 297 561 —565.

stability ammonium-controlled

XIaSE Xk E FR T

(1) £&
[1]
[2]

FRE. MR M]. 5T AR TAE H itk , 2001 :80 - 90.

International Federation of Library Association and Institutions. Names of persons:

national usages for entry in catalogues[ M]. 3 rd ed. London:IFLA International Office for UBC,
1997.

(2) 88Tl

H KB, BRAAMR, XUA , 5. KPGET SRR R T x BT NI R B MIRE &8
[T]. AKF=24% ,2006,30(4) :433 —443.

(3) L&

i B BTAREEERS ERUHT 2830 A [ C. Ul hEH SR 0 I,
1994.

(4) it

BB WEREF MRS HIE[D]. Bl E¥K™ R 1240083, 2004.

(5) MEHHE

VIR RN ) IE S RS A AR LBB oA [ R]. Jbat: IR R BB R AR BT 5T
B ,1997.

(6) BB F 3Tk
[1]

Christine M. Plant physiology : plant biology in the Genome Era[ J/OL]. Science, 1998,

281:331 —332[ 1998 —09 —23]. http://www. sciencemag. org/cgi/collection/anatmorp.

[2]

Turcotte D L. Fractals and chaos in geology and geophysics [ M/OL ]. New York:

Cambridge University Press, 1992 1998 — 09 - 23 ]. http://www. seg. org. /reviews/mccorm30.
html.



	90.pdf
	91.pdf
	92.pdf
	93.pdf
	94.pdf
	95.pdf
	96.pdf

