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ME L E E TR ( Gracilaria tenuistipitata var.
liui ) kR FINEBESERN "

xNE EXHRT BEET

(FEBHAY HEBK=HRHELALEE FE 260003:;EFXKEEYTEEKE HEiT 361021)

NPEBRAY HERATRBELALRE TS 266003)

THEREREAMTRFAAASER SIS TAREESTEE LR 100003)

RE IoaXIEEBTRELRWAGTELAEROXR, 2N EEEANL . €F . 4T
FINPCE)RKRAABATHWEALRE SRAMAERXTIELHTA LR RAENZ B
FUREAGBRXIELHTRHANPFS WRKG I FHMLE, ERXA,ELRHER 0
KB P(EARFAMERE N 4SInmol/L) , AETEHA LT RN LEFECTATHHMELR
HHEANELXREEHREAEE TR, A4 ERATBAN 52600, tREPELES
BN ANBAN T 9% 33.8%, H4RAZRABFT AL FH N:PLhLHEH 29.53
BEAE 23.68, T C:NHWE/LPHRFET, WA KEEAL T4 EEEEZWENE 4RH
FERBARRETHAARAABREZATFACENEH  AAAHECES  LERT S 1A
GUNWEAERRBEZ PSIIPSH BK, ZEESRHAAGET(HRRHERIOR) , w XL E
HFS AR RKENBAEHE SRASEIERUEENAN SRR GERTRF
UBH4BRKERTRFNAWEARH LA X HELUNO, N - R BRHATEREERE,
HAUNH NAHREHINRF SN RREZTAZATEUNO-NARBENNRPHERKE
R, 4MEAETARELY M TAXTESE SO R KD, A XA NOT-NHREKEHER
Ry EFRARKER(V,,) BEASEAS 33.4%
x&iR HHRITEEHETR R LB LESFERN
hESEE 0945

EHABFEEYQFFEY M RRER) AR
MMBET NN EZEFRTERR, AMIBIREEZH
A BEMEES KRBT, Manin 5 (1988) HiK$#E
HEA BRI ER PR RGER. KE%
RRWIBP-MEZNHRBERTER, BEFHIE
HITAAERAME AR N Y HLRTE, EM
ZENTRIBPEREL AT LH, K HIAA
gAY B BB A E ™ EZ W\ (Raven,
1988; Milligan et al, 2000), KXW HAMREKNE
BEHLAETEXNEMKM RS BEER M.

REFRENKHTRREKEBKPHHFER
2, BRHY 3% B2 AT BE BR ) — 2435 3 19 4 K (Martin et
al ,1988; Boyd et al, 1996; Timmermans et al,1998),
Evans % (1997) X ¥ I Fr SH b 3 \ AE S AR M1 R 410
BrRRY, THMANE S 'R FREYNEDR,
FEREME RATEERRED  KHEREELR
9 HE 7= 3 ABE 2 TR B K, CO, R AR b i S f
YEF(Martin, 1990) . ABFE R, BHEKETRBEHK
M A B HE Y KR (BESURS,2001) , AT REFR M 77
U Y XT g E BROK T B S R U . BRI

» BFRESEMARERARINE,C1999012011 5;BRAEFTERFE L TEIH,397250239 5 BREEFTERHA
A EIF U E ,2001)049 5. X7 XK, BIE B . E-mail: jwsbch@163 . com

1) BIRMEE , B, B4 ,E-mail : dongsl @ ouc . edu. cn
Wi B 3 :2002-10-22, W48 R H 38 £ 2003-08-25


http://www.cqvip.com

168 i3 e

5

D000 http://www.cqvip.com|

i B 5%

MMERE S KRB EBRRNCA T ZHR
(Doucette et al ,1991; Sunda et al, 1997 ; Marquaret et
al ,1999) , 5 R FH KRB TR FEEYNEK
M EBOF AR, FHE G ERARI TRIFFR
ERANEAF T, &5, A RKBEHER K
B 7 R HACH BF 3% & 2> (Manley, 19815 Suzuki et al,
1995) AR U KB ERAE L EEH TR
( Gracilaria tenuistipitata var. liui) J3 ¥ 8, T E A
it 4k B ) B £k 3 A A2 RO FFALE .

1 BREAE

1.1 BFANES . TEHAHNAEREENES
1.1.1 BFHEME  FHAELRHAEATIEK Aquil
B5 IR W (Morel et al, 1979) 4T I BEERE S (P
NaNO, Fl NaH,PO, - H,0 B ¥ & 4 5 ¥ % 2] 250
pmol /LA 15umol /L, 3£ LA NO; -N £ K it — RIR , B
HEEBEL) . Aquil BFRMITA KR AL KA E
B 4 4k ) 8 4 I B F 7K (Millipore- Water) it & 1% fif %5
WOERBEN B P ERINER LT EIE, EfF
A, e E—4dlA(RHETEM S EF
3 #tE (chelex-100) , IR B R LR T HE TR
MAK BEMEEHNEESRE TRENEZHEM
(B RTFTREMEBMS) TR ERLMK
BEFSH. FHARTMARKETEM EDTA (F#
BAEBRNARKESEPT 5x10° mol/L, 2 EA R
30),

1.1.2  MRORIE R B B R A A
REEEE HPEBFREBFENERERE
AEFRA, LRATTERERAP ERBERN
25°C . #h K 21 .pH=7.8 L & 120pE/(m’-s) .
JEFAME 1L 13D M&AMTEMEESF 2 A

1.1.3 @M s 5F BT T AR A EE
REMKMEY ARBEHSEILZKENATE
KIS Wue Bk, RIGEEFR1E 3L MBS P . B
&M BEHR 25C HRER 21 pH=7.8 NHHBE N
120pE/(m*-s) JEARIA 11L:13D, LI F T A LR
HEEAMHY SR, BETLRIATEATEKS
BEF 0 R [SHEFIBHAKKE HATEK
#t Fe-EDTA (B 8%) BIW R R 9.02umol/L] 6
1.1.4 ZKRHEEEHER iAW ERARY
L3R B AEE T 50% HCL.50% HNO, #4371
# 3 K, A # at 7K (Millipore-Water) Wk 8 1 K B f5
16 25% K9 HNO, i1 3 X, gk | X, 3B Tl
EHEH. BEEREHNTHABEERVNETHE

HHEERRRAERONEY , REHALE K
T BEBAKPREET TR EATEK
BHRBEHBRIHEREN P, ATEKEFREFMA
0.02mol/L #4 #7 % BR-EDTA-T * & 7 (0.02mol/L
TiCly, Na,EDTA - 2H,0 il Na;C¢Hs0, « 2H,0) ( Hudson
et al ,1989) LUR R ER £ BIKR R A Fe(ll ), #
WHESHER (S HE)B TS SLERAMALE
KEFBHRZHEEFRMP R FREENEAT
7K 1 Fe-EDTA # £ 24 451nmol/L, fl 1mol/L HCI
5{ 1mol/L NaOH ¥ pH ) . % BETEZFRHI L F |
PELEF O K, BRAER-KERE, B4R 4
MFTEF.
1.2 BEREMNEKEREASF NP .CHFeSRY

qE

£ 60 KRB LR ABT, NBEWFH, B8R
IO RNEBENERNAAPEH TR KFEHE
(BB E S B4 9 8. HTE BT EHE
R ILERE, BEABAKMG®RE, 20K TR,
BHEF it 20 BRI, R 0.2g TEHHER K
45 ) 170 4 i AR P I PAOR AL JE SR L KB TR IR I
BMEEN SR, AEEF KM EEKRELE 60C
T T4 % {6 5 (24—48h) , A ot K 43 71X (PE-240C)
MEARF NPH C CEHNGE,
1.3 ALGHERREEEHSBONE

SR FERRHIEFROBB S RE (60 X), ]
FEHEEREEFKMEE, T -20CRFLN,
FRELZY 0.3g ¥ 3, F 8ml 6mol/L B HCl # i #,
105°C T /K% 48h, R R Z& T /57 F K, H 5L 853-50
RMAEXBRAI TN E. F5HA N N-_HER
BERE MBS MR E rP R R I BT E R R ot
%% % (Chl) #1 3 41 & (phycoerythrin, PE) , 3 M E H &
B (Liu et al, 2001), BB H 5 T (60CHER
24—48h) 3Kt T/,
1.4 EZRMYEEMEBENABHORE

SR FHREEHEM 2 BEX AR ERE
R T BOE i A6 AT RIE . BIRR KO
A £ K Al UVIKON-943 %€ 5h- 8] WL XUOER 47 K B
T R EH 0% W EEBREFHERR, 81
HAERENE S K. A EKEESN 360—720nm,
RVE 7 6 & 5t %% A B ST F4500 3 364 % %
o RRNRE K EEREYIBEERN 2mm
MEREBEEAE REBEABREHLER Y. XA
113 & P 1 N 436nm F1 560nm, 5 4 ¥#5 3 T 8 BUFE: 3



http://www.cqvip.com

0000 http//www.cqvip.com]

2 # X #E % AR E EH TR Gracilaria tenuistipitata var. liui YRR G B 4 R¥ RN 169

K, BMEREEME 6 K, 45 %A Orgin 2217
Vol
1.5 SkRRBX & BEREF BR# I

433 TR BRI AR 55 A 30 Kl 40 i1 &
EHE RN NO; NH; 1 PO3- BYMRLED F1. MRk
TE Aquil A T /KIFEFE S 1T (Fe-EDTA Bk N
451nmol/L), = F B FF 0 K FE & 5 K
NO; (NaNO;) By #& FE & Hl 6—65umol/L, NH;
(NH,C1) B9 ¥ & 75 Bl 4—65umol/L, PO; - ( NaH,PO,)
B TL ) 1.5—20umol/L, H—WEMKE R =1
HE R —AARBEENE, AT NO; WUy
F B E NO; AIBER, BL(2 +0.005)g Y & 3%,
F 500ml = A E I (& 400ml 55 5 W) 78 17 Wk
TH . SCE IR BE L ER B ROL BRGR B B R 25°C (21
M 120pE/(m? +s), T % BB 55 35 40 b 5 22 W Uk 24h.
S B K R U3 1 ¥ S HOF 1T 8 EF M7
1.6 ZKRFMNAZTIEERTRI Fe(ll )RR

BE 71 B 5Fe MR U B 11 45 1E

433 TR BRI A& 15 5 30 KAEE 60 Kl &
METTEEB BRI Fe( I ) B EFHE S, 8RR H 59
P86 A ES 30 K € %155Fe BIWR UK B0 77 .
1.6.1 Fe(IIl) it J5 BE /1 49 W & Fe** -EDTA i)
R T4 O M Fe't 5 BPDS (4 — &/ 2
E)E RO EiEY Fe'* (BPDS), M & KitH
(Anderson et al ,1984) . K5k BR fil] #0135 BR ] &9 40 371
EEBERTWER 3—S KOS ER TR &
BMALHEKFEFBEPFIT NP £EHEER
(100umol/L. NH,NO; 1 12pmol/L PO~ ), K Ml &
Fe’* (BPDS), WMIE RIBMT B ER . 2 AR
Ml SIERB A HL Sg(#F), B T 500ml R ¥t 1t
BE ALEKARAEEFRM b (Fe'* -EDTA WK E
H 2umol/L) , BRJG M A Sumol B BPDS, & 4 3 4~
T, 7B FA D3 240 [ IRE R 25C, LR K
160pE/(m*+s) ) JE BEE SR WA 751 bR X E T
535nm FHLE(ALEKHESH).
1.6.2 *Fe WU zh f1 98l & o1 7 T K KR
B (+ Fe) M 30 K (- Fe)lll @ MEVTE B4 T
RN BRI SN 1. RRW LR BERMBTHNE:
(1) ZELL NO; -N mHE— FE M A LK A T
FTRUL( + Fe, - Fe/NO; );(2) ZELL NH, -N K HE—
HBEH N LIg KA T #F7RUL( + Fe. - Fe/NH; )

(K N ¥ E H 60umol/L, P BY ¥k A 3.6pmol/
L) . BRWRU R > Fe ML B L WE, PFeCly RE
B [ 452 28 28 W) 7 il (O ST P 3 BE 7 10mCi/ml, S Fe BT
GHEREMNLE R 9% , B @ AE 0.05mol/L Ay HCI
. A 0.01mol/L Ay HCI X 3 5T B #H 1T B W B,
RIEHBAKHESRG. BEEREERLHES,
FCA 100ml 5 Z 4555 IR (& S0ml 2k BR il 3% 37 19
ALK T WO S0 50 A3 B 3% 35 24h LI D H A
A A% RO B S0 20 SR VT R AR R B R S A
(K#y 2em), T 50ml BH MR HEEFRMP (&
25ml WY A o) TR, SRARMERE
®EE B RPERINA 2500 6 B BCHIE, R
J& A M BE A 250umol/L B9 A 45 i R K FeCl, -
6H,O, (# HIE B LA T R 5| WA 4 & Fe-EDTA ¥ JF .
0.05.0.1.0.5.2.0.5.0,10.0.20.0umol/L, & > ¥k &
MW 3 DFIT, IERME, THRERFEARER
NEIRK L RE RSB 4h(EHE TR EE
SR IR B AL BROR BE ] Fe MR SCH) . WRIKREY
FUG B AR A 50ml F 7 0.02mol/L BY Ti** -
citrate EDTA B9 A ¥ 7K A B o K5 38 {4 35 1 % Bt Y
BB & A E T 20m WA, WA
30% HY H,0, ML B N NCS & 25 76 2 7 fif 1K
HA AR ED TS5, A 10ml B 0CS
(AR T 35—40 CK I B IS T & M 24h KAWL /D
BOE AL F RL MR KER , ER I 5—7 XL
REMBFBROBENE . REREYME, FHMRIER
BHEHFITEHEKXKRE. FHITHBER 38% +
1.2% BT AR EEERERAET 5%, RIK
NN FSHCRAELE R/ ZFEHFITRHIATE,
2 ZBHER
2.1 HRHUAETIEESRTHERN Fe SRNTL
REEKEZHMXR
METEERTRAL P RS ESERH 5
Fr it Ia] 2 (6] 2 48 $O8 9, B2 85 A9 578ug/gDW (& E
30.4pg/gDW(E 1,P <0.01), XA RERH THAYE
MM AAP N EFENEREERBENER, X5X
HIOLR NSRS R0, SRR & Hm, 405
IEERTANEAERKRERETE, SAR DY
SEERENEMEX, BERMA 6 ARG, AR E
EHTRAEREFEEHRBBARABENRELEZER
T BERHERE KV RE,
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6 _ 2.2 HRESEARNNP.CEREEZELMEDN
o SGR 800 4
p”L X Fe&E g FERRB S BP AR E ERTHANPREA
E ¢ r600 T, (TN) BBk (TC) FLEBE (TP) 7K ¥ 397 A [F) 72 B 8 e
£ 8f o 2 E.TC AL S A AR B EKF, TN B
S ? 400 'if; 3.28% M % 2.02%; TC B 28.21% [% & 18.30% , TP
ar oy & H0.25% %% 0.20% . f£ 60 KISk B &P, 4
ol l 200 HITE B R AL P NP TR, TC:NLFRR
SRR FisE NiFe & C:Fe H RRBEN LA (R 1,P <
0 20 40 60 0.05),
¥ 6 E)/d 2.3 HRHUSESPAEINERTRENEER
EEERSERNTYL

ey RES R SR E A SR RRLR SR
Fig.1 Changes of Specific Growth Rate ( SGR) and tissue iron R R R L2 SE MR, T HAE R

content in G. tenuistipitata var. liui during Fe-

limitation n = 3, SGR = 0.0162Fe =% (;? = 0.9486)

HMHET 10 RE HHE  BEEHERIK, 45 AER
FFAESRMKE, BAUEREKBTHAR 33.8%, 1
BESBERANBHAN 7.9%(E2),

Rl FRINAETIRERTHAATETRIBHIVE

Tab.1 Effect of Fe-limitation on elements level in G. tenuistipitata var. liui
m H % B 4 2R m A xt B4 2R
SGR( % /d) 8.54+1.09 -0.05£0.03" " N:P 29.53 23.68"
Fe(ug/g DW) 578.2+52.6 30.4:£10.27 " C:N 10.06 10.55
TN( % DW) 3.28+0.41 2.02x0.32" N:Fe( x 10°) 0.22 2,65
TC( % DW) 28.21+1.53 18.30£0.56" * C:Fe( x 10°) (EE/R H) 2.24 28.03" "
TP( % DW) 0.25+0.03 0.20+0.02
E:"P<0.05," " P<0.01,R4F;RPPERATFHE L . n=3, K4 K5
2.0 . —————600 600 ————————— 60
s MHREEEy HOKAE, b o
£ s} Fe & 5 Fe i s |45 8
= . 1400 2 400 s
E ' a0 1 E
W 1.0} Ey ! 130
40 X { = Y
e Cy 1200 B 200 l "
® 05 ' ° | | ¢ 1 {15 S
= ¥ % ' 1 = L ' 3
1
0.0 v v ' l ' 0 0 . v v . . ! oo
0 20 40 60 0 20 40 60
et El/d 1wt 1Al /d

A2 SZRFASBEFARTEESRTENGR FORRSHAKTRNOTA

Fig.2 Changes of Chl,PE and tissue Fe content during Fe-limitation in G. tenuistipitata var. liui

a WEESERSESEENENEL:D. BAXSTER 5B ERBMNEKZA
n=3; Chl=0.0883¢>%*(r?=0.9411) ,PE = 1.3116¢" **'**(r* = 0.9691)

C B e ey it + 1 e e T e A
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R2HERER, BREEFR 60 X, AR
BEETRHAST SHEAEREBYEARBEE

MRS, BRAERGE G RAM 83.7%

2 gRUINAETIRERTVANF L EEESRAIEW (% TH)

Tab.2 Effect of Fe-limitation on total amino acid content in G. tenuistipitata var. liui (% DW)

HER Xt B4 B HER Xt B4 AL
KITEEM(ASP) 2.63 2.13 HER(MET) 0.56 0.19
#HE M (THR) 1.00 0.88 F AR (ILE) 1.38 1.19
# H M (SER) 0.69 0.63 FER(LED) 2.00 1.69
HEAM(GLU) 3.13 2.75 B &M (TYR) 0.50 0.31
Jifi & 8 (PRO) 1.06 0.75 XN &M (PHE) 1.4 1.13
HEMR(GLY) 1.44 1.19 &M (LYS) 1.44 1.19
AR (ALA) 1.69 1.44 Z(NH) 0.81 0.75
Bt (CYS) 1.06 0.69 #1 FBR (HIS) 0.25 0.25
HEM(VAL) 1.88 1.81 &R (ARG) 1.64 1.63
BEER 24.58 20.57

24 BREAFHTRASENERLEINER
METEEREREGREEAFTER 2ARE
B 4 b G5 SR 2R B, 0 PR ol o 40 R VL E A AR AU
REMBARORBOELD . LABITRP I L8R B,
METEEBERNALANHRBTOLEETERE LR
gt TFn ot &SI/ %K ok & 5t 1% (F684-F694 F1 F718-
F722) {BERRREIX K R HRE A T AREE

YW, XKLL 436nm KRB, K RGN K 5T K
¥ 0.61nm( & 3) , M RENHN T KSR A LW,
2L 560nm SRR B, kR il A 40 B T B ERUR BDE
ARSI MHASE®ET 1.23mm, FFHR TRAREBEEA
B F642 1 F658 , 2k FR &I F658 W55, kPR &I % R
S5 X RGN % &k 558 & M AE X (B PSI: PSH &
fiK(F% 3),

T T T T

719.54
1200 a b
718.32

. r
=
w5 800
o2 8
& 718.93

400 |

694.26
1] L e rrevou L 1 = 1 1 1 L
600 650 700 750 800 600 650 700 750 800
#® K/nm

B3 BRI R 4 B VLB BB A &Y 436nm(a) F S60nm(b) IR IR 528 & 51O HE MR
Fig.3 Effects of Fe-limitation on the fluorescence emission spectra [ excited at 436nm
(a) or 560nm (b)] of G. tenuistipitata var. liui at low temperature

SEEk R R XT B 5 M 2k R SRR
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£33 GRUASHRAGAE IHFE TR KRG PSEPSH 3G EHALL(E

Tab.3 Ratios of photosystem fluorescence intensity (PSI: PSII) of G. tenuistipitata var. liui

under Fe-limitation and control

436nm

560nm

o A Xy B 40

K PR 1l X B BRI

PSI: PSII H. {8 6.53

6.49 2.21 1.89

25 SRHSAETIHEETHR BBRKZHHZFE
BHZEMXE
ML E LR NO; M NH, B3l 1% %
BWE 4, BRRHI40 R LE E AR NO; Wi
KB WEFE V,,, B 30.5 FAKFH] 10.2umolN/(gDW -
h)(P<0.01), Xf NH; Bk v, 0 39.6 BN
36.1umolN/(gDW+h) (P <0.05), %R % F Ffl

SNBRWHEEMER K RIEEETHEMS o
WA R AR T X B . Bk R 40 L VL A AR A X
NO; WKWK F X NHy WU m, MEIL
BELZRRYN PO} HRECH AME T HA, K
BEABRKHER V, HEEHZKMETH 1.56pmolN/
(gDW-h) AR 1.43umol/(gDW+h),

x4 KRVYESHBAAETEEETYNPREHESH

Tab.4 N and P uptake kinetics parameters of G. tenuistipitata var. liui under Fe-limitation and control

4 m H Vs [ ppmoIN/ (gDW+h) K, (pmol/L) a 2
Xf B4 NH, 39.6+1.50 5.45£0.58 7.27 0.93
NO; 30.5£1.09 4.27+0.39 6.98 0.89
PO; - 1.56+0.06 1.03£0.03 1.51 0.90
BREIH NH; 36.1+£1.03° 5.24+0.44 6.89 0.90
NOj 10.2£0.45° " 2.93+0.12 3.48 0.87
PO~ 1.43 +0.04 0.99 +0.02 1.44 0.93

2.6 ZERHUFHTAERIHERTHI Fe HE

[ B 71 5% Fe BB UL 3h /1 45 4E

X A, BRRR &5 30 KM %
BRI Fe'* BE IR AE 7 B 3F R, B IR 55 5%
60 K J5 , Hif R 68 1 B R

BRBRH ( - Fe) AL MR ( + Fe) By 40 5 VT AL

R ZE L NO; ( - Fe, + Fe/NO; ) fl NH,; ( — Fe,
+ Fe/NH; ) A EBFE A RSP BRUY B BRAREER.
BRI TR RARKERH KT BA, BAE NOy
AEPHERREET S, KRR E L
R Vo XA 1.76 5, W E NHS 4 F gk
P ] £ 0 2 % B4 B 2.93 £ (3R 5) o

x5 AETIHEEHTHANH, = NO; At ED5Fe RGN NFSH

Tab.5 Kinetic parameters for *°Fe uptake by C. tenuistipitata var. liui resuspended in NH; or NO; medium

NN%SH - Fe/NH; - Fe/NOy + Fe/NH; + Fe/NOy
V nax | pmol/ (mgDW - h) ] 45.7+6.12 21.6+2.69 15.6+1.92 12.3+0.64
K,(pmol/L) 0.66 £ 0.12 0.4920.16 0.52+0.11 0.37+0.13
3 iTig MRS R R AR KR RIKAN TC,
3.1 SRYMEETINELTYNER ARG TN TPHHHRAEL X TN S, TC WA ik 2
MTEMEERKENER HBEKF, AT FH C: N LE T E. Greene ¥

BRI EFENT ML EERARAY
B BEEE R G EEREHERBE. £

(1991) MR W HE Y Phaeodactylum tricornuwsum HIBF5E
K Doucette 5 (1991) ZEXF F Uif #Y) Gymnodinium san-
guineum WP PR HELNWER., XTBEXE

ne B A oo B e e Y el e
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Bk [ 5 5 R 1) 09— o 2 32 ST . kR o {5 45 40
HITEEBERMA D N:Fe M C:Fe WWH B FIH
Ko X8R BR M 12U A ) 0 BF 3T R B, Bk PR ol {20
#lh Fe:N Hl Fe: C H {B &K (Doucette et al, 1991),
XA T AR BTSRRI AA P s
SRTHRENRE, AP N:PHENTEERHA,
2 PR 1l Xof 480 B WO I 6 S K T B o

KRR EPH T AHEBENEEARK, BL

SEHERLAAREENRARR FEEEAH

PREMITENSEAEREEFFHRRBHTE,

KEBEEFRTENP.CHARSHB M REIREE

L, T B3 52 B R o1 ma A ™ R U FT RE R R A R

A (Liu et al, 2000),

3.2 HRANAETIRESRTHNENERKERM
KRN RS NE M
KRAFBARTEEBEERNAACESTED

TR, NTIREMR T MR B MBLARX MR Y, 7]

BEESREAMEALELH THEEL TRELRH, @

RS BEAEAH BRI, BRG]

AHHER, ALREREV, KRETZEERK

BITHEE, A8 PSL h R R & BE S, T H X 8

TR B WRBK, AT BE7E 2% FR ) /9 5 351 % PSI 0 448 fg

A b KR BIK, AT 2 PSI 5 PSI % 58 &

X L REAR . X LE S5 R R BT, SRR I 2 X 56 R

S EERMRHRTHERE [ FEERWH . Mar-

quaret %5 (1999) 7E Bf 57 5k 8k Xt S 4 ML £T B Rhodella

violacea Jt: 3 1E FH 4l M 25 I R ma &5 SR & 3L, PSI L

PSIL X 5k 8k B Oy /%, R BL G PSI: PSIL IR S U B9

TR, XSEERKRY, EBEEREFMHT  ENME

B BE R BT 0 3h R R R R A A R 2

PSIl, RBFRGREZYW, A RKEHKREKHTHX

UM B RIS 5 A RIEBRRR I &1 T R IF

4 ( Rhodella violacea ) B 28 1L B9 ¥ 1 ( Marquaret

et al ,1999; Liu et al,2000), 33X Bt T KRI¥E 3 54

B B R A B HRAHE

3.3 HRBRBI G (B F A RS R0
2 PR o 39 ) 400 R VL BB R R L B R K

MFHGES . BERAEKAEL NO7-N K NEK N &

b 8k BRI K B 0 8 3K 40 MR XY NOy \NH; 1 PO; -

BRESTFRORIY, LHIT NO; £k JFEE ) ¥

MR & F . Milligan ¥ (2000) X FZHEH Y Thalas-

siosira weissflogii 2k FR il B £ B 22 R N BF R R, 8%

IR 1] {5 MU R 3 DR R (iR ) 99 0 K K R4, T EL X

NiR B HI4E 2 K THMREJERE(NR) . EH Y
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PHYSIOLOGICAL AND ECOLOGICAL RESPONSE OF GRACILARIA
TENUISTIPITATA VAR. LIUI TO IRON STRESS

LIU Jing-Wen, DONG Shuang-Lin', FENG Li-Jie™
( Aquaculture Research Laboratory , Ocean University of China , Qingdao ,266003 ;

College of Bio-engineering , Jimei University , Xiamen ,361021)
*( Aquaculture Research Laboratory , Ocean University of China , Qingdao ,266003)
" ( Laboratory of Photosynthesis and Environmental Molecular Physiology , Institute of Botany ,
Chinese Academy of Sciences , Beijing ,100093)

Abstract The total nitrogen (TN) ,total carbon ( TC) , total phosphorus (TP) ( % DW), pigment, total amino acid and Fe in
tissues of Gracilaria tenuistipitata var. liui. were measured during a 60-day period in Fe-stressed condition. Iron content
decreased exponentially during Fe-stress to only 5.26% of its original level. TN, TC, TP also decreased, especially the content of

TC. The C:N ratio remained constant while N: Fe and C: Fe ratios increased. Total amino acid content decreased after 60 days

10 83.7% of its original level. Chl and phycoerythrin ( PE) content both declined with decreasing tissue iron content. The ;

absorption spectrum of Chl and PE both reduced , while Fe-stressed cultures induced a blue shift at the fluorescence emission peak

[

(at 436nm and 560nm) and also caused a decreased fluorescence intensity ratio of PSI: PSII. These results suggested that during
the early period of Fe-stressed cultures, PSI may be more sensitive to iron stress than PSII. All the biological uptake kinetics

parameters ( V..., K, and a) of NO; , NH, and PO3~ by G. tenuistipitata var. liui decreased under Fe-stressed condition
(especially NO; , P <0.01) . The effects of Fe-stress on nutrient uptake rates were in the order of NO; > NH; > PO;™ . The
Fe’* reduction was conducted using BPDS method and the *Fe uptake rate for cultures grown on NO; were measured after
re-suspension in either N source NH, or NO; ( - Fe, + Fe/NH; ; - Fe, + Fe/NO; ). Compared with the control, Fe’* s
reduction after Fe-stressed culture for 30 days was faster and, after 60 days of Fe-stress, only a small reduction of Fe’* was

detectable. Enhanced **Fe uptake developed under Fe-stress. During Fe-stress, the highest V. appeared in — Fe/NH, 45.7

pmol/(mg-h) and the lowest in + Fe/NO; 12.3pmol/(mg* h). The requirement for N accelerates further Fe uptake. The
growth rate of the algae continued to decline. After 40 days of iron deficiency no further growth was detectable. Chlorosis resulted
at the end of the iron stress period. The lower growth rates, chlorosis and even death of the marcoalgae under iron stress were
caused by reduced nitrogen utilization, pigment content and photosynthetic capacity .

Key words Gracilaria tenuistipitata var. liui,Iron stress, Physiological and ecological response
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