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=HBREREEAR. SMAMA
TP
AER #ME xE4L XEH

FERRFEPREEEARR, BE  210093)

RBE T 199249 A—1995 % | AMEK, TN, HFES=FMIZEREELM 4—100 mg/ L
WEENRE XA R, TRBAREAEEAR. SEMEELAWNE, FIHHENES
PLE, REW, RARBREERFWWEIM TG REmM N, AERRLBTFHHE
2.184; FEFIFERIREAIE (8 mg/ L) A4 T, V30 R 98 o 6 Fy S22 AP32E K 7 AR ke 0 o T 75 e 4
HedH, Bk 696.968 X 107° ARABBHERE 28 19 BRI BE KL £ HIW S 5] 5 R0 B 6 B Y
14.63% Al 16.05%, WEHE T HEMMEPHEMTLKNE; ZHEMARESHESWNEEHY
Ry, {HESEELE WM BR, RBTHEREN, BRESEERMIIE—FEREK
STAHEYHBHER, B - EEEE A BERSEARMERESERAS T
&Y.

XeiE BiEE W BB BAKR S fE%

SRR (Spirulina) I T EEEAR (A HERTEMN 60%—70%), HEFBoDH4E,
WS EMARHANFRY —+— 2 &R, ERKIE LT 8 & B 5 8 e
FOLEE WSME T — & WA, BEibe KT A XN EMENRRERALER.
fER—F TR, BAKESIYERADK B %%, 1992; Hawhes et al,
1985). Zhou % (1995) 8 iE A WG 7E K W ¥ (4—40 mg/ L) F ] LA AR KB HE B 7= 2k &
BEH MO B BE . AR IER AR, AR SWEW (KT 40 mg/ L) xR 5E%
AuEFEAUEMHEER, HBEEDRANBRURES TR0, ERSER LR
. AT B e 38 2 R BTG LA B R oA S 2 T P A 4 A I L AR ST, DA N S A
YA AP MBI & . P SR e B8 42 (R 2 Ve R R S AR i
1 HRE5RE
1.1 BRI

KT 199249 B —1995 4 1 A #47, AR ZAIREEsE, 25 2% KE e
(Spirulina maxima). $EIRIRGERE (S platensis) MEL IR NEHE (S, subsalsa), YIRARE
FhERBLE, HFREMRE: Zarrouk A FREE (Borowitzka, 1988), £ HIA Na,SeO,

* BRACER A0, ARR, B, WAET19645F8H, B BRI E TR HE L PR L.
BhZE, WEMOLEMINEI %, SR,
R HA: 19954515 H, ¥ HM: 1996528 12H.
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RIBALAN, WAMKEER 4—100 mg/ Ly B HIRATVERIEUR, SEHRBEN 160 pmol / (m’ * s),
FeEHI R HE = 16h:8h, SREBRHREE K 35C, HERA 25C. [EIWTESIESE 12d (B A%
W) JE, LA300 BiiE 8, FAXmBet s Bk mlk, e, BETRBEN. LUK
R B O R R E B A S R AR A AR R, FE UL R RN b pEAT SRR e i KR
BB, ZHEMASKESWH LD,
1.2 HEARERMERS4ML

BEFBENHTERS 1g 1 0.1mol / LB Z MK (PBS, pH=7.0), KNEK#=
K, Bo, MEBEKA 30%—70% MMk, B|O0MKMER; 7 Sephadex G-100
(1.6 X 50cm) EHrH: 1 LL0.5ml / min W HE A 0.1mol / L PBS (pH = 7.0) Ve, WESE
HBEERS, TR BAKENGHRZ B (M = 20000) %4, A% TH, B4t EA
B,
1.3 BEEN5 8 kaifk
131 4% WEMBERETESS g, MIAERER I10GHRAETFZEETER
24h, BEL; BRAYHEBEE K, B0, BHREKYA 10065 21V NWEH-FRE
R 48h, B0 BRI 24h, L (William, 1982). W Lk FE®R. T 60CHIE
weag, m2:1(v/ V)RE-H B R LB 20 1%, % Folch %8 (1957) W T i vE =
W, BAERHLE.
1.3.2 4tk BHArEIEESTE 3.5 x 15em BIREEAE B EOT IR MR R T ok, A
5 R R B AR R, U ARIER 4, MR MR 48 A Sl R IR 26
1.4 HAIEREN L B
141 S E#ER W35 3R 12d W =FP IR HEEE S B A 300 B I8, HERBAREK.
YR LE 80C T4, BAT, A Sevag Wik (RARMRHE, 1993)ER, BTG/
6, BERATWEFGEFERWKG, WEMK, TooCkamE=K, {EHE
W, WA, BEH. BENSRAHEE.
142 4tk ¥ BT 15 i HL & B8 7E DEAE-Sephadex A—25(2.5 X 20cm) i )2+ L 1A
HRE (1997 Wik dide, ARB-MBERERN, WESZES, B, W4,
RHE TR SN,
1.5 SWENNE

KB =MEREsBddESsAaNESR. S5, BEER, £105C F#t
2h, BT, MBS/ S8B® =3/4, V/ V)iEtk, Jin 2ml EDTA(0.2 mol/ L) &
WEH pHE 1.72, B 2ml 3 A (4%) AW, Smin EERZE 0 4ml DAN(2,3-22
HHEZE, Sigma, 1g/L)BER, AACTEIER, 7 850 B4 ENE i1 (Hitachi) k4G
POLHRE (Lu et al, 1991): A_ = 378.1nm, A, = 518nm; HK4E: EX-5nm, EM-5nm,
PM-NORMAL. *fMtR¥EMZL, KGWEE (L x 10 " TERIELERE),
1.6 BAMIxIHE BRABETE

BMppELs e BRARREMTRORITEN:

B EWE

AVRE - prenrznama ' 0
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HFEMBERENSHE - EARSWE
2 #R51e
2.1 SBE B A ) B
211 AFRBEETHRARBIRESWRMNTIL LTREEERN, BMREBEETEY B
BUBESM A g v BE T 8 0, BB BA ME E w3k 2,901, {HAEERE FHHE 2.184(F
1. 588, e BB A R RSN T IR i, R ERE R (Zhou et
al., 1995)7 M, SN H ¥ & =% 400mg / L Bt, ZBEMAREREIE, B 400mg / LA
REZBNBUERE. U, —HARBFHENERRIE B S REAZH, esliEd
BRERT, HhRFEEMEE RS REARAEERL, FEm 8 h 2R s
B, SEEWBEKSG IREE%, 1992; Zhou et al., 1995),
212 =FRRHE S A £1 TRAWRE TRAMERSHRNTY
RMEERRKY, SMNAE 8Smg/ LIKE  Tabi  The contents of selenium accumulated by Spirulina
T, *&j{ﬂ% FE B4 B iﬁqmm%ﬁiﬁ maxima cultured under various selenium concentrations

x 1000

HLF48 2.184; Zhou % (1995) iy 5L B S M A RBARK
WKE R MIE, SR 8mg/ LI, (mg/ L) (x10°)

MREIE A KRR, BAhMESE A 0.0462 -

BAR, A BE BRI A B S M 4 2132 1.241
B, i, 7Ex = R0 IR REEEAE g 8 9810 2.305
1 B AN Al Sme/ LI & 14 T i# 12 13.081 2420
17, GEREY, 74N R K B 16 20235 2099
M, AR B B R B 20 32.893 2697
FRUTUAE AL E e 8, 4h%e 40 53.424 2057
T 28 B FRAG 1) & Ao B R AR K BB R A 60 83.230 2.081
PR IR SR 72 M 5.7 48 (0 80 170.652 2.901
F62). T UL VR 9 8 7 WG 1 52 R B 100 140571 1856
5007 T BRI T 218

2.2 AR BESRE QA SR LB Y

H 82 5E 38 1 3h A7 S 1 ML B 13 4 Sephadex G-100 & 247, BRI =444 A, B A
C(E 1), MRIFEEIATIE B 2) A, AN ATEREHGELESEARKR, 44 BY
FIERWEREEEAR, A0 CHEBEARKR. X=ENMHEABARTHNSE (E3)
KW, BORPEEGNAE—LREAN AR, A4 CHRBE R4 FEEIIIHES
k. R3IERY, BABIERNGTEEREEA PSR LR, RFREENE
BESHEEMMILEA, HEITHFTR, RREEEEARSMBSARSHEY
14.63%, BETRAERA MR N EQ AT BERIE T EM S B MR E AT ERE
HERS R 3R S5 B2 1.02% A 1.11%.

AR SN E T EREHERNAREE T RERY FRE R OMBHEBIL, M
MG RS ML KRR A G, $F FBARNSESH SR, XOEHEERESKE
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F2 K. R, EBRF=FRIERTER MM
Smg/LEMEAHTRABRMSHER (< 107

Tab.2 The contents of selenium accumulated by S maxima, S platensis

Z — (Brown et al,
1982), AAEEH ERIE
B, Wi mAEXERLE

and S subsalsa grown in the presence and absence of added 8mg/L selenium BK 4% S P b B AR 24 Bt
& m B TR R R HMIRNAME I £ 10

P L] 0.0462 0.0733 0.0915 (Stadtman, 1990). H i,
8mg/ L 9.810 121.547 696.968 ME5EOREET—F

IR SR DU RS S 0, BEER, #EFMH.

2.3 =MURBEBESEL SR Ko
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Fig.1 Elution pattern of protein from S. maxima,

S. platensis and S. subsalsa on Sephadex G-100

(1.5 X 50cm) column chromatography
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Fig.2 The ultraviolet visible spectra of
proteins from S. maxima, S. platensis
and S. subsalsa after purification on

Sephadex G-100 column chromatography

BEMEEES B LH, £ DEAE-Sephadex A—25tEE#raifh, MK
R VR SR AR F AN L4 (T B0 BP9 R L R RIS, 1997), SETRIZHEM
Rty —Asy; Fet, B SFE8EIEEMERh hS R R A A0 A 28, S8
AWM EILE 3. HREY, RASEFMOSREK, TRANSHLESSWOENR
5, XM TARASINFERRERN, UHBRAETHALSRE, BFHRANE
B, @EBEAMNEAENRAEER, BA%SE, SEMERARS SERE
4. WEMSh, BARBEOEE, GEESHE-SRET-THRAETETERESY,
Wi ETm Ay ke RS, R TRRNLERE, XMEIEH S LRSI
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&,

MW AR AR EE PR ESMAEOR, UBTENEA 58854
(Williams, 1982). 7ESRBEEE b RAH A 8l LIF A, 4540, XA FTas:
3.
2.4

R RTERRAR K h &S A WA B R AT
®3 MK HIN. BF=FIRIER AR NEFDINSm g/ LI &4
TEAR. BEMBANSHLELWAR(x10°)
Tab3 The distribution of selenium bound to proteins, lipids, extra—and endo—cellular polysaccharides
from S maxima, S platensis and S subsalsa grown in the presence and

absence of added 8mg/L selenium

HHR Mg % £ B
EH | £ BoR M
HHErA  AHB HAHC | hdEls B

Harr  #HHT | AT Ban
‘A | KmEE | 0.768 0.451 0.286 3.430 7.662 0 0 0 0
R |8mg/ LWE| 8975 6.204 2.239 5275 17461 | Trace Trace | 20318  34.223
#@m | RmE [ o616 0452  0.201 0 5.988 0" 0 0
WAEE |8mg/ L[ 11.333 7.609 3.827 4512 33.100 2.295" 53744 82,631
#HE | Kol | 0.59 0.358 0.241 0 8.735 0 0 0 0
EREM |8mp/LWi| 99.778  46.400  20.632 | 80.943 159284 | 1579 12925 | 253.363 167.520

1) ZEDEAE-Sephadex A-25HEEMT4ELH R i Bl — 1 g,

B THIRIEEM h o AR AR, SRR EHHESHER. 4RE
B, oK. BETURMEREE =R e B SRR T EAN B BN 13.25%, 11.89% Hl
538%; MMM T ZFMBIEESESEEN TR, 450 11.17%, 9.89% Fl 4.10%,
X 5 Gennity % (1985) LA Zhou % (1997) i 45 R — 3. @i 364 6 E BT =
FREEAERTP M SR, S5RINE3. XVEBIRESSHM 2/ 30 ERERMR D, KA. M
TOURD 3 5 = Foh 022 e 3 P R 2 455 O 07 o B 41 i R AR B9 B 4 800 B K 16.05%.,  1.68%
0.63%. ETRESWMMES TR, WASEEFHIE =48 UEEmEss
(Gennity et al,, 1984), MRIFERMEIEL S B A SERHER, R L8 TR #B
FERATF, X —HEISH LI HIE k.
2.5 MR A0 ) R ARALBE

AR, TESMID 8mg/ LWAI 40T, MROKIBHESE R B RSS-S0 & 5 40 &
B 14.63%, RLLEEHT G 16.05%, MHEASERA F AMMLES., SRANES
JRIE M 30%—70% KB BR L U I SR FF L W4 dib KB E AR, BREEBHE
HERESZSEAGL B3 FREALTRIHETH, ABREEARSEAEARY
42.63%; XHLDLEEARMERITE, BEARTEANBEERIR S SRS WY
34.47%, MLERRELEHW, WMELSWB R SMRSWE £, Hik, 200056
AIRBEAEENGEE T, lNSBREERES/NM Ty NEER)SSTHRAE
VLWL 28, SEMUTHIE XMWAE. M5EEE. BANELRRTREE XA
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M BHREDHEHRRE T, SBEEAREHEARRA, E@d—F20 LR, 5E
B B b B S RREE DL R 45 A (Brown et al., 1982; Stadtman, 1990), 8 #% 5
JiE g XU (B =4 AR S 45 A (Gennity et al., 1984).

R4 U5 B A0 M BE (9 AR SRS L Ay M B A T BE S 45 &, 3 &0 AT A TR 3k 7 9 b
BREE B AT B R UESE: (1) X PO FR R BE 3 R B A TR RS 26 v 45 A A I A e B 1
B & 40 & R B A AR, R 2.70% (Rl TSR BE 38 ) 1 1.74% GL IR HE#);
Q)IXPIFE, FHNRMFBEREEXBEERN BRI BEESY R, UUEEE L5
HEBEHMEY, ETEREHE-2BE F- UM FrR &Y N RHE, Jit
AT AR KRB, Q)MNEANIZREESWMFI AT, HASEESSWMRENMR -
5, MO ULESRERM, RHESBEMNESR T S5EaTEIEXIER Ik
YRR, BESBWRER.

WG AT HE W, SRBE R A B — A R KA FYEMRE SR, B EE
YA S BRI WSS A RS T R—%/hrF &Y. RKIBRERRWEEH &
DCHes T B TR k3 1 e B 28 ) A AT 3 o 3, 3 T R 2 0 0 5 MR 1) R BB R IR
MoREW, WMRAKRS FESHWMSARSHENE 8RN, ZTREES T RH
W IR AR — SR E.

2.6 AEWRE S A A A 4G T

WL ATA, ERTRCEERAMME N S BN, ARG MMNEASET, A8
WABAS W AR A FEAE . X2 H T 7E 518nm 5K 558nm AN MIAT, RhndlagREdF, g —
RER OGRS, B LA T T (REE R T HREN EDTA). HHiEFE L, &
HREANFEMLEFRER KSCEE, 1992; Lu et al, 1991), A3 ixX £ 8 49 46 0 A %k &2
— R EATIOF R, AR 1, R2PETLUEBESE, MM SEMMMREL T, @Ed%E
S BE X0 A2 AE VE AR MR B VR R ARk, (AXREORIE, IREBRK, B REER
HAX BB R R ERYIR S Bk,

3 i

A K 4R i 8 2 B 0 B R A B AN A v T s e, R BB R BRI T 18 2,184,
TEE Sl Bmg / L) &4, ARMBEEREBRFEWRENDAR, HEBEER
RAWREE B3R, B RBKIBFEREMATURIE R SRR 72 M 5.7 65 MWBREENE
B, ZRMEERE, HESMEEAWET, dhENEARYS SR LR EHS
A RERREE AWM SRR 2/ 3; MM AWIYRE IR, AL LS
RRE AR/, IBE A BR— T AR FYURNYRRHEE, B—FH
RESAYEFREEBRMEE SN RS FR BN FAEY. RARBERERRWREG
H G, TSE TR 3L 5B R IR A W LA RTE S R
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STUDY ON THE ACCUMULATION OF SELENIUM AND ITS
BINDING TO THE PROTEINS, POLYSACCHARIDES AND LIPIDS
FROM SPIRULINA MAXIMA, S.PLATENSIS AND S. SUBSALSA

Zhou Zhigang, Li Pengfu, Liu Zhili, Liu Xuexian

(Department of Biological Science and Technology, Nanjing University, Nanjing 210093)

Abstract The present experiments were carried out from September 1992 to
January 1995, and the algal species were provided by Laboratory of Algal Research,
Department of Biological Science and Technology, Nanjing University. The culture of
a blue—green alga Spirulina maxima in the Zarrouk's media with various contents of
sodium selenite, i. e. 4, 8, 12, 16, 20, 40, 60, 8 and 100 mg/ L selenium, shows
that selenium accumulated by this alga increases with added selenite, but the
accumulation ratio is close to a mean value of 2.184 (Tab.1). According to this
observation, the culture condition of 8 mg/ L selenium was chosen to compare the
accumulation of selenium in S. maxima, S. platensis and S. subsalsa, to study the
mechanisms of this accumulation. In the medium containing 8 mg/L selenium, S
subsalsa accumulated 696.968pug selenium per gram dry weight (Tab.2), which was 72
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and 5.7 times as much as S. maxima and S. platensis, respectively. After preliminary
purification, the crude isolated proteins of these algae were separated on Sephadex
G-100 column chromatography into Parts A, B and C (Fig.1), and the lipids on silica
gel column into polar and neutral lipids. Selenium bound to proteins and lipids in S.
maxima accounted for 14.63% and 16.05% (Tab.3), respectively, of the total selenium
accumulated, much higher than those of S. platensis and S. subsalsa, although the
absolute contents of selenium accumulated by S maxima were lower than S. platensis
and S. subsalsa (Tab.2). Half of selenium bound to proteins was in Part A (Tab.3),
which was almost chlorophyll-bound proteins (Fig.2), while that bound to polar lipid
accounted for two thirds of its total content in lipids (Tab.3). The extracellular
polysaccharides were separated into fractions I and II on DEAE-Sephadex A-25
column chromatography, while the endocellular ones also into fractions I and IT with
the exception of these in S. platensis consisting of only one fraction. The fact that
selenium bound to the extracellular polysaccharides was much higher than that to the
endocellular ones (Fig.3) indicates that the extracellular polysaccharides are very easy
to form coordination compounds with selenium, while the endoceltular polysaccharides
could not easily do this way. From the above results, the mechanisms of selenium
accumulation by these algac are deduced to be physical absorption by macromolecules,
e. g. the peptidoglycan of the algal cell walls, and biochemical formation of
seleno-macromolecullar  compounds with the proteins and lipids, such as the
replacement of sulfur by selenium in peptides. S. platensis and S subsalsa
accumulated selenium mainly by the former mechanism, and S. maxima accumulated it
dominantly by the latter one.

Key words Spirulina Selenium Accumulation Proteins Polysaccharides
Lipids



