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1 ERRHIEE BB ERAREE 7120(4nabaena 7120), K255 J5 B ATHTR™,
& KNO; (0.5 g/L) #9 Allen 1 Arnon ¥i5R3k, #EBFEFRBESE F. XA
4000 Ixo FEVURNED KERLDBER, BRETEEASEAN LRERES. B
WA R 2 BB o '

2. REHRNAE $& Emnst ARG EBREER, BLES SEEEF 48—60 /I
P B M5, F] Buffer A (4 TES 10mmol/L,MgCl 10mmol/L, pH7.5) #E—¥Ko 1X
ZEBEERELHET#T. BT Buffer 3/ Hay 58404, MA B EBERH (2048/
ml)o B2 Buffer A Zi—WJG,2%F T Buffer B i(# Buffer A f1fIA 0.3mol/L
HEREE), MAGHEE (1.5mg/ml) B 35°C, 90 53 5he LM SHIE, A Buffer B2
— %, BIFT Buffer A th,ZEVKIB T 4 43 3L B0 1,000 g 5 43, T3 A F I A1
SEREE. BRARBNERAR, 5 3K%E. JTEEM buffer B 28 3—5 K, &E.L
1,000 g 5 5L BT R K BZE T buffer B &,

3. MRS NESLNHE ERARLESERFEAEREBUE, =0 3,000 10
Sy, BEHNKRE, B2 Beckman RURELHLE L 105,000—140,000 g 30 4380, 7
BAEFARAIED S o FRETEFARBERS M Buffer A 252 R, £ED 105,000
8 30 4y BhEE 15 BepU A 4y, IR B & W BVF T 1R Buffer b, 5 30 B B& MU
FT—40°CcikFEHo

FICHEKAE Buffer A th, —40°CUHRRL FEKB R REHEFE 10 P GERE 1 486, Al
B 1 areh), REESLE R RN O 7R, H IR BUK IR E .0 105,000—140,000 g 30
e, FIERARTER TS ,ESS A LR Buffer A P2 &, BO0MWE, BET LR
Buffer 1, 5 S, I fF T —40°CUKFE & o

4. BHMRKRE RS  SDS BUREEBR B Ik Laemmli 7 iE", FEBHRWT .
RBBRIEER 3.75% , 0 BIREA 7.5—18.5% BB, 3 &8 0.15 mol /L. NaCl A
K 10 cm, EEFEGRIE 70°C R 10 80, LBl BB ik Buffer 24 Tris-glycine &
g8, 60vRERI 12—15 /N, A DR R o

5 EAEEMMNE HapEOMER Tris-HCl buffer (50mmol/L pH 7.5) &
HHEFT LR Buffer b, fEVK¥E FBFE 4 43P, IEF4HIL, B0 5000 g 15 480, BT
AR BUE AR SO EEE . D e—casein fEXEY, 280 nm JU%E B E RIS,
e 30°C R 30 2Bk EF= LEAE Y 1 pmol BEERR E M WIRIBS R 1E AN — BB TS S 4Lo

6. EREEEENMNE RAIRERZ.

. ZRENME AR Lowry 34

8. HERTBNRE F 802 WHRERELENE.

9. WKW A Specord uv/vis 43BN EEME,
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7, Iy B ERAAKRE TR H, s B E G o H ARhRNEnES
XTI, HEFHETRNNEREE S EORERENEREEZEDTHEE 3 /A
WL E (R D)o REIRIEYN 347 nmol CH, /44l /mg M5 %K, bb Ernst 2% NIRIERYSE
AR, IS RMNEEERE R, BYBNEAERTRERE 3 /M MEERERE®N
/4o IBNRHETHE BREDE, KRBT 5wt B RE AR RRO%E 5 B 2 B LB

Bl HEHRER

Fig. 1 Isolated heterocysts

%1 REUBRNHEMKEHE

Tab. 1 Nitrogenase activity of isolated heterocysts

S BE RGN EREHE B EES
Conservation time after isolation Conditions of reaction Nitrogenase activity
0 & k.85
0 hr ight, H, 347
PN N ES 04,7
3 hrs light, H, .
3/het RS 0
3 hrs dark, H,
3 25 )
3 hrs light, air

H: BRI nmol CH, /5 /B HHEE.

Activities expressed as nmol C,H,/min/mg chlorophyll,
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FEEntEle MR—FFHRERHON, RERERTRBEEREEERE, WLRMMSE
SRR BT [ RS o
(Z) REIBI0E TR RS F0TT 558 4 M WKL

Ko ERENRERABAREZE, L 105,000 g DL ERERER.G, RN
SRS SRE SO, BES AR 2 KRESREANERED. o HMNE

09}
08t
a7
0.6
05
04}

0.3

W Absorbance

0.2

350 400 500 600 700

(nm)

B2 AR 7120 ERMENRERESS ORI

Absorption spectra of membrane fractions of vegetative cells and heterocysts in

* Fig. 2
Anabaena 7120 Vegetative cell ---.- Heterocyst
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Fig. 3 Absorption spectra of soluble fractions of vegetative cells and heterocysts in
Anabaena 7120 Vegetative cell -.-.- Heterocyst
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AITEER A MR B B SR SN AT I OE ROt T , I 5 78 3% ARk B0 R BB 43 RO BR AT 20 O TR M
KEHLR. T RAE T A AIBHES 5 78 R INX BB T S AR DL, BE AR 3, O
W {326 ., V0 ] T O R MG e R S TR 40 W 045 O RN OO , EE RIS BB
MEEHREE, E2FFREMERMAREDS T IEREOCEHERA, BFRA
R EZE B THSRE 2 £ 685,420,440 nm Zh AR I B AG, 7E 515 nm ZbRY JHI& ]
B IR IRAR R AL b KR IE"Y, BARRBIRMN 685, 420, 440 nm RIUU/NERFFFE
B, EEMNENERR. HEBNMRBOLIEE/LTLE, AIREZ KR DISNR 21 %W
(E 2)o ZTHMRBMRTEDS T REBRBOLIET, ZHIHEPILEN 627 nm %
BRI, 7 A MR E R RGN (B 3). RERAIETSRERLAaRN. X

- BERABRSHMAREREREEOFRORER —BN. RERBCHENHARAR,

—HHERAFRS ENRERE LR AN 5—5 MR T &5 4o 44 R
IEHREMR S K ET BEXREN.

(2) RERTEECNBRECEXE Y

Fleming 1 Haselkorn®™ ¥ 1 5 % e BEAN AT VA 3540 O R 13 P , (ELARR 48 At T B iz
WEOLIEE (140002) A iEEBREE AN AR ANGE T, RERITOLE, Mg
% 105,000 g B0 30 4y Bh 5, LB W R L 140,000 g 30 i aT m/ D BB, 4T
BRTTY, —RRES L 140,000 g SRS Y 43 Fo BB 2 BUF SDS B 5 ik K eh 3k
SHLHEEFRARMNAENEOEEETHR. ATRERNEASERK, ZRBINHAK
GHEARERS IER O H SR RIS, Kk d 5k AT R BReY & B L IR EiE
(H4), EREFALEFRMARSMAREIE, AREERBRPEENTREOMSE,
ERERPE - YEREELBARARL. HOhBAPBNREEEES, XS5E34RE
— W (B 1) MBPRAITIE , BB E A KEEOEERS, L EFARNE OMEE
HELE 34 F. ERERABARANEXEED,E s RPRARBHTEREOW, K
FZWoFEKLD 4 73,000,54,000,48,000,41,000 F1 34,000, Hrh 48 K F1 34 K #54
EFMRTTEEON R ERE E RS/, A EREW R, 37K M S8 K #(FH#
WrTtE & BMEBEEED), hEABENTERTRN. ER¥REEH(HETESR
ANRBEL)NRKEET, EFERFSIERANTIERTEN NN, RERKEES
5EFMEREEORKEENEINRARETAELEEEAE, BRERT hR)
T—EEERARPEENREEA, 37K, B2 #EEHF(0 35K R 41 KiF)H
ZRBEHNTEFMBRBEEAOR (B 5) 0 MmE L2 J RN A B R Ri1Y
MARGAGESWARPQEAEY, BAEBEEAHARESH 6, RIE LREE
EORGIWEI T AREL, ERERESCEEBH SR THRAEESNREANEL
AT, FEEAEER, HEAR—EHOEAME. BN TRERhae4E
HEREEN, EEE R, ‘

() ERBEMSEDZOBEEEHH K

WERR, ERERYCEIRPSRABEONENEL. —BHBIRIEER
BOUMEW, REFAREOFBHELR, X IRERSEAKEBRNEEEZE
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Fig. 4 Comparison of SDS-PAGE polypeptide Fig. 5 Comparison of SDS-PAGE polypeptide
patterns of major soluble proteins of vegetative patterns of major membrane proteins of
and heterocyst cells vegetative and heterocyst cells
. EfmlaEn (19 i) 1. ExmBEBEES Q7 /%)
Vegetative cells (19ug) Vegetative cells (37ug)
2. BemEBaEA (13 MR ' 2. REREEA (25 M)
Heterocyst (13ug) Heterocyst (25ug)

Ko HIEBAMMEEESBNEFRETEMLLEGREEFRER, —&RE 24 NRE
5—10%2 EAEFRARE A REE. SHERN, ARGEABEERHES. W
6 iR, BREE ARG 12 /N, EEEEENN 40%, = 24 /NN, EHHEN 60%, 2
42 /NeHE, RO BTSRRI FORIN No; S5 SR AINERE XK. Rk, RERN
ST BEREARBEABEENHEK B RSN ,BEREMM, SR,
BT, B, KEFEENS A BEE AR —EZESERT,

() PEBRBIENFR RS MCHDHE

FZERER S (PMSF) R2ZMBEABRN —MMEH. CHBERL, MEFEN>
ARE4LEMEABS S, PMSF MIHRY, RITKET PMSF N REK S CHIR .
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Fig. 6 Curve of cell proteinase activity after removal of combined

nitrogen from the medium

BT PMSF (U T 7K, % B 2175 #% PMSF B HLE IR S 40k A4 K A E , IR PMSF [
Rk REEMAMREER D, EARNL & SENEF DR IMARRZER PMSF, 4314
50,150,500 ug/mlo Z5FRFEEH, Y PMSF & 824 50 pg/ml (0.3 mmol /L) I, ZHAE A
ERREN S IRE SR BN MAAEE, 150 pg/ml Yy PMSF Z2HYREEI /L,
X R A IR E A 20, {2 500 pg/ml PMSF f=EMEIE AR, HRERERE™

%2 FEABREMNERE R, LS RUSBRALOKE

Tab. 2 The effect of PMSF on cell growth, protein content and heterocyst differentiation

rEE BEOSBug/ml ERia ks
i f oD protein content heterocyst frequency
Treatment
48/ NN
0 24 48 0 24 48 0 24 @)
giontroplﬂ 0.29 0.39 0.45 120 112 132 0 8% 8.2%
P e F 0.29 | 0.38 | 0.38 | 120 | 104 | 108 0 0 0

o &2 HIEA 150 pg/ml PMSF MamMuEK, HREASERFERS KEMHNER
Lo AIMAERMBLRFAET  MMEEEEA 0.3 2468, IMAAY T lmmol /L (150
pe/ml) B PMSF, 7£ 24 /N MG A KA EA S BROEMERHEN, BREHY T
SRR o 2 48 NI, FTEE R T ARBEE &L, Al A K EA & BRPAR T B
U RTRER B T PMSF Ml —Fh BB s, MEMRERGS L. RIMEIERE
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S B AR A F R ], B 9 B S B R R I B R AR Y

() AEFHNBRECKBOMNERBLSANETEAERESHEL

F#@F (Rifampicin) f& DNA 3 Fp— M7, IR EEA 1pug/ml i, %t BAIHY &
KHTEMG], B MR KERERE 0.02 pg/ml W, W BEARGERZELW, RfENREE
M3 ALEOERER (& 3)"s YIMAFIRETE (0.02 ng/ml) i, R HIMEM 5.4% HME
7.3%, WMAEFORMNNARESD KED (40 pg/ml), WTHHRHEL 9%, FHHAK

23 AETNRECARYYRERMAENEANEEHER

Tab. 3 Effect of Rifampicin and casein hydrolysate on heterocyst
frequency and nitrogenase activity

& B KM ES B A i

Treatment Frequency of heterocyst % Nitrogenase activity

oM 5.9 215

Control

F

Rifampicin 0.02pg/ml 7.5 278.3

Rif 'f‘u*%qzoz feal

ifampicin 0.02pg/m 9.0 338.3
. BREOXRY ?

casein hydrolysate 40pg/ml

i BEEEEERTA nmol. CH, /A5 mg HEEK,
Nitrogenase activities expressed as nmol. C,H,/min/mg chiorophytl,

NERAEELERES. N EABEENSERENNESE RER, CBENEAR D, &
HEEERsET AR BN RARNEES, EXEARNEROZEETREH
ARMNEAR. XIUTFRBTLOEERPTEAENEGREET —ETL. ALK
SEMENAIBEREMEEREEIETT SDS KBk DT, B 7 FIH, SBEREHMIE
HOlE 7 S e kB R B R E B (EEMmE AT B sk, RAK N % KA
RKE—-HHN, BLENAKRE 2 FEZ KT REHRELNBRAKNX 2 #FHEHMS KERS
%o, XBOR THELBEARG R 2 MEREUERRMM, BIOTHEN, X2 MEKAIES
S5RERS AT, N EMMERRE—F 578 v 0 A X M S GRZRLH R 4t
EeE=A: ) =

it 124

MEREHFEENEFARTCARERE, EXEEER NS ERL LB
—RIIEM IR Z AT R KERMKETHEINUTILE: D) MREHRESLF
HIRR RN, IR S R, RAEEOBNERY; 2) IRERAERR
P, BHAREW TR, R AR LN, WEESSEFN TEEENE R AMERER
BRI EMN, ARERFEREYS 3) YRERELTEN, BHARRAERFRED,

1) Wphhes £ R 0 2B K R A B LB 0 B TR R (R R D
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Fig. 7 Effect of rifampicin and casein hydrolysate on the protein synthesis of vegetative cells

1. gEmERES G0 #%)
Membrane proteins of treated cells (50ug)

2. MEBEEEERS (G0 #REH)

Membrane proteins of control cells (Slpg)

3. pEmpEElEES (40 f5)
Soluble proteins of treated cells (40pg)

4. RARTHEES (42 )
Soluble proteins of control cells (42pg)

MBS A BRI, BB LR B 4) NRERBIFLTFR, HiffgiEw, nERE
HEM# %,

M EREFARMBEERAOTEEORKEEONRABENREA LR T TR R
Ri: 1) EEFERPEENTFSHED, AN EREREEET . EFER
HRERRESERRARD; 2) ERERGRBET SEFRARLAN—LEH; 3) &
REEPERT —EFNES, RECEFRARTSERE TERERISERE. R
ML RS Fleming F1 Haselkorn A ¥S fRideL 3k TR EINSE R2—HK M. ERE
R — SRR QNS RURENERARSAG THE REML, ¥TINRRERY
Thee, MR AR P RELEEEEN.

RMFAHEIUAZTE—NEROSE, AE N E LRI B HEER B Y
P, B2 L HR—ERREAFEE. NEOBEENHERTUER, 2 MHELEY
A RS, MU AL BRI T . BERRNEBHNE. EELEHAREES
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B RO BNEEEOH, FENRERI L TEZLRNE S RENMFRIEE. B
EHNUEET o RIVRE, MREEXFEND, BLAE—ERET, REREES
IRMBRKEIMN, XFENDOE BB L AT, B AR MRk HFIE R
BRABRYTRESRERNSREEN. RITWERBIES T LARNLE, 7%
R EL KL ROESFARTERAT 72K f 56 K SRS ER K 8 o
CATA AT REVE N — R AR D, #— PR BN SR ERIMLBX £

£ F X ®
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THE REGULATION OF HETEROCYST DIFFERENTIATION
AND CHANGES OF CELL PROTEINS IN ANABAENA 7120

Wang Yeqin Yang Lin and Feng Bo
(Instituze of Hydrobiology, Academia Sinica, Wuhan)

Abstract

Heterocysts with higher nitrogen-fixing activity were isolated from Anabaena 7120. 'The
absorbance spectra of their soluble and membrane fractions are different obviously from that
of the vegetative cells. The polypeptide compositions in soluble and membrane fractions of these
two types of cells were compared by means of SDS-polyacrylamide gel electrophoresis. The
results show that about one half of the soluble proteins in vegetative cell are degraded after the
heterocyst is differentiated. Heterocyst has polypeptides as those in vegetative cell but it also
synthesizes some new polypeptides.

The soluble proteins of heterocyst show five major polypeptide bands with apparent mole-
cular weights of 73000, 54000, 48000, 41000 and 34000. In the membrane proteins of heterocyst,
at least two polypeptide bands having apparent molecular weights of 41000 and 35000 are de-
ficient in membrane proteins of vegetative cell.

The process of heterocyst development is correlated with the fluctuation of intracellular
protease activity. Thus, the activity increases rapidly after differentiation initiation and redu-
ces to its original level when the process ceases. Phenylmethylsulfonylfluoride was found to blo-
¢k the formation of heterocyst, whereas rifampicin and casein hydrolysate may double the dif-
ferentiated frequency of the heterocyst. In the latter situation, two polypeptide bands with
apparent molecular weights of 72000 and 56000 in soluble proteins of vegetative cell are deeply
stained. The possibility of using the stained bands as a biochemical marker is discussed in this

paper.

Key words Anabaena, heterocyst differentiation, protein regulation



