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AXBESERTUTLAME: (1) MYREESNAE, L¥EHEERERER (ubulio-
isotype)s (2) HWIMIEATMERRGES L REENLH. (3) MYMENRREN IS
WAM. (4) BRHENZY. (5 WESHEMERBNER. (6) MMHYELSRML
AT o

XA W mieE e aia s

K E R MM E WY R R R R A — AT % . 1963 4E, Ledbetter I
Porter LI} Slautherback JL P R4 B 25 0 M0 R 5h 4048 e i 48 o U] B oh % B8RS ( Led-
better 45,1963 Slautherback, 1963), /K J& XU A3 4k Y2 B4 M 55 o YR 77 1 1 22 R ek ] &7 4
BYES 1 (O’Brien, 1966), "& 1= 2 #a 5k 40 M 5T o — /1 = 4 W0 45 45 M 0B 232 £k 2 , DATTIT T
BT B RS, BT ARG RAE TS TN AR, DS S B R 20
AR, — ORI 2 i RTINS 488, B E TR BN L E, HRK 1
%R f1% 3% (Gunning %5, 1982; Lloyd, 1982; Seagull, 1989; Shay, 1986), %
s A R B R R TR BR 4, I SR A B B 2 e B, DR T BT e
HAb B4y ¥ %1 (Gunning %5, 1982; Lloyd, 1982; Seagull, 1989), T4 ¥k, /%
HWAEX T IFRE T — LR 50, BUS — 23025 i 55 3, 438 B0R /0 B () 551, TR %, 550 34 1)
PO, P & B O TSR, S EE B RN T E E— B LSR,
HEIRIZENW TS MIEE,

—. HWRE RO R B R R

MERTRERDEMENT S, HRY 25 nm, FEE 5Sam, k2 15 am,
BHE 13 RIEMZR. BMEHRT—HOMEELRATIR. MEBHML T4
110000 D, & 2 MHEME: o-HPATIS-BIK, o-HEEENS TR 56000 D, 8-

AT 1990 410 7 30 Bl F,



HEAWS TR 54000 D,

BB O NS EE 60 ERARRET R, EEMARTPETEERD, &
W R TS RBAEE, HF80ERY, ATNATIHYHEREASEYHERRB
BERS, AESHDREEANSEKERY (Mizuno, 1981; Slabas %, 1980;
Yadav 2,1983) X AMEMERIEN, 3. B E EE A EHRAER ERR A L.
BB T HMREZE (axol), M MEH T HESBHMERB KB RI(Daw-
son %, 1985; Morejohn %, 1982, 1984), XMREH A EFEEMMEEORAGUAR
R E o

N E O SR EH, S YHEBEONS FEBRESRERN. A&, Mizuno
& (Mizuno, 1985; Mizuno %, 1985) M6 FiEZEYh R ERD X 3,
FREAENNEEOEEARANS THER—BXBIHEERF,

24, HXEMEEEQEEENTIR SEY S ENARTIERL, ZERRAK
B AN R G RE L X2V, EYHEER SHPHEERREEVEZHXA, Flnh
Vigna angularis SEHRHEDHEEASMERPIEHRNOREEORA—
Hilo YR, oS RO IpHE L s-HIE B H BRL, N, 7 SDS-PAGE #pkH,
c-PREBEAL S-HEEABSIRE R (Mizuno %5,1981),

AR, B TRALEERARR, ER TR EDYREYREHHRAMERDRN
SR (isotypes), Bl Daucus EERFARDHBEHRNMERS, B& 4 Fo-WE
BEA 2 WA EEARE (Dawson %,1985), M Phaseolus valgaris REFIZELh
AEHFHBEENES 4 - MEBOR 4 F -HMEEANFR (Seagull, 1989).8
2Oy EH, HEEANRETRER TARAMERS £EMRE (Cleveland 55,1985;
Raff, 1984) REFEHTHIEFFBHNER (Cleveland %,1985; Gundersen %5, 1984;
L’Hernault %, 1985), HiFFMBIHEER o LB AL C- WA LR (L' Hernault 5,
1985); R ERE p-WHAM BRI (Bipper, 1984), Mk ARSD, o WRMNEER
Bk EMEES ., MRS cRAEESRZE {4 (Deanin % 1980; Rodriguez 3,
1978), HEFLEY, HEEANRUEN THELBIENE—FHREFEER
S(O

Z. AN R AR AR A ER AL B A BB

FEA AR RN ERREIR D, MENSHE NI RETANBZIREL
ZHo XM RN, TR WEEY, ARRE AR S K T HEH AT
L(MTOC) H L E A B E R AT NEAC EREEY . KENZ W7 mA K EHR
HEANPER (Brinkley, 1985), 44T & SR WA A R A LN B84, EIH9 MTOC At
2T AL, B AW, T B I AR+ 2B RPN SHMELE R X EE %
1 A0 B BE ) — K R o e B S A A L, MTOCAL TRUE AR (TR R 55, 1984),
FERHREREZR, &5 MTOC MENME AR, AMEEOWRAAREL LRA
40 %5 MR, BB A0 58 — Sk g, B e MTOC Ly — 35, WU R B R T 22 4 80 RO
K,ANAWBEBEES. SMERREERAANRATBRED, AARMEEIHOR

.« 2 .



W “IE SR, BB E B AR I HUR” . DI BIRR, S0 T S A S R M
#1%E EEAR (Euteneuer £5,1981),

WEEH, MECSERANTORARAMNIEERRN &% KW (CR%S, 1986;
Hogan, 1987; Wick %,1981), b EfIMMEHESR LM &E R,

FEIRIH: Gunning RARHEIT K BOESBET R RS WE BT, WA
40 (Azolla) AR 4N A M1 AR B B0 S OB TR KA 3 #8 X (Gunning 4%,
1978; Gunning, 1980), iXF MTOC RUEEHY B — R RS R/ N i Rk % R IR
MRRIE &Y, EP/NSHEOEREE R, 1E, XA MTOC #EX
(Zea mays), G5 (Vigna sinensis), Ko eL (Phleum pratense), k%R (Adiatum
capillus) MISFLRDEMIT UK B (Cyperus eragroszis) R Hath g 7 2¢ 3
(Galatis, 1980; Galatis %,1983; Palevitz, 1981), FREF/NEN e s e e R
R BB ORI RS B —— GO G A, o 7 0 B B R L R R A B e O 4 il
1984; Van Der-Valk %, 1980), B R YT & I AR 28 B RS 41eh o,
{HiXF MTOC H W T B O BRDR 2 W4 5% (Stearns 2, 1981),

VLR, B e PO A A S O LSS, R OUE T T MBI T 4 4575 B0 £ 41 Y,
MAX MTOC ER MR HE 2 WA, BRI R S, bR
hs RS D) AN — RE R L R S XA MR BRSO R IR, A
EEREMNALATL, RERHREHABNAEES 5 XM &R R (Clayton 5, 1985;
Falconer #:,1988),

MR ZRTT 46 8 878 B Y0 B A A0 0, LA 4 rh Rt T RE R B BB Wiick 4%, 1983),

RENNEEREE, G2 RPN EARE R ER TR k%5 28 (Eutene-
uer £5,1983; Falconer %5, 1988; Ris %%, 1980) Fuzémikig (Euteneuer %, 1982),
TENR 53 R 2 b T A SR Gt R B AY4E F 0y (Gunning, 1982), 7EBRIE (K #
SREERERWDREAVNG, KT HEMm MTOC fg# (Hepler 5, 1968),

= B

MR, — LRI R AR M AR BN R T A ERR e, #laai
R FAE R A RNEME XA A R ENE(Juniper 2, 1979), HYRF LS
BB B RIRUE S IR AR O R F th P E RO R Vo 26 2 B AR RE L IR A BT 1L
RAFIRERTY AR RE N (Juniper %, 1979; Nelmes &, 1973), —if
SARSEH, ERKIIRFRIBLE G, RA— AR I (Hensel, 1986; Melekoni-
an %F, 19805 Hepler %, 1971)c ITES4E 3, ARSCIE R £ RboRH 52 M M A0 B
RELESREIE, BT T KRBT, 4R LM, KRS YRS R RN Y
HERENZER, FOHEEDOME T REREIRN, MHEEYNERE b E T s
A8, RO (OB R0 R D S WA A0 B0 280 BE ARG 90 R BB e M B 5 1
RIBBARE, AR RS S (4%, 1989; Jian %, 1984),

RTHETHRERERNEFENSAZ D, TSMEBOAR SRS
FEX, BREEENRRESHENRE G HAERR B M ESRIER, &t

e 3 .



kAT, MEEEED (MAP) MBENREFEAMREFERERKOER (Gun-
ning %5,1982; Vellee 45,1984), ZEMEMER T, SHMEREZRNEFMH B IR MAP
HIZETE (Piepler 28, 1974), {HIUIERRA EE SR KL IR TE SCRRX BB A 4 1Y
W%, Lachney F1 Lonergan (1985) MYRELEREHBTHR, MATAXGSHHEE
Euglena gracilis WOAIG, FRUE XA RIBKKALR PO RIE RO MM L (Lack-
ney, 1985), BXULHH, B EI5 R I REY RERME ORELEBRAN,.

V0. B ES HZe

DB T SN ERYERNET UERRE, XTHESESN Z RARAET A FE
HEAF LR (Gunning %,1982; Luduena, 1979; Wilson %, 1974),

AL B i i I ROBER, CRERNEIRSMEEOBE S, 585N K
KIUE-HEBAES KR MEMBENRS KM, MHHETHREZRO WA ASERHE
B4 (Farell %, 1980; Margolis %, 1977), hAX BAKMBEBIAABRATRER
&, EEMERET, EELRIEEELY, SROKUERRBEARERERNRAN, BIF
ZRBH AR EREZH, BKIIBESAREDHREEANRNAEZR (Gunning %,
1982), XFERHEHTHEEMONEEDSHOKNENE S HIBRE; JHN, B
BEASBOKINENE ST —EBLLIWE (Morejohn %,1984,1987),

HEPEES LAY (carbamate) WMFIIREMWARMHESE K, BRX LAY RAE
HEEWEENEERMEHSE (Coss %,1975; Robinson %, 1977), MEMNHEH R
HFEERH, BIRHMEER £ (Hepler %, 1969, 1974; Jackson, 1969), #&ZFhik
BRI AT DM ENSEE. LA ZHERTIORESR, m=#tY (N-N-ZHE-2,
6-"RYH-4-=H KM ) K Oryzalin (3,5- ZIHE-N-N-_HERE) BHAXH
BRORESEN (Gunning %5,1982), XM ESWHIERIKERIK, RIEBRMERSS
MENBILIXANYR,

AYRESN APM 2 —fEXOMERST, BERARBNXRREFERN, H
REMNTFLRAEHRN, XA EYE—ENEIEYREREANERS, R AREBU T
KAIE (Coss %,1975), HAXMNMERKEREY XM E RO ARHETZEL (Robinson
= ,1977)0

BEVRECHEEHAREYRE LRAERB NS —ReW. KPR THRER
EHOE B AR, FREROREAREN ST RER, BSMENE R (Schiff %,
1979,1980), R EEKG T, Al FEEDARMENR A (Eutencuer %,1983;
Falconer %,1985; Robinson %,1977), R EHEEYREEQRNOEERI/FHER
AHHE (Morejohn %,1982),

I, WEEARERRNXA

BRI E RO 20 REP, 2L RBHOAR, BRARERREFLERZN
TR, Bl R TS, ITAERNEHE(nRAeRNES) JERGRE)FE
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MWL B E) AT 253 MRS R JRADIEGE DL R0 e s 4
E R THRBRELREKZE ARELIEFBHE SN D ER, EF 8 1FR 225
MPEDFZRBHHTHRLERNRE, Z. Cande Frit (1988) B TIEXT AT
—HRRAE, R E U E R AR @R 7E R SME B R 5484k, N A ATP S =4 24
H 25 R1iEs) (Seagull, 1989), X FHMGREHMENY R SRILERER, 1E
FEHFIFLIRE (Brower £, 1976; Gunning %, 1982), 4 mR&(1984)%¢/ &R} }-
FHRME B ROEENESE R W ALRETRIFOERLIEE (RdRZE, 1984),
B, A L S 7 R IS A B B O E R E— TR o

:@Z‘/\sEﬁﬁ%%ﬁ%%%?&%*ﬂlﬁi,ﬁ%’%%%%@%ﬁﬁﬁmﬁﬁﬁ%wm%
Fo MAMBRIMKEESE S FRSIE I, XEM MM R mas s
Hr EREFHERNTENE, HWOEERER: (1) 0T Par 5 minee s 4
RO EIRF QIRBEBINY R LB LA BRE LA, ) ME5Mes
RIERERBER WY B — NG R (4) BTG, S B % S5 B i s i
I LRIFE R B

L RESTENNESHMEREFINXRA

IFEMEEREZH, MENSI S GO FRAE LIRS R (He.
pler %5,1964; Robards %,1972; Traas £,1987), %Iltt}}\ﬁbﬁﬁ%ﬁgﬁﬁﬁﬂm?%ﬁ{jﬁ%?g
SHAfERo Pickett-Heaps 25RIR T KB SB O FH RGN (Pickett-Heaps,
1967), ERERRMGEH, BOKUERD THSHONE, MM T 5858 o e
BB ESEVRNEY, RKIRSLENERBRE, REHNE—SRB S0,
FERER I, LA ERTREE S, e JE T BB 5 B M I L A 5 [ e 4
22 BIREFIARHN (Brower %5,1976; Roberts 25,1968),

WK, BB R ETR T B BN PSRt S5 T
BB (Falconer %, 1985 a, 1985 b, 1988), R RH— P, 76 4 BRI S0 L
AU, BB S 7 2 RO D5 T2 BT, SR 4 R B T AR o BB R I ARG 2, XX A 5
ERETHADCELEE, MEOREREEEMENERBEEL (Falconer 5,
1985),

LEARDARADNEHMEBENER

MG RE, LR DRSO 2 N T RIS, El R E > 5 s RE BT 4
A FE I BE R S DX 3 DA Py 0 I R R JeIE, TR AT 4B IR 5 b, R
AUE B 25 M E17HES] (Doohan %,1980; Galatis %,1980; Palevitz %,1976),
FEREME L B p RS BRI (Palevitz 2£,1976),

EHBNRELS AR TARN S LE TS ES, MIEEITE R KA F bR BT
BHI T I 2e 5147 4 275 W07 1 LIRSS B (Palevitz, 1981),

Eﬁﬂ?ﬂiﬁ@ﬁﬁﬁ@i?ﬁ,EZH%%?J({LU%Q]:EET%%BW%%(%,%%@?ﬁﬂ@%%?&ﬁé%
TTEESYEL (Galatis, 1977; Palevitz %,1976),

3. BN EME S MSHERIN XA

HIFE BENMMY RS BRH e, B&BE5% 20HEs5 R, Bt
BRI P B R LT e, I ATES B ok 0 M B BT BR rh 8 Bt 47

. 5 .




EHTHEEVE2/RIE Oocystis G HIRHL T BIFHIERIR R cOocysris HOMMEEER 20—30 =
FEAKWR,BEX | BEAS4, RENTRBEREAR X, RENNMTHARMED
HEF T M B E S EATHSRPA%ERTEST (Sachs %, 1976), FHEXFHE HEFY
75 M A BN TR A 2 BT BRI, BIAAEBEIHENEAREAREK
2 (Robinson %5,1980; Sachs %,1976),

BT EAEELERE ERARETHA S RN % EH R (Weerdenburg
2 ,1986), 7EMTELF A E R ANED B, ARMERE D EMMN, B HEFI5
EHERBRAEENT N RE—BH(Seagull, 1986; Willison Z£,1977 a, 1977 b; Yatsu
2 ,1981) MR MR BEHEETIS M5 M ERNENEFTTE RS ERETH
A—B, MRS ROB T EBENF | (Lang, 1982), ZEHRE—BEMTEEN
FEZE, R ALY MTs, WASKELENFR, RELXEBHREFESHR
B, BEHERBAEENSE, (Grimm %,1976; Quadar %,1978; Yatsu%,1981),

4 EMBE-ARER-AREZFERRXR

BB ES R E AR A ENE RO TS TR RITIESL (Akashi &, 1987;
Lang, 1982; Mita, 1984; Roberts, 1985; Seagull, 1986), E.HI% GA; {E G, =M
AERKE, XEHEN GA, HARMENHEFI S IMNSERKMVETHSERS
o0 e TR TE AR BT RO HES ] (Akashi 25,1987; Mita %5, 1984, 1986), MifufE K BRIRET
4 R e e S E AR LR R, S R REARNFR(Mita %,1986).5%
AEXRFBERTEATUEL GA; BEMERWREL, WM EHOME S TEN, BELE
RET SABRERRTOEHRE , A5 ERAERLERITE, FRAROMEEK,
/N T B {LPEF(Akashi £5,1987; Mita £5,1986), HAth—tL @&, sl F EHpEM
RASLHBERLESNREMEEARKMES A ENETHE, SEMAERZE
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ADVANCES OF THE STUDIES ON PLANT MICROTUBULE
SKELETON

Jian Lingcheng
(Institure of Borany, Academia Sinica, Beijing 100044)

Abstract

In present review, advances of the studies on several aspects of plant microtubule skele-
ton are mtroduced and discussed as follows: (1) Chemical characterization and isolation of
plant tubulin, and tubulin isotypes. (2) Microtubule initiating location and organization me-
chanisms in plants. (3) Microtubule heterogeneity in plants, and freezing-resistant microtubules.
(4) Drugs disrupting microtubules. (5) Microtu ules and cell wall organization. (6) Genetic
regulation of tubulin synthesis in plants.
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