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©] &% immunoblotg E3dle] ZAbste] Hgic) o)
ol actin® 10-nm filament ring®} 94 &4 budr}
A7 HF-9lofl Reld o]5 F cytoskeletal element
o] oAwd QA BAA) e 2L Z3sA 3
FeeAE ZAbsle] Bgpol
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Plasmid, strainz} st gy

AHE-E Saccharomyces cerevisiae straing  C276,
MATa/MATa wild type: JPTA 1493-HOl. MATo/
MATa. cdel12-6/cdc]12-6; C276-4A, MATqo) ™, o] &5-&
glucose& £33t 9= YM-1 mediumel 4 rotary
shaker2 ©]-83te] 79w, 2RIz EodHel:
2°Coll A oF ~107 cells/mi7}A] 7)%thz} 36°C 2
&7A 7))

Plasmid pUR} pATH vectors J. Pringle 4
Hofl A Fgmrgten] 7zt E coli strain, BMH71-
183} HBI01S o]-&ato] wfat A4t sieich
CDC12 REXILL £ coli lacZ SRS} trpE SF
Xtetol fusion

lacZ §4=9} CDCI12 FHAE fusionst?] $)s)
% pUR vector(21)E A1, npE §#1=}bste)
fusion& #& 4= pATH vector(24)& o] &3}o] fy-
siong 3h3ick Fusion® 7] $)8le] 4 238} recom-
binant-DNA teghniqu«.olL} E. coli transformation
o gl wh F& DNA clong #¥ol| gJi= nple
o] &-3kadr} (27)~
Fusion cHiEo| &

pUR vectors= BMH71-18 strainoll transforma-
tions 317 pATH vectors HBIO! strainel trans-
formation3}gitd. Transformation e 37°Cel| 4
715w 7 IPTGeE IAAR 2417} inducedt 3
msolublcﬂ preparation 2% fusion wh# 3L "5%
}Din}(h Insolubledt preparations vr]if}o% 50

18] E. coli wiokl-g 12000XgR2 A7 T |
m[ 2] STE solution(25% sucrosc. 25mM Tris-pH
80, I mM EDTA)E suspension 4] 21t} o]3e 100
2] lysozyme(10 mg/mf)3F 200 wi2] NP-40(1%)2
718t -#of sonicationg ©]-8-3}e] cell ¥4 B
/H Al cell-& microcentrifuges o]-8-&ted ) A 4]
+ 0.2% NP-402} 0.3 M NaCl® 59 washingdt 5
insolubledt sampled FHHAIA A Pi=r},
A

Insoluble preparation®.% F2]% fusion wheH 2
0.5 m/ﬂ} Freund’s complete adjuvant 0.5 m/-& 4]&
$-oll & 7)ol subcutancousE injection &}l t}. Boost-
cr shm”& = 5% %% incomplete adjuvantel]
Aol 353 "}”5}9‘3?. injection¥t % v injection 10
& Fof bleedingg &4 immunoblotg o] 43}
o x| gl o) Ao g galstolrt YA Folliz

nitrocellulose paperell Eol 9l& #pE fusionoju}
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lacZ fusionshHAE o] 83le] X2 cross affinity
purification(15, 16)& 3loj 4] o] &3}gir}
SDS gel electrophoresis 2} immunoblot

SDS gel electrophoresist= Lacmmli(17)2] Bg-&
©]-2-5}9 protein transfer2} immunoblot-& Towbin
(25)8] WS o) g-shaich
Yeast| SXZu{nt CHUE &

S. cerevisiae®] C276-4A strain-g- 2 X 107 cells/m/ 2]
FTEZ 7)F Foll NES YM-] mcdluma o] 8-3}ed
IX107 cells/m/®] g2 3)4sleic) 32 ¥57) 5
Wiml7t HEE g factors He] Fa 147F 308
T 22°Ce A weks Fedeh 124 308 Fof
BE AE7E Gl ostageol] W37] wl il 9480 E
o]-&-3le] a-factorE MoAFE Fo AR YM-Iol A
o] wfekshel A 308 7Aoo w cellg eppendorf
tubeel] harvest hgivh gl 2l S F2817] 9faf A
glass bead& 41 proteinase inhibitorel 0.5 mM
PMSF, 0.02 units/m/ aprotinin.  0.001 mg/m/2)
TPCK, 0001 mg/m/®]  leupetin,  0.001 mg/m/
pepstatin-2- L}f ol 2024 10M2] vortex® &
284 cell-Ed Yol whwlae =zslol)
Indirect immunofluorescence ‘é,“:.';.

Indirect immunofluorescence& o]&g+ A
yeast?] cytoskeletal clementZ o=} wlo)
SEaL glem) ofe] 7hA] wpye] sfubsle] glrk2.
14-16). Z 32 Q) W o 2= cellS 5% formalde-
hyde® 24)7F 224& 3o glusulase® cell wallg
AlAstdck Cell walld”1 %, primary &2
labels}ir, FITC7F #o19) secondary & Al(goat
anti-rabbit)® labeldle] 8 F&n) 4 o2 Fatsiolel,
Actin staining& $]3l4= 5wl 3]4%]2) Rhoda-
mine-phalloidinell 5%-7} yeastE w)oFgt & acting-

sharstolel.
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CDC12 fusion THHA #tA

lacZ 472} CDC12 #HAE fusiondt?] <8l
A= pUR28S vectorE *}%E}M_TL. trpE G-A2k2}e)
tfusion $]3l /4= pATH3 vectorE- ©]8-3}o] fusion
glodcl. Fusiong $]sted yRP7 vectorel] clonesl
CDC12 F3 7] Hindlll %91} EcoRV H-9) & 2} &
Fol recombinant DNA techniqued  o]-8-8ho
pUR288 vectore} pATH3 vector®] Hindl1-Sall
FWRE ANxge sheickFig 1). Fusiond Zof &
pUR283(CDC'12):= BMH71-188 pATH}(CDC12)i=
HBIOI £ coli straing o]8-3ke] (ransformation2
&tgirl Fusion =S induce®) %o insoluble
prep. 2% FE = SDS gel$ runningsle] ] #q)
gk A3 CDC12-acZ fusion-2 2F 160 kdol 4] (’D('
12-trpE fusion® 2F 80 kdell 4 fusion gh#ale] 7
)= SA ek Fig. 2)
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yRP7[CDCI12)  Hindill EcoRV
4 4
[ow———— - seesmsens |
{A)
(Sali¢{RV) Hil {Ssl1/RYV) HI

Fig. 1. Structures of lacZ:CDC12 and trpE:CDC12
fusion plasmid.
(A): CDCI12 fragment (1120 bp) was subcloned
into yRP7 wvector. (B): A 1100bp EcoRV-
Hindll  fragment of CDC12 genc was
subcloned into Sa/l-HindIll site of pUR288
and pATH3 vector. In cach case, the vector
was linearized with Sall. treated with the
Kicnow fragment of DNA polymerase to
produce blunt ends, digested with HindIll,
and then ligated to the gel-purified EcoRV-
HindIll fragment.
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Fig. 2. /dentification of fusion proteins by SDS-PAGE.
Lanes 1.6 : Molecular weight marker: lane 2:
Insoluble proteins from E. coli strain BMH
71-18 containing pUR288 vector; lane 3:
Insoluble proteins from E. cofi strain BMH71-
18 containing pUR288-CDC12 vector: lane 4:
Insoluble proteins from E. coli strain HB101
containing pATH3-CDC12 vector: lane 5:
Insoluble proteins from E. coli strain HB101
containing pATH3 vector.
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Fig. 3. ldentification of CDC12 protein in blots of

yeast proieins using  affinity-purified  ant/-
bodies.

Primary antibody was diluted to 1:30.
Secondary antibody used was a  1:200

dilution of HRP-conjugated goat anti-rabbit
IgG. The position of CDCI2 protein s
indicated at 42 kd.

CDC12 MMEo| ch3t A A

Fusion & 49] polyclonal antibodyS 337] ¢
d E7E olgstyon] YAl antibodyd titere}
a4r0] CDCI2 FHA PAE g g7}
#2}817] 9]5}9d immunoblotg o] &-&kelct 7 A3}
CDC12 A= S cerevisiae2] A chl Al £ 42 kd 9
polypeptide 2} A3taldchFig. 3). o] 2= sequen-
cing®] AIEYE dojzl CDCI12 s A L] mole-
cular weighte} wk-$- f-2}3bgdch
CDC12 &H|e| Mxsat=ol phzt

CDC12 A7 10-nm filamentS Q1A $l=x] 9]
of g galslr] ¢)8le] indirect immunofluores-
cence WS o]&slo] Fabalelcl 1 Az} Gy
v]7d&le] 41 10-nm filament7} ¢lesle}l 2HEEE=
mother cell#} daughter cell®] AZXR-9)o) 4] 33
%9 eHFig 4a. b). oleigh AE A galslr] 9ste
cdel2 FAWHo] A EF 37°Cel 4 3087 v gl o)
CDC12 AR labeldtdtiy] o}wd} label®z 747
=2 drKFig 4c). AR At T cdel2 E
Awieldr 37°Cell ] wioksld 30F-o)el  10-nm
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Fig. 4. /mmunofiuorescence result of CDC12 ant-
bodies.
(A.B):C276 (wild type) cells stained with
CDC12 antibodies. (C):JPTA 1493-HO1 (cdc
12) cell grown at 36°C for 30 min and stained
with CDC12 antibodies. (D, E): A unbudded
cell (C276) stained with CDCI12 antibodies (D)
to see 10-nm filament ring, and Rhoda-
mine-phallodin  (E) to see actin cluster.
Primary antibody was used at 1:3 dilution.
FITC-conjugated  goat  anti-rabbit  IgG
secondary antibody was used at 1:200
dilution. Rhodamine-phallodin was diluted at
1 : 5. Magnifications are 1500 fold.

filament ringe] AAE+s 7lo] HAFEgomg o
A= o]l & dAl7F 10-nm filamentE 7HA) 3ok =
A HEsle] Frf
Filament ring2| AHAIZ|&}
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Holxlvy Eash=dl ringe] AN} ¢l
% bk A ARkl B oke £3)
o] Aol ol yeasto] whll A8 FEalo] A
12 AL o) 8-dle] AL 5}0:].& 2 U R = JRE
It 4 filament wh Ao Zxjsh} 0]5101
d7} v}& A7)l polymerization ¥ o7} A4
1 %ol unpolymerization % 71¢lo] ¥hs Hc}
g.5).
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Fig. 5. Organization of 10-nm filament ring.
Synchronized cells were harvested at 0 min(1).
30 min(2), 60 min(3), 90 min(4), and 120 min
(5). Their proteins were extracred and
transfered to N.C. paper after SDS-PAGE.
The presence of 10-nm filament proteins was
checked using CDCI12 antibodies.

Table 1. The rejationship between actin cluster and 10-
nm filament ring formation on budding site.
Percentage was based on counts of 300 cells
for each sample.

actin cluster ring formation

present | absent present | absent
ring 98 2 actin 92 8
rings}  FAbgE A]7)el melnd 2e]EE actindg

filament ring3}2] BA Z. actino}] Rol7] wjFo
filament ringe] A7]:=%] &2 filament ringe]
717) wieoll actine] Rele=rE :AlEE?] #shed
T ddt AEE actin® Rhodamine-phalloidin®. &
label8}3 filament ring-& FITCZ double labeling
gl 2] FAbsled BoktHFig 4d.c). 2t F 3 actino)
2ol §-3lof A ofE-E filament ringe] Fglovk 8
%7} filament ringe] &xR3}A] ¢ieton 7 wit)E
filament ringe] £2sh= 3ol 2%2] A E7} actino)
oy glz] edetrHTable 1). 71efM &, actind} fila-
ment ringe <31 AE A7 gle] budsp A
H-9ell Hol= e w AlETh
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10-nm filament ring®] 71%-< ola)slr) 9sle
CDC12 #HAE ol&slgler o2 utEs] ¢se]
CDC12 422} Ecoli 3219} fusione sleq,
fusion 4 AE2HE FAZ A3l o) A9
yeast®] AA A3} immunoblotd &t} 2 <pu
°F 42kd#) polypeptide 2} uH2-¢ 8}4ic}. o]= CDC
129} sequencing© Z3-E] A4HE molecular weight
Q! 44kd o9 frabsled ekzhbe] alo)e chulao)
T2l whebA Jehdola Q7= s o]-g-3}o]
indirect immunofluorescence® 4| 2] QA B
#E ZARsled B A3l mother cell#} daughter
cell®] AAF-le]l Ea)e= 10-nm filament?] 23]
T AN Tchs Ao wE ALk o] REs17] 28t
cdel2 FARo] A EE CDCI12 83 Z 1abel stedoiy
filament7} 22°Coll = Ealsht. 37°C2 &AA ol
FHE W= 308 ool AlRbHch o) Mz} &ln|
e Azl Fdsty) CDC12 FA7 10-nm
filament ring& A4 3hel= A w314 =g}
Axbded el Ax. 10-nm filament ringe
bud?} & Fol bud F9ol A Av}e], cytokinesis
BEZ Aol Abebalvty B3E 9 o ulg), CDC3 3=
o83 A& 4=k 10-nm filament ringe bud~} o}
£7] 2094 Hell bud7t }& B9of A 1)
)= A7) AEA Fod Foll Atefa|n, ofr e
Y EE filament ringa} 4" o] 7l= 2205 ring}
T oringe] EAshs 4ot wAR g (18), B ooy
A= 919 3bo] filament ringe] Pzirr} Abelz|
<l 2 7)Ete]l Folo] o3 HIE Ezujors
ol-g-sto] zAabato] Baprh 1 A5} ofe] whAe cell
cycleS %53&te] #4) 10-nm  filament w2l o)
yeastflo] EAghtii= 7o) CDCI2 & o) &a}od
Stel oo Ho] o)F9 zA-oluli #lo] wha )
10-nm filament®] #4¥-& o] F&= whlae pudr}
v+e.7] ukZ doll polymerization ¥t} 4% 4
% Fol unpolymerization =4 72j3h 7]2ke
oB71A171E ol iz ola) Hhgl <elabw A}ed¥ic)

Yeast®] F8 cytoskeletal element?] actini )AL
veastol Ex1ghe} Bud7b vhe7] #elli= yeastif ol
HAA A EAsz) bud7} RS 7] bR Aol bud7t
U -Slel Beleh Budzh o A A w7
mother ccll#} daughter cell@e] A H-9lel =)
stz bud7h s S yeast AAE th4]
Folaleh EolA actin M2 Bod ni el 74
Fglell ebAl mal F A E£3] Fodo] elofilara tia)
yeast = EFolAlvhi= 7o) maAE|9rk2). e
actin3} 10-nm filament ring& §-AFsHA] &) %5}7]
el o]E 7he] #AE zAlabel mglt) shle]
cell& double-labeling8 ©1-83be3 actin®} filament
rings FAlell Bk A o)He M EikslA)
Aeshs Hew ek o]F wEsls] g8ty
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actin FdRo] MEe|A 10-nm filament ring?] 3
AH-E A BF Fell 9lom. o] Fe o]Ee
FRAEE B Aolgtw AuE,

cde3, cdel0, cdell, cdel2 E9dwo] MEZ 37°C
ol 4] wjek& w, 10-nm filament ringe] Apeb]w
2] sfe] bud7} AA Al A EAR Rodo] <o)
A ederh )d S wlFRe] 2o, 10-nm
filament ring2- &8}E buds} J& 2lo] Az}
AEA Fdel Fosle)ety 75 1 "y o)
o WA 2Tk B} o Wl v)%e e
7] flste] o2 AEoA FAg $H-AE clone
sted 159 71%S AHEE e og ool
odoleb Zhgir). &l S cerevisiaes} uwhEIIA] R
yeastel] £3= S pombeE Ao 2 o] Sa}a)
Tz EAE AL Qe Foln, CDCI2 &

A9} S, pombe2] A 2}o) wh-gol 4] Feigh kg
&= polypeptide & Wdslg] on, &) o} 3} 9}

o ®hX ZARFEe| gltt

S. cerevisiae®} S. pombe= EU3F yeastol] £8}x]
b AFEREAeR iy Zev) Ay, 245
27) 287 ojHel A= EeEgick )
=Gl ol S cerevisiae= budE A s
FobHe® #d3= budding yeaste]n. S, pombe=
bacteria*| ¥ o]-#¥ 2.8 R} fission yeasto)t}.
ok o] vpE o why o g ¥-odsh:= yeast Alo]o
2ol BAE fAlek b Alo] gy o)k v
T2 o] FAzle] dahe wile g 4%e
e P75 Aol we 28 & oz ilg
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ABSTRACT: Studies on the Organization of 10-nm Filament Ring in Saccharomyces cerevisiae
Kim, Seong-Chul, Jae-Wook Jung and Hyong Bai Kim (Department of Biotech-

nology, Korea University)

Saccharomyces cerevisiae contains 10-nm filament ring which lies just under the inner
surface of the plasma membranc within the mother-bud neck. Although 10-nm filaments
may be involved in cetlular morphogenesis, their role and organization are not clear. Here
we report the production of antibodies specific for the CDC12 protein by use of gene fusion
techniques. and studies on the organization and function of 10-nm filaments using these
antibodics. The CDC12 protein are translated through the whole cell cycle and present in
the cytosol. They are polymerized just before bud emergence and unpolymerized after
cytokinesis, and do not have organizational relationship witk actin. The possible role of
10-nm filaments is the determination of bud emergence site and completion of cytokinesis.



