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ABSTRACT

Recent r esul t s wi t h Neur ospor a cr assa show t hat one pr ot ei n ( S- 5, mol wt 52, 000)

associ at ed wi t h t he mi t ochondr i al ( mi l ) smal l r i bosomal subuni t i s t r ansl at ed

wi t hi n t he mi t ochondr i a ( Lambowi t z et al . 1976 . J. Mol . Bi ol . 107: 223- 253) . I n t he

pr esent wor k, Neur ospor a mi l r i bosomal pr ot ei ns wer e anal yzed by t wo- di men-

si onal gel el ect r ophor esi s usi ng a modi f i cat i on of t he gel syst em of Met s and

Bogor ad . The r esul t s show t hat S- 5 i s pr esent i n near st oi chi omet r i c concent r at i ons

i n hi gh sal t ( 0 . 5 MKCl ) - washed mi l smal l subuni t s f r omwi l d- t ype st r ai ns . S- 5 i s

among t he most basi c mi l r i bosomal pr ot ei ns ( pl >I 0) and has a hi gh af f i ni t y f or

RNAunder t he condi t i ons of t he ur ea- cont ai ni ng gel buf f er s .

The r ol e of S- 5 i n mi l r i bosome assembl y was i nvest i gat ed by an i ndi r ect

met hod, maki ng use of chl or ampheni col t o speci f i cal l y i nhi bi t mi l pr ot ei n synt he-

si s . Chl or ampheni col was f ound t o r api dl y i nhi bi t t he assembl y of mi l smal l

subuni t s l eadi ng t o t he f or mat i on of CAP- 30S par t i cl es whi ch sedi ment sl i ght l y

behi nd mat ur e smal l subuni t s ( LaPol l a and Lambowi t z . 1977 . J. Mol . Bi ol . 116 :

189- 205) . Two- di mensi onal gel anal ysi s shows t hat t he mor e sl owl y sedi ment i ng

CAP- 30S par t i cl es ar e def i ci ent i n S- 5 and i n sever al ot her pr ot ei ns, wher eas t hese
pr ot ei ns ar e pr esent i n nor mal concent r at i ons i n mat ur e smal l subuni t s f r om t he
same cel l s . Because S- 5 i s t he onl y mi l r i bosomal pr ot ei n whose synt hesi s i s

di r ect l y i nhi bi t ed by chl or ampheni col , t he r esul t s t ent at i vel y suggest t hat S- 5 pl ays

a r ol e i n t he assembl y of mi l smal l subuni t s . I n addi t i on, t he r esul t s ar e consi st ent

wi t h t he i dea t hat S- 5 st abi l i zes t he bi ndi ng of sever al ot her mi l smal l subuni t

pr ot ei ns .

Two- di mensi onal gel el ect r ophor esi s was used t o exami ne mi l r i bosomal pr ot ei ns

f r om [ poky] and si x addi t i onal ext r a- nucl ear mut ant s wi t h def ect s i n t he assembl y

of mi l smal l subuni t s . The el ect r ophor et i c mobi l i t y of S- 5 i s not del ect abl y al t er ed

i n any of t he mut ant s . However , [ poky] mi l smal l subuni t s ar e def i ci ent i n S- 5 and

al so cont ai n sever al ot her pr ot ei ns i n abnor mal l y l ow or hi gh concent r at i ons .

These and ot her r esul t s ar e consi st ent wi t h a def ect i n a mi l r i bosomal const i t uent

i n [ poky] .
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di mensi onal gel el ect r ophor esi s

Mi t ochondr i al ( mi t ) ' r i bosome assembl y r equi r es

t he par t i ci pat i on of bot h t he nucl ear and mi t o-

chondr i a) genet i c syst ems . I n al l or gani sms st udi ed

so f ar , mi t r RNAs ar e t r anscr i bed f r om mi t DNA

wher eas most of t he mi t r i bosomal pr ot ei ns ar e

al most cer t ai nl y nucl ear gene pr oduct s synt hesi zed

i n t he cyt osol and t r anspor t ed i nt o t he mi t ochon-

dr i a f or assembl y ( 7, 25) . I n t he f ungus Neur ospor a

cr assa, one pr ot ei n ( mol wt 52, 000 ; desi gnat ed S- 5

i n t he pr esent st ud y2) associ at ed wi t h t he mi t smal l

subuni t has been f ound t o be t r ansl at ed wi t hi n t he

mi t ochondr i a ( 13) . Kur i yama and Luck ( 10) pr o-

vi ded evi dence t hat t he mat ur e mi t r RNA speci es

( 19S and 25S) ar e synt hesi zed vi a a common 32S

RNA pr ecur sor . At l east 15 newl y synt hesi zed

smal l and l ar ge subuni t pr ot ei ns appear t o bi nd

ear l y, pr obabl y t o hi gh mol ecul ar wei ght pr ecur sor

RNA( s) , wher eas t he r emai ni ng pr ot ei ns, i ncl ud-

i ng S- 5, appear t o be added at a l at er st age of mi t

r i bosome assembl y ( 13, 17) .

A possi bl e r ol e of S- 5 i n mi t r i bosome assembl y

was i nf er r ed f r om t he f i ndi ng t hat chl or ampheni -

col r api dl y i nhi bi t s t he mat ur at i on of mi t smal l

subuni t s i n wi l d- t ype Neur ospor a, t hus l eadi ng t o

t he f or mat i on of CAP- 30S par t i cl es whi ch sedi -

ment sl i ght l y behi nd mat ur e smal l subuni t s ( 17) .

The CAP- 30S par t i cl es ar e enr i ched i n a pr ecur sor

of 19S RNA and def i ci ent i n sever al mi t smal l

subuni t pr ot ei ns . Because i nhi bi t i on of assembl y

i s r el at i vel y speci f i c f or t he mi t smal l subuni t and

because i t i s obser ved wi t hi n 15 mi n af t er addi t i on

of chl or ampheni col , i t seems l i kel y t o be a di r ect

r esul t of i nhi bi t i ng mi t pr ot ei n synt hesi s . Consi d-

er ed t oget her , t he r esul t s suggest t hat a mi t ochon-

dr i a) t r ansl at i on pr oduct , pr esumabl y S- 5, pl ays a

r ol e i n t he assembl y of mi t smal l subuni t s, i n

f aci l i t at i ng pr ocessi ng of 19S RNA, and i n st abi -

l i zi ng t he bi ndi ng of ot her mi t smal l subuni t pr o-

t ei ns ( 13, 17) .

The pr esent r epor t descr i bes cont i nued st udi es

on S- 5 i n Neur ospor a . At t he out set , pr ocedur es

wer e devel oped f or t wo- di mensi onal gel el ect r o-

' Abbr evi at i ons used i n t hi s paper : mi t , mi t ochondr i al ;
TEMED, N, N, N' , N' - t et r amet hyl et hyl enedi ami ne .
2 Thi s pr ot ei n was pr evi ousl y desi gnat ed S- 4a ( 13) . The
new nomencl at ur e i s based on t he posi t i on of t he pr ot ei n
i n t he t wo- di mensi onal gel syst em.
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phor esi s of Neur ospor a mi t r i bosomal pr ot ei ns .

These pr ocedur es wer e t hen appl i ed t o exami ne

t he r el at i onshi p of S- 5 t o t he mat ur at i on of CAP-

30Spar t i cl es and t o l ook f or mut at i onal al t er at i ons

i n S- 5 i n ext r a- nucl ear , smal l subuni t - def i ci ent

mut ant s . The r esul t s gi ve addi t i onal i nsi ght i nt o

t he pr oper t i es of S- 5 i n wi l d- t ype and mut ant

st r ai ns .

MATERI ALS AND METHODS

Mat er i al s

Wi l d- t ype st r ai ns wer e 74- OR23- I A ( FGSC No. 987) ,

abbr evi at ed 74A, and Em 5256A ( FGSC No . 626) .

[ Poky] ( 13- 6) , obt ai ned f r om D. J . L . Luck ( The Rock-

ef el l er Uni ver si t y, New Yor k) has t he nucl ear back-

gr ound of RL3- 8A. The ot her ext r a- nucl ear mut ant s

have been descr i bed by Ber t r and and Pi t t enger ( 2) : [ exn-

1] ( N4- 9- 4) , [ exn- 2] ( X- 21) , [ exn- 4] ( P85) , [ st pBl ] ( 17- 2a-

1) , [ SG- 1] ( RL3202- 23) , [ SG- 3] ( RL3120- 10) . The mu-
t at i ons wer e t r ansf er r ed by het er okar yosi s i nt o st r ai ns

wi t h nucl ear backgr ounds der i ved f r om74A.

Pr ocedur es f or mai nt ai ni ng st r ai ns and pr epar i ng co-
ni di a have been descr i bed by Luck ( 20) . Het er ot r ophi c
st r ai ns wer e mai nt ai ned by veget at i ve gr owt h on sl ant s
of Vogel ' s mi ni mal medi um pl us 2% ( wt / vol ) sucr ose
( 27) . Vi t ami n- r equi r i ng st r ai ns wer e gr own on mi ni mal
medi um suppl ement ed wi t h 10 1t g pant ot heni c aci d/ ml
and 10 wg ni cot i nami de/ ml .

Sucr ose was densi t y gr adi ent gr ade ( r i bonucl ease- f r ee ;
Schwar z/ Mann Di v . , Bect on, Di cki nson &Co . , Or ange-
bur g, N. J . ) . Ur ea and Tr i s wer e ul t r apur e gr ade
( Schwar z/ Mann) . Al l ot her chemi cal s wer e r eagent
gr ade.

Gr owt h of Mycel i a and Pur i f i cat i on

of Mi t ochondr i a

Mycel i a wer e gr own i n 800- ml or 1, 600- ml l i qui d

cul t ur es cont ai ned i n 2- or 4- 1 Ehr l enmeyer f l asks . 5- 10
1 of cul t ur e wer e r equi r ed t o obt ai n mat er i al f or each
t wo- di mensi onal gel . Cul t ur es wer e i nocul at ed wi t h 7 x
10 5 coni di a/ ml and shaken at 200 r ot ar y r eci pr ocat i ons/
mi n ( 25° C) . Mycel i a wer e har vest ed i n mi d- t o l at e- l og
phase, 14- h cul t ur es f or wi l d- t ype st r ai ns and 24- h cul -

t ur es f or ext r a- nucl ear mut ant s . The mycel i a wer e di s-

r upt ed by gr i ndi ng wi t h sand and mi t ochondr i a wer e
i sol at ed by t he f l ot at i on gr adi ent met hod ( 18 ; wi t h mod-
i f i cat i ons descr i bed by Lambowi t z [ 12] ) .

Label i ng wi t h Radi oact i ve Pr ecur sor s

L[ 4, 5' H] l euci ne ( 40 Ci / mmol ) and [ 5 ' H] ur i di ne ( 8
Ci / mmol ) wer e obt ai ned f r om Schwar z/ Mann . [ ss S] sul -

f ur i c aci d ( car r i er - f r ee) and [ " P] phosphor i c aci d ( car r i er -

f r ee) wer e obt ai ned f r om New Engl and Nucl ear ( Bost on,

Mass . ) . Label i ng wi t h L[ 4, 5' H] l euci ne and [ 5=' H] ur i di ne



was car r i ed out i n st andar d Vogel ' s medi um. Label i ng

wi t h [ 35S] sul f ur i c aci d was car r i ed out i n Vogel ' s medi um

cont ai ni ng 32 pM MgS04 ( 1/ 25 t he nor mal concent r a-

t i on of MgS0 4) but suppl ement ed wi t h MgC1 2 t o t he

nor mal Mg" concent r at i on . Label i ng wi t h 132 P] phos-

phor i c aci d was car r i ed out i n modi f i ed Vogel ' s mi ni mal

medi um of l ow phosphat e concent r at i on ( 0 . 2- 1 mg

KH21` 04/ 1111) ( 15) .

Ext r act i on and Anal ysi s of Mi t RNA

RNA was ext r act ed f r om whol e mi t ochondr i a usi ng

t he SDS- di et hyl pyr ocar bonat e pr ocedur e ( 18, 26) . Yeast

t RNA ( Si gma Chemi cal Co . , St . Loui s, Mo . ) was added

as car r i er so t hat t he f i nal RNA concent r at i on was - 1 . 0

OD2so U/ ml . El ect r ophor et i c anal ysi s of RNAs was car -

r i ed out as descr i bed by Peacock and Di ngman ( 22) on

6- mm t hi ck gel s cont ai ni ng 2. 4%acr yl ami de/ 0 . 8% aga-

r ose i n 30 mMNaH2 P0 4, 3 mMEDTA, 0. 05% SDS, and

40 mMTr i s - HCI , pH 7 . 9 . The gel s wer e r un at 140 V

( 20° C) unt i l t he br omophenol bl ue mar ker had mi gr at ed

t wo- t hi r ds of t he way t hr ough t he gel s . Gel s wer e dr i ed

by suct i on on What man 3 MMpaper ( What man, I nc . ,

Cl i f t on, N. J . ) and aut or adi ogr aphs wer e obt ai ned wi t h

RP X- Omat Fi l m ( Kodak) .

Pr epar at i on of Mi t Ri bosomal Subuni t s

Mi t r i bonucl eopr ot ei n pel l et s wer e pr epar ed i n hi gh

sal t , Ca+2 - cont ai ni ng medi a as descr i bed pr evi ousl y ( 12,

15) . Monomer pel l et s wer e di ssol ved i n HKMTD5oo/ 25

buf f er ( 500 mMKCI , 25 mMMgC12, 25 mMTr i s- HCI ,

pH 7 . 5, 5 mMdi t hi ot hr ei t ol ) and di ssoci at ed i nt o sub-

uni t s by i ncubat i on i n I mMpur omyci n ( adj ust ed t o pH

7 . 6) f or 15 mi n at 35° C ( 3) . 0 . 3- t o 0 . 4- ml al i quot s

cont ai ni ng a maxi mum of 5 OD26o U wer e l ayer ed

over l i near gr adi ent s of 5- 20% sucr ose cont ai ni ng

HKMTD5oo/ 25 and cent r i f uged i n a Beckman SW 41

r ot or ( Beckman I nst r ument s, I nc . , Spi nco Di v . , Ful l er -

t on, Cal i f ) ( 40, 000 r pm, 3 h, 3° C) . Gr adi ent s wer e

f r act i onat ed by moni t or i ng absor bance at 254 nmwi t h

an I SCO densi t y gr adi ent f r act i onat or ( I SCO [ I nst r u-

ment at i on Speci al t i es Co . ] , Li ncol n, Nebr . ) . Pool ed sub-

uni t f r act i ons wer e di l ut ed wi t h HKMTD5oo/ 25 and t he

subuni t s wer e pel l et ed by over ni ght cent r i f ugat i on i n a

Beckman Ti 50 r ot or ( 50, 000 r pm, 3° C) . To det er mi ne

t he di st r i but i on of r adi oact i vi t y i n t he gr adi ent s, 0. 3- ml

f r act i ons wer e col l ect ed i nt o sci nt i l l at i on vi al s, di l ut ed by

addi t i on of 0 . 5 ml of wat er , and count ed i n 10 ml of a

xyl ene- based sci nt i l l at i on f l ui d cont ai ni ng 5% ( wt / vol )

but yl - PBD and 30%( vol / vol ) Tr i t on X- 114 ( 1) .

One- Di mensi onal Gel El ect r ophor esi s

One- di mensi onal gel el ect r ophor esi s of mi t r i bosomal

pr ot ei ns was car r i ed out usi ng SDS gel s cont ai ni ng a

l i near gr adi ent of 7 . 5- 15% pol yacr yl ami de ( 6, 13) .

Two- Di mensi onal Gel El ect r ophor esi s

Mi t r i bosomal pr ot ei ns wer e ext r act ed usi ng t he acet i c

aci d pr ocedur e ( 9) and anal yzed by t wo- di mensi onal gel

el ect r ophor esi s usi ng a modi f i cat i on of t he syst em of

Met s and Bogor ad ( 21) . Mi t r i bosomal subuni t s f r om

pool ed gr adi ent f r act i ons wer e col l ect ed by over ni ght

cent r i f ugat i on ( Beckman Ti 50 r ot or , 50, 000 r pm, 16 h,

3° C) . Subuni t pel l et s cont ai ni ng 2- 10 OD2so U wer e

r i nsed and t hen r esuspended i n 100 pl of col d, di st i l l ed

wat er . I n l at er exper i ment s, 5 I I I of 1 MTr i szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" HCI , pH

7 . 5, wer e added and t he subuni t s wer e t r eat ed wi t h

r i bonucl ease ( 0 . 8 USi gma RNase A Type XI I - A and 24

U Si gma RNase T I , Gr ade I I I ) f or 30 mi n at 25° C. The

suspensi on was cool ed t o 3° C and pr ot ei ns wer e ex-

t r act ed by addi t i on of 0 . 5 ml of a mi xt ur e cont ai ni ng

80%( vol / vol ) acet i c aci d, 40 mMMg acet at e, and 4 mM

Tr i s " HCI , pH 7 . 5 . The suspensi on was dr awn up and

down i n a Past eur pi pet - 20 t i mes, and t hen t he RNA

r esi due was pel l et ed i n a Sor val l SS 34 r ot or ( DuPont

I nst r ument s- Sor val l , DuPont Co . , Newt own, Conn. )

( 10, 000 r pm, 15 mi n, 3° C) . The pr ot ei n- cont ai ni ng su-

per nat e was r ecover ed usi ng a Past eur pi pet wi t h t he t i p

dr awn t o a f i ne capi l l ar y t o excl ude cl umps . The r esi due

was r eext r act ed, t he super nat es wer e pool ed, and t he

pr ot ei ns wer e pr eci pi t at ed by addi t i on of 8 vol of col d

acet one . Af t er over ni ght i ncubat i on at - 20° C, t he pr e-

ci pi t at ed pr ot ei ns wer e pel l et ed at 3, 000 r pm ( 15 mi n,

3° C) i n an I nt er nat i onal Model K cent r i f uge ( Damon/

I EC Di v . , Damon Cor p . , NeedhamHei ght s, Mass . ) . The

pr ot ei n pel l et was washed t wi ce wi t h col d acet one t o

r emove r esi dual acet i c aci d. I t was t hen dr i ed under a

st r eam of f i l t er ed ai r and f i nal l y di ssol ved i n 40 Al of

ur ea sampl e buf f er cont ai ni ng 8 Mur ea, 10 mMbi sTr i s,

7 mMmer capt oet hanol , 10 mMdi t hi ot hr ei t ol , adj ust ed

t o pH 4 . 0 wi t h acet i c aci d . Cont r ol exper i ment s showed

t hat t he ext r act i on pr ocedur e yi el ds >85% of t he " S-

l abel ed pr ot ei n i ni t i al l y pr esent i n t he mi t r i bosomal

pel l et s . Less t han 1% of t he r adi oact i vi t y was f ound i n

ei t her t he RNA pel l et or t he acet one super nat e . El ect r o-

phor et i c anal ysi s showed t hat t he acet one super nat e di d

not r et ai n speci f i c pr ot ei ns but t hat one pr ot ei n ( mol wt

45, 000) was enr i ched i n t he RNA pel l et .

Gel l oads cont ai ned at l east 100 t i g of pr ot ei n as

est i mat ed f r om t he amount of subuni t s pr esent at t he

begi nni ng of t he ext r act i on. El ect r ophor esi s i n t he f i r st

di mensi on was car r i ed out on t hi n sl ab gel s ( 19 cmX 15

cmX 0. 8 mm) wi t h 1 . 5- cmsl ot s . The gel s cont ai ned 8 M

ur ea, 4%acr yl ami de, 0 . 1% bi sacr yl ami de, and 57 mM

bi sTr i s adj ust ed t o pH 5 . 0 wi t h acet i c aci d . Pol ymer i za-

t i on was i nduced by addi t i on of N, N, N, ' N, ' - t et r amet h-

yl et hyl enedi ami ne ( TEMED) ( 3 uI / ml ) and ammoni um

per sul f at e ( 0 . 3 mg/ ml ) . The upper buf f er was 10 mM

bi sTr i s adj ust ed t o pH4 . 0 wi t h acet i c aci d and t he l ower

buf f er was 0 . 18 Mpot assi um acet at e, adj ust ed t o pH 5 . 0

wi t h acet i c aci d. El ect r ophor esi s was t owar d t he cat hode

at a const ant cur r ent of 35 mA f or - r 5 . 5 h unt i l t he

pyr oni ne Y t r acki ng dye had mi gr at ed 1 . 3 Xt hr ough t he
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gel . Sl ot s f r om t he f i r st di mensi on wer e cut out , r i nsed
wi t h t r ansf er buf f er ( 55 mM Tr i s- S04 , pH 6 . 1) , pl aced
over t he second- di mensi on gel s, r i nsed agai n wi t h t r ans-

f er buf f er , and t hen el ect r ophor esed wi t hout addi t i onal
equi l i br at i on . Second di mensi ons wer e t he same SDS-

pol yacr yl ami de gr adi ent gel s whi ch wer e used f or one-

di mensi onal gel anal ysi s . Thegel di mensi ons wer e 34 cm
x 25 cmx 1 mmso t hat t wo f i r st - di mensi on gel s coul d
f i t over a si ngl e second- di mensi on gel . El ect r ophor esi s

was t owar d t he anode at const ant cur r ent of 40 mA unt i l

t he br omophenol bl ue t r acki ng dye had r eached t he

bot t om of t he gel s . Gel s wer e st ai ned wi t h Coomassi e

br i l l i ant bl ue and dr i ed by suct i on on What man 3 MM

f i l t er paper . For det er mi nat i on of r adi oact i vi t y, t he spot s

wer e cut f r om t he dr i ed gel s, pl aced i nt o sci nt i l l at i on

vi al s and i ncubat ed wi t h 0 . 5 ml of 20%( vol / vol ) H202

over ni ght at 55° C. Sampl es wer e count ed i n 10 ml of t he

xyl ene- based sci nt i l l at i on f l ui d descr i bed above ( 1) .

RESULTS

Two- Di mensi onal Gel El ect r ophor esi s

of Mi t Ri bosomal Pr ot ei ns

Fi gs . 1 and 2 show t wo- di mensi onal gel s and

maps of mi t r i bosomal pr ot ei ns f r om wi l d- t ype

st r ai ns Em 5256A and 74A . Tabl e I l i st s t he pr o-

t ei ns by mol ecul ar wei ght and al so at t empt s t o

cor r el at e pr ot ei ns r esol ved i n t he t wo- di mensi onal

gel syst emwi t h t hose r esol ved i n t he pr evi ous one-

di mensi onal syst em. The pat t er ns show t hat t he

mi ni mum number s of mi t r i bosomal pr ot ei ns ar e

25 f or t he smal l subuni t and 34 f or t he l ar ge

subuni t compar ed t o 23 and 30 r esol ved pr evi ousl y

usi ng t he one- di mensi onal gel syst em ( 13) . The

l ar ge subuni t pat t er ns show a backgr ound of smal l

subuni t pr ot ei ns pr esumabl y r ef l ect i ng aggr ega-

t i on of smal l subuni t s on sucr ose gr adi ent s . The

backgr ound coul d be r educed by mor e r est r i ct i ve

f r act i onat i on of t he gr adi ent s, but l oss of mat er i al

made such f r act i onat i on i mpr act i cal f or r out i ne

t wo- di mensi onal gel anal ysi s . I t shoul d be not ed

t hat t he i dent i f i cat i on of t he l ar ge subuni t pr ot ei ns

i s conf i r med by pat t er ns f or mi t smal l subuni t -

def i ci ent mut ant s ( see bel ow) and t hat t her e ar e

r el at i vel y f ew over l aps bet ween t he mi t smal l and

l ar ge subuni t pr ot ei ns ( Fi g . 2 B) . Tabl e I shows

t hat t he Neur ospor a mi t r i bosomal pr ot ei ns r ange

i n mol wt f r om 15, 000 t o 60, 000 and t hat t he

l ar gest pr ot ei ns ar e f ound i n t he mi t smal l subuni t .

The pat t er ns f or t he t wo wi l d- t ype st r ai ns wer e

compar ed t o assess t he f r equency of mi t r i bosomal

pr ot ei n pol ymor phi sms as a pr el ude t o t he anal ysi s

of mut ant s der i ved f r om t hese st r ai ns . To maxi -

mi ze sensi t i vi t y, t he compar i sons i ncl uded mi xi ng
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exper i ment s i n whi ch unl abel ed 74A and ' SS- l a-

bel ed Em5256A mi t r i bosomal pr ot ei ns wer e co-

i sol at ed i n pr opor t i ons such t hat t he Coomassi e

bl ue st ai n showed onl y pr ot ei ns f r om74A and t he

aut or adi ogr ams onl y pr ot ei ns f r om Em 5256A .

The aut or adi ogr ams and st ai ni ng pat t er ns wer e

super i mposabl e except f or one pr ot ei n, L- 11,

whi ch appear ed t o be mor e basi c i n Em 5256A

t han i n 74A ( i ndi cat ed by t he ar r ows i n Fi g . 1 B
and D) .

Si t e of Synt hesi s of t he Mi t

Ri bosomal Pr ot ei ns

I n t he pr evi ous wor k, t he si t e of synt hesi s of t he

mi t r i bosomal pr ot ei ns was i nvest i gat ed i n doubl e-

l abel exper i ment s i n whi ch cel l s wer e mass- l abel ed

wi t h [ ' " C] l euci ne and t hen pul se- l abel ed wi t h

[ 3H] l euci ne i n t he pr esence of an i nhi bi t or of ei t her

cyt osol i c or mi t pr ot ei n synt hesi s ( 13) . One pr ot ei n

( mol wt 52, 000) associ at ed wi t h t he mi t smal l

r i bosomal subuni t was f ound t o be synt hesi zed

wi t hi n t he mi t ochondr i a . I n separ at e exper i ment s,

t he synt hesi s of t hi s pr ot ei n was shown t o be

r esi st ant t o ani somyci n, an i nhi bi t or of cyt osol i c

pr ot ei n synt hesi s, and speci f i cal l y i nhi bi t ed by

chl or ampheni col , an i nhi bi t or of mi t ochondr i al

pr ot ei n synt hesi s ( 13) . To l ocat e t hi s pr ot ei n i n t he

t wo- di mensi onal gel pat t er ns, wi l d- t ype cel l s wer e

t r eat ed wi t h cycl ohexi mi de t o i nhi bi t cyt osol i c pr o-

t ei n synt hesi s and t hen pul se- l abel ed wi t h L[ 4, 5-

3H] l euci ne f or 30 mi n . However , because of t he

pauci t y of r adi oact i vi t y t hat coul d be r ecover ed

af t er t wo- di mensi onal separ at i on, t he pr evi ous l a-

bel i ng pr ot ocol had t o be modi f i ed i n t wo r espect s :

( a) l og phase wi l d- t ype cel l s wer e concent r at ed 10-

f ol d bef or e pul se- l abel i ng, and ( b) t he [ ' " C] l euci ne

mass l abel used i n t he pr evi ous st udy was omi t t ed

t o f aci l i t at e count i ng of t he r el at i vel y smal l

amount of 3H- r adi oact i vi t y t hat coul d be r e-

cover ed . Omi ssi on of t he " C- mass l abel i s j ust i f i ed

by t he pr evi ous wor k whi ch showed t hat onl y one

pr ot ei n i n t he appr opr i at e mol ecul ar wei ght r ange

i ncor por at es subst ant i al L[ 4, 5- ' Hj l euci ne r adi oac-

t i vi t y when cyt osol i c pr ot ei n synt hesi s i s i nhi bi t ed

( 13) .

Fi g . 3 shows t he r esul t s of t wo exper i ment s . I n

t he f i r st , r adi oact i vi t y was i ncor por at ed pr edomi -

nant l y i nt o a si ngl e pr ot ei n, S- 5, on t he gel s ( Fi g .

3A; pr ot ei n i ndi cat ed by ar r ows i n Fi g . 1 A and

C) . I n t he second, r adi oact i vi t y was agai n f ound

i n S- 5, but al so i n a par al l el spot at t he or i gi n of

t he f i r st - di mensi on gel s ( Fi g . 3 B; i ndi cat ed by



ar r ow i n Fi g. 4A) . Because many ot her exper i -

ment s showed an i nver se cor r el at i on i n t he ap-

pear ance of t hese t wo spot s, t he r esul t s suggest

t hat r adi oact i vi t y i s i ncor por at ed i nt o one pr ot ei n,

S- 5, some var i abl e pr opor t i on of whi ch does not

ent er t he f i r st - di mensi on gel s . As seen i n Fi g . I A,

S- 5 i s a maj or pr ot ei n, r oughl y st oi chi omet r i c wi t h

FI GURE I

	

Two- di mensi onal gel el ect r ophor esi s of pr ot ei ns f r om mi t r i bosomal subuni t s . ( A) Em5256A,

30S; ( B) Em525óA, 50S; ( C) 74A, 30S; ( D) 74A, 50S. Smal l ar r ows i n ( A) and ( C) poi nt t o S- 5 ; smal l
ar r ows i n ( B) and ( D) poi nt t o L- 11 . The di r ect i on of el ect r ophor esi s i s i ndi cat ed by t he out si de ar r ows,

ot her mi t r i bosomal pr ot ei ns as j udged by Coo-

massi e bl ue st ai ni ng ( and i n ot her exper i ment s by

- l abel ) . The same

st oi chi omet r y was obser ved i n >20 exper i ment s

wi t h wi l d- t ype st r ai ns . The hi gh mobi l i t y of S- 5 i n

t he f i r st di mensi on pl aces i t among t he most basi c

mi t r i bosomal pr ot ei ns, pr obabl y wi t h a pl >I 0 by

21
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Maps of ( A) smal l subuni t and ( B) l ar ge subuni t mi t r i bosomal pr ot ei ns . Spot s wer e t r aced

f r om Fi g . 1 Cand D. The number ed spot s cor r espond t o maj or pr ot ei ns r esol ved r epr oduci bl y i n many

exper i ment s. The unf i l l ed spot s i n Fi g. 2B cor r espond t o smal l subuni t pr ot ei ns ( see t ext ) . To i mpr ove

r esol ut i on of t he maj or i t y of pr ot ei ns, t he f i r st di mensi on was over - r un i n some exper i ment s, r esul t i ng i n

t he l oss of l ow mol ecul ar wei ght basi c pr ot ei ns S- 22, L- 30, L- 33, and L- 34 ( see Fi g . 1) . Spot s f or cer t ai n

pr ot ei ns ( e . g . , S- 7, and S- I l i n Fi g . l C) wer e occasi onal l y " spl i t " i n t he second di mensi on, an ef f ect

at t r i but abl e t o i nt er act i on wi t h bor i c aci d pr esent i n t he upper buf f er ( 5) . Spot S- 5a ( Fi g . 2A) cor r esponds

t o S- 5 r et ai ned at t he or i gi n of t he f i r st di mensi on gel s .

compar i son wi t h t he measur ed pl ' s of ot her mi t

smal l subuni t pr ot ei ns ( dat a of Li zar di and Luck

1191) .

Sur pr i si ngl y, t he r et ent i on of S- 5 at t he or i gi n

of t he f i r st - di mensi on gel s was f ound t o r ef l ect

bi ndi ng t o r esi dual RNA f r agment s i n pr ot ei n

pr epar at i ons . As shown i n Fi g . 4, t he ent r y of S- 5

i nt o t he gel s was pr omot ed by t r eat i ng r i bosomal

subuni t s wi t h r i bonucl ease bef or e acet i c aci d ex-

t r act i on, wher eas ot her t r eat ment s such as heat i ng

t he ext r act ed pr ot ei ns i n t he ur ea sampl e buf f er t o

65° C i n t he pr esence or absence of 20%Noni det

had no ef f ect . Compl ement ar y exper i ment s

showed t hat addi t i on of 0. 2 OD260 Uof Escher i chi a

col i 16S + 23S RNA t o gel sampl es caused S- 5

and seven ot her pr ot ei ns t o be r et ai ned at t he f i r st -

di mensi on or i gi n wher eas t he r emai ni ng pr ot ei ns

mi gr at ed nor mal l y i n t he gel s . Addi t i onal pr ot ei ns

wer e r et ai ned as t he RNA concent r at i on was i n-

cr eased.

I n vi t r o bi ndi ng exper i ment s wer e car r i ed out t o

det er mi ne whet her mi t r i bosomal pr ot ei ns coul d

bi nd speci f i cal l y t o RNA i n ur ea- cont ai ni ng

buf f er s . Pool ed smal l and l ar ge subuni t pr ot ei ns

( - 150 j i g di ssol ved i n 0. 5 ml of ur ea sampl e buf f er ;
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see Mat er i al s and Met hods) wer e i ncubat ed ( 30

mi n, 25° C) wi t h 3- 6 OD260 U of pur i f i ed 19S

RNA, 25S RNA, or phage Q, ß RNA. The sampl es

wer e cent r i f uged at l owspeed ( Sor val l SS- 34 r ot or ,

10, 000 r pm, 20 mi n, 20° C) , t he super nat es r e-

cover ed, l ayer ed over a 6- ml cushi on of 15%su-

cr ose i n ur ea sampl e buf f er , and cent r i f uged at

hi gh speed ( Beckman 50 Ti r ot or , 50, 000 r pm, 16

h, 20° C) . Al l t hr ee RNAs caused t he f or mat i on of

aggr egat es whi ch pel l et ed dur i ng t he l ow- speed

spi n . One- di mensi onal gel anal ysi s showed t hat

each of t he t hr ee RNAs bound al most i dent i cal

mi xt ur es of smal l and l ar ge subuni t pr ot ei ns, sug-

gest i ng t hat mi t r i bosomal pr ot ei ns bi nd nonspe-

ci f i cal l y t o RNA under t hese condi t i ons . ( The

hi gh- speed super nat e cont ai ned >50%of t he i ni -

t i al pr ot ei n, and t he hi gh- speed pel l et <I 0%of t he

i ni t i al pr ot ei n as j udged by r ecover y of " S- r adi o-

act i vi t y . ) Consi der ed t oget her , t he r esul t s suggest

t hat S- 5 i s r et ai ned at t he or i gi n of t he f i r st - di men-

si on gel s by nonspeci f i c bi ndi ng t o RNA f r ag-

ment s . The f i ndi ng t hat S- 5 i s of t en t he pr edomi -

nant pr ot ei n r et ai ned at t he or i gi n suggest s t hat i t

has a hi gh af f i ni t y f or RNA under t he ur ea gel

condi t i ons . I n subsequent exper i ment s, mi t r i bo-

somal subuni t s wer e t r eat ed wi t h r i bonucl ease be-

f or e acet i c aci d ext r act i on t o pr omot e ent r y of S- 5

i nt o t he gel s .



The Ef f ect of Chl or ampheni col

Af t er we devel oped t echni ques t o st udy S- 5 by

t wo- di mensi onal gel el ect r ophor esi s, our next ob-

j ect i ve was t o exami ne t he r el at i onshi p of S- 5 t o

abnor mal mi t r i bosome assembl y i n chl or amphen-

i col - t r eat ed wi l d- t ype cel l s and i n ext r a- nucl ear ,

mi t smal l subuni t - def i ci ent mut ant s . The pr evi ous

wor k had shown t hat chl or ampheni col r api dl y

i nhi bi t s t he mat ur at i on of mi t smal l subuni t s i n

wi l d- t ype Neur ospor a l eadi ng t o t he f or mat i on of

TABLE I

Neur ospor a Mi t Ri bosomal Pr ot ei ns

Neur ospor a mi t r i bosomal pr ot ei ns r esol ved by t wo- di mensi onal gel el ect r ophor esi s . The r el at i onshi p bet ween

el ect r ophor et i c mobi l i t i es and mol ecul ar wei ght s was est abl i shed wi t h t he f ol l owi ng mar ker s r un i n par al l el sl ot s i n

one- di mensi onal gel s : bovi ne ser umal bumi n ( 68, 000) , oval bumi n ( 43, 000) , DNase ( 3 1, 000) , chymot r ypsi n ( 22, 600) ,

and myogl obi n ( 17, 800) . The nomencl at ur e f or t he one- di mensi onal gel syst em i s t hat est abl i shed i n r ef er ence 13 .

CAP- 30S par t i cl es whi ch usual l y sedi ment behi nd

mat ur e smal l subuni t s ( 17) . Af t er pr ol onged i ncu-

bat i on i n chl or ampheni col , t he r esi dual 30S peak

was of t en f ound t o be spl i t , t hus suggest i ng t he

pr esence of bot h CAP- 30S par t i cl es and mat ur e

mi t smal l subuni t s, t he f or mat i on of t he l at t er

bei ng consi st ent wi t h t he obser vat i on t hat chl or -

ampheni col i nhi bi t s onl y 65- 90% of mi t pr ot ei n

synt hesi s i n Neur ospor a ( 19) . Agai n, i n t he pr e-

vi ous wor k, one- di mensi onal gel el ect r ophor esi s

LAMBOWI TZ, LAPOLLA, AND COLLI NS

	

Mi t ochondr i al Ri bosome Assembl y 23

Smal l Subuni t

Cor r el at i on wi t h one- di men-

Lar ge Subuni t

Cor r el at i on wi t h one- di men-

Pr ot ei n mol wt x 10' si onal gel Pr ot ei n mol wt x 10 ' si onal gel

1 59 . 3 1, 3 1 49 . 0 1

2 57 . 5 2 2 46 . 5 2

3 56 . 5 1, 3 3 46 . 5 2

4 52 4b 4 45 . 4 3, 4

5 52 4a 5 41 . 0 4, 5

6 48 . 0 5 6 37 . 2 6

7 47 . 5 6 7 35 . 8 7

8 44 . 5 7 8 34. 0 8

9 35 . 4 8 9 34 . 0 8

10 30. 5 9 10 29 . 8 9, 10

1l 29 . 8 10, 11 11 28 . 9 10

12 29 . 7 10, 11, 12 12 28 . 9 10

13 29 . 4 11, 12 13 28 . 8 9, 10

14 28 . 8 12, 13, 14 14 27 . 3 9, 10

15 27 . 5 13, 14, 15 15 26. 8 9, 10, 10a, 11

16 27 . 5 15, 16 16 24 . 8 12, 13

17 25 . 8 16, 17, 18 17 24. 5 13, 14

18 24 . 2 18 18 24. 4 14, 15

19 22 . 7 18, 19 19 23 . 8 16, 17

20 22. 0 20 20 22 . 6 15, 16, 17

21 18 . 2 21 21 22. 1 15, 16, 17

22 17 . 5 22 22 22. 1 16, 17

23 17 . 4 22 23 20. 3 18

24 17 . 4 22 24 19 . 8 19

25 17 . 2 23 25 19. 3 20

26 19 . 0 21

27 19 . 0 22

28 18 . 5 23

29 18 . 3 24, 25, 26

30 17 . 4 26, 27

31 16 . 8 28

32 16 . 2 29

33 16 . 0 30

34 16 . 0 30
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I ncor por at i on of L- [ 4, 5 3H] l euci ne i nt o mi t

smal l subuni t r i bosomal pr ot ei ns i n t he pr esence of

cycl ohexi mi de . ( A) and ( B) show r esul t s f or t wo i nde-

pendent exper i ment s . 8 . 01 of wi l d- t ype ( Em5256A) cel l s

wer e gr own f or 14 h at 25° C. The cel l s wer e t hen

har vest ed under st er i l e condi t i ons, r esuspended i n 800

ml of f r esh cul t ur e medi um, and i ncubat ed f or a 15- mi n

equi l i br at i on per i od . Cycl ohexi mi de was added as a

powder t o a f i nal concent r at i on of 0. 6 mg/ ml , and 2 mi n

l at er t he cel l s wer e pul se- l abel ed wi t h 10 mCi L- [ 4, 5-

3H] l euci ne f or 30 mi n . Mi t r i bosomal pr ot ei ns wer e

separ at ed by t wo- di mensi onal gel el ect r ophor esi s and

t he r adi oact i vi t y was det er mi ned i n each spot as de-

scr i bed i n Met hods . The count s associ at ed wi t h S- 22 and

S- 25 i n Fi g . 3A ar e not r epr oduci bl e; t hey may r ef l ect

compl et i on of l owmol ecul ar wei ght cyt osol i cal l y synt he-

si zed pr ot ei ns i n t he pr esence of cycl ohexi mi de i n t hi s

exper i ment . S- 5a r ef er s t o S- 5 r et ai ned at t he or i gi n of

t he f i r st di mensi on gel s .

was used t o det er mi ne t he pr ot ei n composi t i on of

t he combi ned 30S peak ( 17) , an appr oach adopt ed

f or r out i ne anal ysi s because t he t wo par t i cl es occur

i n l ow concent r at i ons and ar e not al ways wel l

r esol ved on sucr ose gr adi ent s . The r esul t s sug-

gest ed t hat CAP- 30Spar t i cl es ar e def i ci ent i n sev-

er al pr ot ei ns i ncl udi ng S- 5, but t he st oi chi omet r y

of sever al pr ot ei ns was var i abl e i n di f f er ent exper -

i ment s ( 17) .

To mor e pr eci sel y def i ne t he pr ot ei n composi -

t i on of t he CAP- 30S par t i cl es, CAP- 30S par t i cl es

and mat ur e mi t smal l subuni t s wer e i sol at ed sep-

ar at el y f r om t he same gr adi ent s and t hei r pr ot ei ns

wer e anal yzed by t wo- di mensi onal gel el ect r opho-

r esi s . Thi s t ype of exper i ment coul d not be car r i ed

out r out i nel y f or t he r easons ci t ed above ; never -

t hel ess, i t seemed essent i al t o car r y out at l east one

such exper i ment . The r esul t s i n Fi g . 5 st r i ki ngl y

24
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show t hat t he mor e sl owl y sedi ment i ng CAP- 30S

par t i cl es ar e def i ci ent i n S- 5 and sever al ot her

pr ot ei ns ( e . g . , S- 8 and S- 9 ; Fi g . 5 B) wher eas ma-

t ur e mi t smal l subuni t s f r om t he same gr adi ent s

cont ai n al l pr ot ei ns i n near l y nor mal concent r a-

t i ons ( Fi g . 5 C) . ( The gel pat t er n f or mat ur e smal l

subuni t s shows a backgr ound of l ar ge subuni t

pr ot ei ns because of t he posi t i on of t he " cut s"

dur i ng sucr ose gr adi ent f r act i onat i on . ) Resul t s

consi st ent wi t h t hese wer e obt ai ned i n one addi -

t i onal exper i ment i n whi ch t he pr ot ei n composi -

t i on of t he separ at ed par t i cl es was det er mi ned by

one- di mensi onal gel el ect r ophor esi s. I n bot h ex-

per i ment s, no al t er at i on coul d be det ect ed i n t he

gel pat t er ns f or l ar ge subuni t pr ot ei ns ( dat a not

shown) , essent i al l y conf i r mi ng pr evi ous f i ndi ngs

( 17) .

To syst emat i cal l y i dent i f y t he pr ot ei ns def i ci ent

i n CAP- 30S par t i cl es i n t he exper i ment of Fi g . 5,

we l abel ed t he pr ot ei ns i n vi vo wi t h [
aa

S] sul f at e

( 10 mCi ) and measur ed t he r adi oact i vi t y i n each

spot . St oi chi omet r y was t hen det er mi ned as r adi o-

act i vi t y r el at i ve t o S- 1 . The yi el d of pr ot ei ns f r om

CAP- 30S par t i cl es i s l ow, and onl y - 100 cpmwer e

r ecover ed i n each spot . For t hi s r eason, def i ci ent

pr ot ei ns wer e def i ned as t hose whi ch cont ai ned

<50%nor mal amount s of r adi oact i vi t y and whi ch

al so appear ed def i ci ent on t he basi s of t he Coo-

massi e bl ue- st ai ni ng pat t er n ( Fi g . 5) . By t hese

cr i t er i a, S- 5 and at l east si x ot her pr ot ei ns ( S- 8, S-

9, S- 12, S- 13, S- 14, and S- 19) ar e def i ci ent i n CAP-

30S par t i cl es ( Fi g . 5 B) . Quant i t at i on of 35 S- l abel ,

even t aki ng i nt o account t he smal l amount of S- 5

whi ch may be pr esent at t he or i gi n of t he f i r st

di mensi on gel s ( Fi g. 5B) , shows t hat t he concen-

t r at i on of S- 5 i s <25% t hat f ound i n mat ur e mi t

smal l subuni t s . Mor eover , t he magni t ude of t he

pr ot ei n def i ci enci es may be under est i mat ed be-

cause of cont ami nat i on of t he CAP- 30S f r act i on

by mat ur e mi t smal l subuni t s ( Fi g . 5A) .

To assess t he r epr oduci bi l i t y of t he pr ot ei n com-

posi t i on of CAP- 30S par t i cl es, we car r i ed out >I 0

addi t i onal exper i ment s i n whi ch wi l d- t ype cel l s

wer e gr own i n chl or ampheni col f or 17 h and t he

pr ot ei ns of t he combi ned 30S peak wer e anal yzed

by one- or t wo- di mensi onal gel el ect r ophor esi s .

These exper i ment s showed t hat aber r ant mi t smal l

subuni t s def i ci ent i n S- 5 ar e consi st ent l y f or med

i n t he pr esence of chl or ampheni col , but t hat t hei r

exact pr ot ei n composi t i on and sedi ment at i on r at e

can var y i n di f f er ent exper i ment s . Physi ol ogi cal

par amet er s such as gr owt h t emper at ur e ( bet ween

20° and 30 ° C) , degr ee of aer at i on, and age of
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Tr eat ment wi t h RNase f aci l i t at es ent r y of S- 5 i nt o t he f i r st - di mensi on gel s . 19 . 21 of wi l d- t ype

( Em 5256A) cel l s wer e gr own f or 14 h at 25° C. Smal l and l ar ge subuni t f r act i ons wer e col l ect ed f r om

sucr ose gr adi ent s, pool ed, and cent r i f uged t o gi ve f our pel l et s of washed mi t r i bosomal subuni t s . ( A)

Cont r ol , t he pel l et was ext r act ed wi t h acet i c aci d and anal yzed by t wo- di mensi onal gel el ect r ophor esi s as

descr i bed i n Mat er i al s and Met hods . ( B) The pel l et was r esuspended i n 100 pl of 50 mMTr i s- HCI , pH

7. 5, and t r eat ed wi t h r i bonucl ease ( 0. 8 USi gma RNase AType XI I - A and 24 USi gma RNase T, , Gr ade

I I I ) f or 30 mi n bef or e acet i c aci d ext r act i on. ( C) The pel l et was ext r act ed wi t h acet i c aci d as descr i bed i n

Mat er i al s and Met hods; pr ot ei ns wer e heat ed t o 65° C f or 5 mi n i n t he ur ea sampl e buf f er bef or e

el ect r ophor esi s. ( D) Pr ocedur e same as ( C) but wi t h 20%Noni det pr esent i n t he ur ea sampl e buf f er . The

smal l ar r ows poi nt t o S- 5 . The di r ect i on of el ect r ophor esi s i s i ndi cat ed by t he out si de ar r ows .
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FI GURE 5

	

Two- di mensi onal gel el ect r ophor esi s of pr ot ei ns pr esent i n CAP- 30S par t i cl es and put at i ve

mat ur e smal l subuni t s . 19 . 2 1 of wi l d- t ype ( Em5256A) cel l s wer e gr own f or 17 h at 25° C i n t he pr esence
of chl or ampheni col ( 4 . 0 mg/ ml ) . Ri bonucl eopr ot ei n par t i cl es wer e separ at ed on hi gh sal t - sucr ose gr adi ent s
as descr i bed i n Mat er i al s and Met hods . CAP- 30S par t i cl es and put at i ve mat ur e smal l subuni t s wer e
col l ect ed f r om each gr adi ent and mat er i al f r om 12 gr adi ent s was pool ed f or t wo- di mensi onal pr ot ei n
anal ysi s . ( A) Repr esent at i ve gr adi ent ; t he smal l ar r ows show wher e " cut s" wer e made f or each f r act i on ;
t he hei ght of t he CAP- 30S and 50S peaks ar e 0 . 15 and 2. 5 OD260 uni t s, r espect i vel y . ( B) Pr ot ei ns f r om

CAP- 30S par t i cl es and ( C) pr ot ei ns f r om smal l subuni t f r act i on; t hi s f r act i on al so shows a backgr ound of
l ar ge subuni t pr ot ei ns . The smal l ar r ows poi nt t o pr ot ei ns def i ci ent i n CAP- 30Spar t i cl es . The di r ect i on of
el ect r ophor esi s i s i ndi cat ed by t he out si de ar r ows .

coni di a used f or t he i nocul at i on of l i qui d cul t ur es

di d not af f ect t he var i abi l i t y . The f ol l owi ng poi nt s

can be made i n summar y : ( a) S- 5 was consi st ent l y

pr esent i n <50%nor mal concent r at i on as j udged

by t wo- di mensi onal gel el ect r ophor esi s i n f our

exper i ment s ; ( b) ni ne ot her mi t smal l subuni t pr o-

t ei ns wer e >50% def i ci ent i n at l east t wo exper i -

ment s and si x pr ot ei ns ( S- 8, S- 9, S- 12, S- 13, S- 14,

and S- 19) wer e def i ci ent t o t hat ext ent i n >50%of

t he exper i ment s ; and ( c) t he def i ci ency of S- 5 was

not absol ut el y cor r el at ed wi t h t he def i ci ency of t he

ot her pr ot ei ns . I n one exper i ment , t wo- di men-

si onal gel pat t er ns showed S- 5 def i ci ent but al l t he

ot her pr ot ei ns pr esent i n near nor mal concent r a-

t i ons . The l ast r esul t shows t hat t he bi ndi ng of S-

5 i s not absol ut el y r equi r ed f or t he bi ndi ng of t he

ot her pr ot ei ns . The def i ci ency of S- 5 i n t he CAP-

30S par t i cl es i s consi st ent wi t h t he f ol l owi ng i nt er -

pr et at i on: t hat bi ndi ng of S- 5 i s t he r at e- l i mi t i ng

st ep i n t he assembl y of mi t smal l subuni t s i n t he
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pr esence of chl or ampheni col and t hat t he appear -

ance of t he mor e def ect i ve par t i cl es i s r el at ed t o

t he absence of S- 5 . However , because t he evi dence

i s i ndi r ect , t hi s i nt er pr et at i on shoul d be consi der ed

t ent at i ve.

Ext r a- Nucl ear , Smal l Subuni t -

Def i ci ent Mut ant s

The exi st ence of S- 5 came t o l i ght as a r esul t of

st udi es on [ poky] , a mi t smal l subuni t - def i ci ent

mut ant ( 23, 24) , af t er f i nger pr i nt i ng anal ysi s f ai l ed

t o det ect any def ect i n t he pr i mar y st r uct ur e of t he

mi t r RNAs ( 13, 15) . Mor e r ecent l y, mi t r i bosome

assembl y def ect s si mi l ar t o t hat i n [ poky] have

been f ound i n si x addi t i onal ext r a- nucl ear mut ant s

whi ch had pr evi ousl y been consi der ed r el at ed t o

[ poky] on t he basi s of mi t ochondr i al phenot ype

and r esponse t o t he f - gene suppr essor ( 8, 16) .

Kur i yama and Luck ( l 1) pr ovi ded evi dence t hat



FI GURE 6

	

Gel el ect r ophor et i c anal ysi s of mi t r RNAs

f r om wi l d- t ype Em5256A and seven ext r anucl ear , smal l

subuni t - def i ci ent mut ant s . Cel l s wer e mass- l abel ed wi t h

[ " P] or t hophosphat e ( sp act 0 . 25 mCi / mmol ) and t hen
pul se- l abel ed wi t h 5 mCi [ 53H] ur i di ne f or 30 mi n . Mi t

r RNAs wer e i sol at ed by t he SDS- di et hyl pyr ocar bonat e
met hod and anal yzed by el ect r ophor esi s on composi t e

agar ose- acr yl ami de gel s as descr i bed i n Mat er i al s and

Met hods . The f i gur e shows an aut or adi ogr aph of t he
dr i ed gel . The di r ect i on of el ect r ophor esi s i s f r om t op t o
bot t om. Al t hough t he sl ot f or [ exn- 1 ] does not show
[ 32p] mass- l abel cor r espondi ng t o 32S RNA, i t di d show
a peak of [ 53H] ur i di ne pul se- l abel at t he expect ed posi -
t i on.

32S RNA i s synt hesi zed i n [ poky] but t hat 19S

RNAsequences ar e r api dl y degr aded l eadi ng t o a

def i ci ency of mi t smal l subuni t s . Fi g . 6 shows gel

el ect r ophor et i c anal ysi s of whol e mi t r RNAs

whi ch ext ends t hi s r esul t t o t he ot her mut ant s . I n

al l si x cases, t he gel s show pr edomi nant l y 25S

RNAwi t h 19SRNAgr ossl y def i ci ent . I n addi t i on,

t he mut ant s show bands cor r espondi ng t o hi gh

mol ecul ar wei ght pr ecur sor RNAs whi ch comi -

gr at e wi t h wi l d- t ype pr ecur sor RNAs . Pul se- l abel -

i ng dat a f r om t hi s exper i ment conf i r m t hat hi gh

mol ecul ar wei ght pr ecur sor ( s) ar e synt hesi zed i n

t he mut ant s, but t hat 19S RNA i s r api dl y de-

gr aded . ' The r esul t s ar e consi st ent wi t h t he i dea

t hat al l of t he mut ant s have a pr i mar y def ect i n

t he same component .

To det er mi ne whet her t he al t er ed component

mi ght be S- 5, we exami ned mi t r i bosomal pr ot ei ns

f r om t he mut ant st r ai ns by t wo- di mensi onal gel

el ect r ophor esi s as shown i n Fi g. 7 . Because of t he

l ow concent r at i on of mi t smal l subuni t s i n t he

mut ant s, pr ot ei n anal ysi s was car r i ed out on

pool ed smal l and l ar ge subuni t f r act i ons maki ng

use of t he l ar ge subuni t pr ot ei ns as " car r i er s" f or

t he smal l subuni t pr ot ei ns . The dar k spot s i n Fi g .

7 ar e l ar ge subuni t pr ot ei ns agai nst whi ch t he

smal l subuni t pr ot ei ns appear as a backgr ound of

l i ght er spot s; t he posi t i on of S- 5 i s i ndi cat ed by t he

ar r ows . Two poi nt s can be made f r om t he gel s :

f i r st , t he el ect r ophor et i c mobi l i t y of S- 5 does not

appear al t er ed i n any of t he mut ant s . Thi s poi nt

was conf i r med by mi xi ng exper i ment s i n whi ch

t he el ect r ophor et i c mobi l i t i es of S- 5 f r om wi l d-

t ype and each of t he mut ant st r ai ns wer e shown t o

be i dent i cal by co- mi gr at i on of unl abel ed wi l d-

t ype and " S- l abel ed mut ant mi t r i bosomal pr o-

t ei ns ( pr ot ocol of Fi g. 9; dat a not shown) . Second,

t he st oi chi omet r y of S- 5 appear s t o be near nor mal

i n most mut ant s. However , t he r esul t s of Fi g. 9

and addi t i onal gel anal yses showed t hat S- 5 i s

pr esent i n <50%nor mal concent r at i ons i n [ poky]

mi t smal l subuni t s ( see bel ow) , and t her e was some

i ndi cat i on ( dat a not shown) t hat t he st oi chi omet r y

of S- 5 mi ght be var i abl e i n [ exn- 1] and [ exn- 4] . I t

shoul d be not ed t hat t he i nf er ences about st oi chi -

omet r y ar e based on at l east t hr ee exper i ment s f or

each st r ai n and t hat we ar e t aki ng i nt o account S-

5 pr esent at t he or i gi n of t he f i r st - di mensi on gel s

( S- 5a ; see pat t er n f or [ SG- 1] ; S- 5a i s pr esent i n t he

gel f or [ SG- 3] but not vi si bl e i n t he phot ogr aph) .

Compar i son of [ poky] Mi t Smal l Subuni t s

and CAP- 30S Par t i cl es

To det er mi ne whet her t he mi t r i bosome assem-

bl y def ect i n [ poky] coul d be at t r i but ed t o a di -

mi ni shed capaci t y f or mi t pr ot ei n synt hesi s, t he

phenot ypes of [ poky] and chl or ampheni col -

t r eat ed wi l d- t ype cel l s wer e compar ed i n det ai l .

Fi g. 8 shows sucr ose gr adi ent anal yses i n whi ch

' H- l abel ed mi t r i bosomal subuni t s f r om wi l d- t ype

cel l s wer e cosedi ment ed wi t h " P- l abel ed RNP

f r om ei t her chl or ampheni col - t r eat ed wi l d t ype or

' Col l i ns, R. A. , H. Ber t r and, R. J . LaPol l a, and A. M.

Lambowi t z . Submi t t ed f or publ i cat i on .
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FI GURE 7

	

Two- di mensi onal gel el ect r ophor esi s of mi t r i bosomal pr ot ei ns f r om si x ext r a- nucl ear , smal l

subuni t - def i ci ent mut ant s . Si mi l ar r esul t s wer e obt ai ned f or [ si pBf l , but t he gel s ar e not shown . 9 . 6 1 of

cel l s of each st r ai n wer e gr own f or 24 h at 25° C. Gel s show pr ot ei ns pr esent i n pool ed smal l and l ar ge

subuni t f r act i ons f r om hi gh sal t - sucr ose gr adi ent s . The smal l ar r ows poi nt t o S- 5 . The di r ect i on of

el ect r ophor esi s i s i ndi cat ed by t he out si de ar r ows .

[ poky] . Fi g . 8 A shows t hat CAP- 30S par t i cl es

sedi ment as a symmet r i cal peak behi nd wi l d- t ype

mi t smal l subuni t s ( peaks at f r act i ons 17 and 22,

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 82, 1979

r espect i vel y) wher eas Fi g . 8 B shows t hat [ poky]

cont ai ns a si ngl e 30S par t i cl e pr esent i n l ow con-

cent r at i ons but cosedi ment i ng wi t h wi l d- t ype mi t



FI GURE 8

	

Sucr ose gr adi ent anal ysi s of ( A) ' H- l abel ed

RNP f r om wi l d- t ype cel l s mi xed wi t h 32P- l abel ed RNP

f r om chl or ampheni col - t r eat ed wi l d- t ype cel l s, and ( B)

3 H- l abel ed RNP f r om wi l d- t ype cel l s mi xed wi t h 12p_

l abel ed RNP f r om[ poky] . Mi t RNPs wer e i sol at ed f r om

l abel ed cel l s as descr i bed i n Mat er i al s and Met hods and
mi xed bef or e sucr ose gr adi ent cent r i f ugat i on . The gr a-

di ent s ar e dr awn t o emphasi ze t he smal l subuni t f r ac-

t i ons . ( O- - 0) ' H- r adi oact i vi t y ; ( 4" ) 32 P- r adi oact i vi t y .

The di r ect i on of sedi ment at i on i s i ndi cat ed by t he ar r ow.

smal l subuni t s ( peak at f r act i on 21 ; Fi g, 8B) .

Si gni f i cant l y, t he gr adi ent f or [ poky] shows no

peak at t he posi t i on expect ed f or CAP- 30S par t i -

cl es ( f r act i ons 16 and 17) .

The pr ot ei n composi t i on of [ poky] mi t smal l

subuni t s was det er mi ned i n exper i ment s i n whi ch

unl abel ed wi l d- t ype and " S- l abel ed [ poky] mi t

r i bosomal pr ot ei ns wer e co- i sol at ed . I n t hi s t ype

of exper i ment , t he wi l d- t ype st r ai n cont r i but es

suf f i ci ent mass t o per mi t separ at e anal ysi s of

[ poky] smal l and l ar ge subuni t pr ot ei ns wi t h t he

unl abel ed wi l d- t ype pr ot ei ns ser vi ng as car r i er s f or

t he l abel ed [ poky] pr ot ei ns . Fi g . 9 shows aut or a-

di ogr aphi c pat t er ns of smal l subuni t pr ot ei ns f r om

wi l d t ype and [ poky] . These pat t er ns al ong wi t h

quant i t at i on of 31 S- l abel i n t hr ee i ndependent ex-

per i ment s suggest t hat S- 5 i s pr esent i n <50%

nor mal concent r at i ons i n [ poky] mi t smal l sub-

uni t s. I n t he exper i ment of Fi g. 9, S- 3 and S- 14

ar e al so def i ci ent and S- 6 i s pr esent i n mor e t han

t wof ol d excess . However , S- 9, whi ch appear ed

def i ci ent i n t he pr evi ous one- di mensi onal gel anal -

ysi s ( 13) , was f ound i n near nor mal concent r at i ons

i n t he pr esent exper i ment s . The ar r ows i n Fi g. 9 B

FI GURE 9

	

Two- di mensi onal gel pat t er ns of smal l subuni t pr ot ei ns f r omwi l d- t ype Em5256A and [ poky]
13- 6 . 800 ml of wi l d- t ype and [ poky] cel l s wer e l abel ed i n l ow sul f at e medi um wi t h 5 mCi and 10 mCi
[ 35 S] sul f at e, r espect i vel y ( see Mat er i al s and Met hods) . The cel l s of each st r ai n wer e har vest ed and mi xed
wi t h 6. 4 1 of wi l d- t ype 74A . The f i gur e shows aut or adi ogr ams of pr ot ei ns pr esent i n t he smal l subuni t
f r act i ons f r om hi gh sal t - sucr ose gr adi ent s . The smal l ar r ows i n t he [ poky] pat t er n poi nt t o " ext r a" pr ot ei ns
pr esent i n [ poky] ( see t ext ) . The di r ect i on of el ect r ophor esi s i s i ndi cat ed by t he ar r ows .
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poi nt t o sever al " ext r a" pr ot ei ns whi ch consi st ent l y

appear i n [ poky] mi t smal l subuni t pat t er ns . These

pr ot ei ns ar e t ent at i vel y assi gned t o a pr ecur sor of

l ar ge subuni t s whi ch was pr evi ousl y f ound i n t he

30S f r act i on ( 17) . The f our i ndi cat ed pr ot ei ns have

el ect r ophor et i c mobi l i t i es cor r espondi ng t o L- 3, L-
7, L- 8, and L- 20 . They ar e somet i mes f ai nt l y vi si -

bl e i n wi l d- t ype mi t smal l subuni t pat t er ns ( Fi g.

9A) but ar e mor e pr omi nent i n [ poky] , pr esum-

abl y because t he l ar ge subuni t pr ecur sor compr i ses

a gr eat er pr opor t i on of t he 30S f r act i on . Because

t he al t er at i ons ci t ed above i n [ poky] mi t smal l

subuni t s ar e obser ved i n mi xi ng exper i ment s i n

whi ch wi l d- t ype mi t smal l subuni t s ar e pr esent i n

excess, t hey ar e l i kel y t o r ef l ect physi ol ogi cal di f -

f er ences r at her t han ar t i f act s of i sol at i on of pr o-

t ei ns f r om mut ant st r ai ns . A key f i ndi ng i s t hat

[ poky] mi t smal l subuni t s cont ai n nor mal concen-

t r at i ons of some pr ot ei ns whi ch ar e or di nar i l y

def i ci ent i n CAP- 30S par t i cl es ( e . g . , S- 8, S- 12, and

S- 13) . No al t er at i on coul d be det ect ed i n gel pat -

t er ns f or [ poky] l ar ge subuni t pr ot ei ns ( dat a not

shown) , i n agr eement wi t h pr evi ous f i ndi ngs ( 13) .

DI SCUSSI ON

Two- di mensi onal gel anal ysi s shows t hat a mi t o-

chondr i al l y synt hesi zed pr ot ei n, S- 5, i s pr esent i n
st oi chi omet r i c concent r at i ons i n mi t smal l subuni t s

f r omwi l d- t ype Neur ospor a st r ai ns . The bi ndi ng of

S- 5 t o mi t smal l subuni t s i s speci f i c by t he f ol l ow-
i ng cr i t er i a: ( a) t he pr ot ei n r emai ns bound t o mi t
smal l subuni t s whi ch have been sedi ment ed
t hr ough sucr ose gr adi ent s cont ai ni ng 0. 5 M KCl

( Fi g . 1) , ( b) t he concent r at

r oughl y i n par al l el wi t h t hat ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA¬ ot her mi t smal l

subuni t pr ot ei ns i n mi t smal l subuni t - def i ci ent

mut ant s ( Fi gs . 7 and 9) , and ( c) i n exper i ment s i n

whi ch CAP- 30S par t i cl es and mi t smal l subuni t s

ar e obt ai ned f r om t he same cel l s, S- 5 i s f ound i n

nor mal concent r at i ons i n mat ur e mi t smal l sub-

uni t s but def i ci ent i n t he CAP- 30S par t i cl es ( Fi g .
5) . The l ast poi nt i s par t i cul ar l y si gni f i cant because

CAP- 30S par t i cl es and mat ur e smal l subuni t s ar e

cl osel y r el at ed and woul d be expect ed t o cont ai n

si mi l ar si t es f or nonspeci f i c bi ndi ng.

The gel anal ysi s shows t hat S- 5 i s among t he
most basi c mi t r i bosomal pr ot ei ns, pr obabl y wi t h
a pl >10, and t hat S- 5 has a r emar kabl y hi gh

af f i ni t y f or RNA i n ur ea- cont ai ni ng buf f er s . We

ar e nowmaki ng use of t he l at t er pr oper t y t o pur i f y

t he pr ot ei n by RNA af f mi t y chr omat ogr aphy. I t

i s t empt i ng t o specul at e t hat S- 5 bi nds t o 19S RNA
i n mi t smal l subuni t s and t hat t hi s bi ndi ng i s
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r el evant t o t he r ol e of S- 5 i n mi t r i bosome assem-

bl y or pr ot ei n synt hesi s . So f ar , however , i n vi t r o

bi ndi ng exper i ment s show onl y t hat S- 5 and ot her

mi t r i bosomal pr ot ei ns bi nd nonspeci f i cal l y t o

RNA i n ur ea- cont ai ni ng buf f er s . Exper i ment s un-

der physi ol ogi cal condi t i ons have been hi nder ed

by t he i nsol ubi l i t y of Neur ospor a r ni t r i bosomal

pr ot ei ns near neut r al pH ( unpubl i shed dat a) .

Two- di mensi onal gel el ect r ophor esi s was used

t o exami ne mi t r i bosomal pr ot ei ns f r om [ poky]

and si x addi t i onal ext r a- nucl ear mut ant s wi t h de-

f ect s i n t he assembl y of mi t smal l subuni t s . The

el ect r ophor et i c mobi l i t y of S- 5 i s not det ect abl y

al t er ed i n any of t he mut ant s as j udged by co-

mi gr at i on of S- 5 f r om mut ant and wi l d- t ype cel l s

i n mi xi ng exper i ment s . I n addi t i on, S- 5 appear s t o

be pr esent i n near nor mal st oi chi omet r y i n most

of t he mut ant s al t hough S- 5 was consi st ent l y de-

f i ci ent i n [ poky] mi t smal l subuni t s . To det er mi ne

whet her t he mi t r i bosome assembl y def ect s i n

[ poky] mi ght be secondar y ef f ect s of a di mi ni shed

capaci t y f or mi t pr ot ei n synt hesi s, we compar ed i n

det ai l t he phenot ypes of [ poky] and chl or amphen-

i col - t r eat ed wi l d- t ype cel l s . Al t hough bot h ar e de-

f i ci ent i n mi t smal l subuni t s, sever al di f f er ences

wer e f ound, i ncl udi ng t he l ack of CAP- 30S par t i -

cl es i n [ poky] and t he r api d degr adat i on of 19S

RNA i n [ poky] compar ed t o i t s st abi l i t y i n chl or -

ampheni col - t r eat ed wi l d- t ype cel l s ( see al so r ef er -

ence 17) . Recent r esul t s wi t h nucl ear mut ant s con-

f i r m t hat i nhi bi t i on of mi t pr ot ei n synt hesi s can

l ead t o secondar y def ect s i n t he assembl y of mi t

smal l subuni t s whi ch cl osel y r esembl e t hose f ound

i n chl or ampheni col - t r eat ed wi l d- t ype cel l s ( 16) . ' ' I t

i s st i l l possi bl e, however , t hat speci f i c t ypes of

nonr i bosomal mut at i ons ( e . g. , t RNA mut at i ons ;

cf . r ef er ence 4) coul d mi mi c t he [ poky] phenot ype.

The unal t er ed el ect r ophor et i c mobi l i t y of S- 5 i n

[ poky] and t he ot her ext r a- nucl ear mut ant s does

not pr ecl ude a mut at i onal al t er at i on because ( a) a

mut at i on coul d have occur r ed wi t hout changi ng

t he char ge of t he pr ot ei n, and ( b) t he el ect r opho-

r et i c syst em i s pr obabl y not sensi t i ve enough t o

det ect smal l char ge di f f er ences i n pr ot ei ns of mol

wt 52, 000 ( 12) . I f such di f f er ences exi st , t hey mi ght

be det ect abl e by a mor e sensi t i ve t echni que such

as pol ypept i de f i nger pr i nt anal ysi s . Fur t her di s-

cussi on of t he r el at i onshi p of S- 5 t o t he [ poky]

phenot ype wi l l be def er r ed unt i l such exper i ment s

have been car r i ed out .

The r ol e of S- 5 i n t he assembl y of mi t smal l

subuni t s has been i nvest i gat ed by an i ndi r ect

met hod, maki ng use of chl or ampheni col t o speci f -



i cal l y i nhi bi t mi t pr ot ei n synt hesi s . The r esul t s

( pr esent wor k and r ef er ence 17) show t hat chl or -

ampheni col r api dl y i nhi bi t s t he assembl y of mi t

smal l subuni t s i n wi l d- t ype cel l s l eadi ng t o t he

f or mat i on of CAP- 30S par t i cl es whi ch : ( a) sedi -

ment mor e sl owl y t han nor mal mi t smal l subuni t s,

( b) ar e enr i ched i n a pr ecur sor of 19S RNA, and

( c) ar e def i ci ent i n S- 5 and sever al ot her pr ot ei ns .

Because t he f or mat i on of CAP- 30S par t i cl es i s

obser ved qui ckl y, wi t hi n 15 mi n af t er addi t i on of

chl or ampheni col , i t seems l i kel y t o be a di r ect

ef f ect of i nhi bi t i ng mi t pr ot ei n synt hesi s ( 17) . The

dat a do not i ndi cat e whet her CAP- 30S par t i cl es

ar e a nor mal i nt er medi at e i n mi t smal l subuni t

assembl y . However , t he pul se- l abel i ng exper i -

ment s i n t he pr evi ous wor k do excl ude t he possi -

bi l i t y t hat CAP- 30Spar t i cl es ar e der i ved f r om pr e-

exi st i ng mi t smal l subuni t s ( 17) . Because S- 5 i s t he

onl y mi t r i bosomal pr ot ei n whose synt hesi s i s di -

r ect l y i nhi bi t ed by chl or ampheni col ( 13) , t he f i nd-

i ng t hat chl or ampheni col i nhi bi t s t he mat ur at i on

of mi t smal l subuni t s t ent at i vel y i mpl i cat es S- 5 i n

t hi s pr ocess . I n addi t i on, t he r esul t s ar e consi st ent

wi t h t he i dea t hat S- 5 st abi l i zes t he bi ndi ng of

sever al ot her mi t smal l subuni t pr ot ei ns . Wi t h t he

compl et i on of t he t wo- di mensi onal gel anal ysi s

descr i bed i n t hi s paper , t he pr oposed r ol e of S- 5

can be t est ed by di r ect exper i ment s al ong sever al

l i nes : cont i nued st udi es on S- 5 i n t he mut ant s,

st udi es on t he bi ndi ng of S- 5 t o r RNA, t he pr ep-

ar at i on of ant i bodi es t o S- 5, and par t i al i n vi t r o

r econst i t ut i on.

We t hank Doct or s Car men Mannel l a and Bar r y Mar r s
f or hel pf ul suggest i ons and comment s, and Ms . Chr i st i ne

A. Hug f or out st andi ng t echni cal assi st ance .
Thi s wor k was suppor t ed by a gr ant f r omt he Nat i onal

I nst i t ut es of Heal t h ( gr ant No . 1 ROI GM- 23961) .
Apr el i mi nar y account of t hi s wor k has been pr esent ed

el sewher e ( 14) .

Recei ved f or publ i cat i on 6 Oct ober 1978, and i n r evi sed

f or m 22 December 1978.
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