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b .. ABSTRACT

o ) - The . 1nterrelatlonsh1p between the mltochondrlal ) '.‘ ,
LN [ . I / ;" /u‘ﬂ
synthe51s of proteln and ‘the synthesrs‘bf cellular phospho-

llplds was tudied 1n BHK 21 cells @n culture. : Cells were

. . cultured over .xtended perlods 1n D—chloramphenlcol and the -

. effects on prote1n ‘and llgld 5ynthe51s determlned Cell ‘5
C d1v1s;on ceased following two generatlons exposure to the
v ‘\ "‘ o ”‘ _—
drug whlle ceIl size 1ncreased, Mltochondrla were shown to -

‘g . - -

Jor be enlarged and.lnternal membrane degeneration was v151ble

in the electron mlcroscope. Inner membrane enzymes, ‘ - {-
- ‘3 . . 5,
cytochrome c oxldase and succlnate cytochrome ¢ reductase,
\ .

andlthelr constltuent cytothromes aa, and b were. depleted d,'

by thrs treatment.‘ Enzymes of the endoplasmic retlculum,,'
. e N
.mltochondrral matrix and outer membrane were not affected
These effects were rever51ble unless cell breakdogﬂ had

L T -

»
J

. occurred S y " - | ' Dt . -
. T Mltochondrlal protern synthe51s ccnstltuted less .
than 5%-of the total cellular synthesrs as measured by RS

N . N - ‘ ay

'leucine incorporatiog; Thls synthesrs was sen31t1ve to'

chloramphenlcdl and 1nsen51t1ve to cyclohexrmlde,.although

~in the absence of cyclohexlmlde—sensitlve cytoplasmic :f r

- ° ..

proteln synthe31s, the. mitochondrlal proteln synthe51s X

products were unstable. Heme synthesrs, ‘as measured by B

awamlnolevullnlc acid rncorporatlon, was sensrtive to

chloramphenl‘pl if present durlng both growth and labell_lng~




. . o . Y.
i, . - PRI " 3

2t

: . L |
The de novo synthes1s of cellular and in partlcular e

' m1tochondr1a1 phosphollplds as. measured by phosphatelh
5 - ) ’ M
PR glycergl or fatty acld 1ncorporat10n, was , sen51t1ve to
o . " \ P L '
. chloramphenlccl treatment. All phosphollp;ds:were affected

- 4

) to a 51m11ar extent wgth the exceptlon of cardlollpln,

Iabelllng Whlch was reduced to a greater degree, These .

results were not prlmarrly rélated to reduced energy levels,

E

* .

's1nce the concentratlons of ATP were 1dent1cal in treated :

5, e

'and untreated cells. Removal of chloramphenlcol resulted

. in a rapld synthe51s of cardlollpln followed by recovery
~ T of the other phosphollp1QS. o e
v . A & g

: " L Experlments with; rsolated subcellglar fractlons ,‘;2

- _,.‘.

. revealed an, apparent 1nh1b1t10n of ;he acylatlon of elth

] %

' sn glycerol 3 phosphatelor dlhydroxyacetone phosphate in

- » ~-

'mltochqndr;a from chloramphen1col treated cells. Glycerol * .
T
klnase act1v1ty may alSo be affected. Blosynthesis of

¢-CDP-glycer1des, phosphatldyl 1n051tol phosphat1dyl
4ﬂ_‘.i P chollne anthhe polyglycerolphosphatldes ‘wWas strmdlated ﬁ"_ fe“

-y "‘.\\ ) . . ’
e . S‘spbcellular‘fractlons from treated cells. A L. R

\ll -";."s( $ \
N :) !-Mw‘r A
- e {j’v)"u =

;%eﬁ_The blosynthe81s of po@yglycerolphosphatldes 1n

'=BHK—21 célls was found to dlffer in ¢0mpartmentallzatlon T
.- ‘ C s .
'of reactlons compared to other mammallan tlssues. The

f/""‘\_ - 4 e
- " C A .

reactlons leadlng to phOBphatldyl glyéerol phosphate, and 4:2

. E : conver31on of phosphatldyl glxcerol to cardiolrpln were ,:E -
"ldcallzed in- mltochondrla but: the hydrolya\s 6f phospha-’
' .

L t1dy1 glycerol phosphate was detérmlned tb be a cytoplasm1Cf f :

] . 3 B . -

,‘:‘ . '
. 9
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T " rather than mitochondrial functi?n as established -for liver,
x h ub ﬁr ‘ -
N " heart or brairm..- ‘ . ..
’ | g . .. . , Lot
. . ' < P - N . -~
. The implications ¢f ‘the effiects~of chloramphenicol,
Yo . . : : ' [
/an inhibitor of mitochondrial prgtein synthesis, on.celluilar
‘ 1 ‘ . N . . . ) K . ] 7 -
{ phospholipid metabolism are. discussed in light of .our oot
’. current knowledge of other mammalian, fungal or bacterial
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N . 11 MITOCHONDRIAL‘ sfndéw;iﬁ ' !5 . “ . ot )
é% . Mltochondrla: ubiqu;tous brganelles located in thi . :‘,
%Mfytéhlasm of v1rtually alL aeroblc eukaryotes, are perhaps o ~
the best Understood cellq%ar organelles w1th respect to
thelrtstruoturaL and molecuiar’qrganlzetlon and metabolic ‘ -

-functions. The unique iiéture qffthe‘mrtochondr'oh which
.+ lends itself to defiping the role of the organelfle is.'the. ° '
A mitochonérial membrane :system, It,serﬁes two" £ nctions‘f&\
terms of'bompartmentation of celiular functions. Ih the .

‘ : hfirst case, 1t deflnes a boundary Wthh permits the enclosure

L 2 .
and regulation of Qizjcroenv1ronment dlstrnct from that of - .

- the‘surroqnding cel Secondly, the mbrarne permits the .
: » . e

functicnal organization oflspecific enéymes proteins and -+

coenzymes into hlgh&y eff1c1ent assemblages of metabollc

’

machinery (Getz, i972) Comparatlve studles of the mlto-

.chondrla 1solated frqm various sources have conflrmed a' -

» ‘ . .

ba51c framework bogmon ‘to all*mltochondrla, vet the, presence

of features characteflstlc of the type of cell: from whlch
. & .
' they orlginate

v
@

The uLtrastructure of thé mltochondrxon is ‘well ) b

4

. documented (for receht reV1ews see Tandler and Hoppel 1972- .
'Munn,'l974). Ploneered by the work of Palade (1952) ‘and o a
'Sjostrand (1953) usmng thln sectlon electron mlcroscopy :'
and more recently negatxve stalnlng (Horne and Whittaker,

] .




1962) and freeze etchlng technlques (Moor and Mihtethaler, .

- a

1963),'a falrly con51stent structural model- for the - o

L orgapelle has evolved The essent;al components of this D

- v
. v 1 o ‘e W
M

) #‘,L'modei are the two membranes, each’ show1ng ‘the claSSLCal
vt v

-

44

_;,? double track’ strucﬁure.- The outér membrane is- smooth and 4

g free of folds, whlle the inner tembrane is hlghly cpnvoluted ‘

# s SN RIS o
formlng rldges called cristae. ~These membraﬂes segfegate

- b Y y
'( -.‘r " °’

-\
. "the mltochondrlon 1ﬁto "two compartments,,the matrlx Wthh

* (N .« @
a" - T

L2

. IS boundeéd by the inner . membraneh_and ‘the 1ntermembrane space, .

2 . - - de

deflned by thg\lnner andg, outer-membranes. The 1nner membrane

RS

exhibits-a greater partlcle dens;ty in freeze—fracture

M L

studies, usually’ ipdicative of a higher concentratién df

4‘.

iqﬁegraliproteins,ﬁhuulthe 6uter membrane 1Malhotra,‘1972-
ﬁunn, 19747\\ In addltlon the elementaﬂy particles that are T

. \fv1sfble in negatlve stalnlng studles and are now associated

- . ~

with the Fl-ATPase, are found to Erottude from the 1pner
membrane into the matrix (Fernandez—Moran, 1962) ‘The * -

f’f’denSLty of the matrix and thé degree of convolutlon of lhe

- W -s

inner membrane can vary with the source of the mitochondria

L
»

(Tandler and Hoppel,'1972).. Furthermore, the inte<¥nal ‘
B ucture is dramaticallj degéndeht'qn'the nutritiohalk or ; .
.PhYSiological status of the Tell. e R

,

-

.- - . ) . L3 FRAR O T -

. . . ’ .
. B '

*

T2  MLTOCHONDRIAL BIOGENESIS \ A GENERAL DISCUSSION

“The dlscovery of mltochondrlal DNA and of an assoc1ated

oroteln synthesizing system has provided a very powerful

Y




P Y . . . . -

4 S o

technlque fom‘ahalyzrng mltochondrlal structure- functlon

4 a,«‘,q,-, .
.

relatlonshlps Th;é sem1 autonomous synthetlc ab111ty of

. . *‘a.;, . X - -
. the .mitochondrion appegrs.to ‘manifest 1tse1f in the .

»
1#‘.

productlon of components of the mltochondrlal membranes,

. partlcularly the 1nner membrane, a situation that is? - .

‘. > v

&

-

,-’_appeallng analytrcally in* that the majorlty of components'

~ P . . - .

associated with electron transpost OX1dat1ve phosphoryla_f'r\:
F-

tion .and metabollte transport are locallzed 1n thls sectlonf

-~

« - ..of the organellepgﬂarmon et al., 1 974). It 1s-w1th this- -
realization, that the genetics-of mitochondrla have come ‘to

be closely assoc1i&ed.w1th the b10genes1s of the protelns

"of the mitochordrial membrane 1getz; 1972-5 Sager, 1972)
; The dynamic state of mitochond;ial memprane’synthesis-.
involves the~€iosynthetic s¥sEems fortmitochonﬁrialﬁnuoleic"
acids, proteins! lipids.;:d,heme pigmentsl Ihe‘majqrrty of i
these’systems are extramitochon&}ial and controlied bf.gq ‘T {—

£

nucleaily coded structural gefles. With this in mind,,ﬁhe

N

_remainder of‘this‘iﬁtroduction will deal with a-Summary of -

- .o

@ .-..\

the basic concepts about ‘the orlglns of &Qese components P

" . and how.they relate to the probiem that is the subject of

thgs thesis. X ? ) | , . e

-

s,

' Mltochondrlal membrane organization and functlon have

. e

beeh dlsqussed 1n great detall CRacker, 1970), andﬁthe,

, . s .

baogene51s of the- inner membrane‘has beén the subject of

i

p many recent symp051a and books (Roodyn and W11k1e, 1968
s

Slater_gt.ai., 1968; Boardman et al.,&1971; Getz, 1972- -

. . .
. ¢ . L.




- \,. 1. ) - - .« 0w
Sager, 1972; Van Qen Bergh et al.} 1972; Kroon ahd'

Y

Saccone, 1974; ~ Packer, 1974) and mpre than tWenty revie'w» e -

LY

-

Articles. Because of the massive guantity of inforﬁatidp b,

abail@ble.pn this subfect, one can only make refe%encé'td-'

-

more comprehensive sources of gengral discussion and

dttempt to touch‘on tpe major poi ts relating to the *

"~ syn®hesis of the various cellulqr conmponents. The main

eéphasls w1ll be on mammallan mitpchondria, élthodgh.

~

-

‘selected references to those from other sources will be hade.
[l N - - - /

as -seems appropriate. .. T ' . .
. ¥ .

hl

1.3  MITOCHONDRIAL NUCLEIC ACIDS AND TRANSCRIPTION

The existence of mftochon rial DNA in a number of
‘orgqnlsms is khown and- well. Gha.aCterlzed. As hasﬁbeen

determined for most components of mitochondria, there .
lant or fungal. Genepal

. . % .
. (Ampdyn and Wilkie, 1968; Borst and Kroon, 1969; Nass,

- M.M.K., 1969;. Nass, S., 1969 A<hwell and Work, 1970;

Linnane and Haslam, 1970; . R binPwitz angd SWift,<}970;

-

Getz, '1972; Linnane et al.,
- N £t al

1973; ° %}llhah, 1974; Milner,

Schatz, 1970; Borst, 1972;
- 1972; Cohen, 1973; . Mahler
1976).. Multiple copies (B ko 6) of double-stranded .

circular DNA are fgund in gnimal mitochondria. These -

copies appear to- be homogeneous small melecules of about




P4
107 daltons.‘ They:differ in base composition with and do
: -~ ‘ = ° ‘ : o
not hybridize to nuclear DNA. Plant, fungal and protozoan

Lt L0 ) o i . 5 . Vs

s mitochondrial DNA's are 3 to 5 times larger and are often
A ) w )

isolated as linear molecules, probably as artifacts of the

’isolation*procedu}e; The small size of mitochondrial DNA's

¢
4 ~

Cas Dy v, . i _—
indicates that only a few mitochondrial proteins can be '

+ |

coded for- by the organelle DNA. Mitochondrial DNA appe§}§

to replicate semi—cqpsefvativély, but this finding is by no ~*

" means a certainty (Borst, lé;ﬁiix\ | - T

The subject of mitochdbndrial transcription has only R

[N
1

& ‘ L . '
recently been reviewed.in any detei} (Kroon and Saceone, 1974;
Saccone ahdeanliarielxo, 1975; Avadhani-gE al., 1975;

Milner, 1976). Mitochondrial réNA and several tRNA's in

2

both animal (up to 12) afd: fungal cells %up to 20) appear
to\Ei/féded by .the mitocgéhdrial genome (Attaréi_g& gl.,’ ¥

©1973; Sacdone and'Quagliariellq,l19757; although .for most
. X |‘~' . o -
tRNA's, .nb complementary mitochondrial DNA has beén

i@entified: fhé-presgyce of fMet-tRNA in mitochondria is

a sprikihg'differencg frbm the_éytép}gsmiﬁ famili:of tRNA{s

e of éukaryotes 1Aéﬂ§k11 affff work, 1970; Rabinowitz fﬁd
? é?ift, 197OY."Poly(A)—COﬂtain;ng spécies complementary to
mig&chondriai DNA, have beeﬁ'fbunq in_mitochahdrialvRNA : .

. (Perlma; SE al., 1;73} ;;d mitoqhéndfial polysomezfré;tions .

(Attardi et-al., 1974) from HeLd cells, although -they“have

not been demonstrated to écg as templates for proteiﬁ,

szzghesis: However, ten pdly(A)-containihg'RNA meolecules
. - e o T,

on



<

do correspond in number -and silze to the prealcted templates-

for the 1n v1vo products of mltochondrlal proteln synthedrs

[N <

(Constantlno and Attardi, 1975; Saccone and Quagllarlello,‘_
1975). 1It-is important to note that‘mltochondrlal DNA from
feast has been.transcrlEEd and translatedin arf:E. coli «
cell free system and the rqsultlng translated products

~found to cofrespond ‘to protelns synthe51zed in 1solated
mltochondrla or in cells in whlch cytopl@smlc prote'
¢

synthe51s has been 1nh1b1ted (Scragg and/Thomas, 1975)~

c

Thus, in'summary, mLtdchondrial

©

tRNA's. AltHough mRNA-like species'h

(A
@ @

~from mitochondria, they are few in numbgr and kave net
been characterized definitively as the templates for

]

o

proteine of the -mitochondrial membrane i hammaliah

cells. b

o e

[} N

e
- . " . - e

1.4 ~ THE BIOSYNTHESIS OF MITOC@O&QRIAL MEMBRANE PROTEINS -
MITOCHONDRIAL TRANSLATION . - . o

)
< -
e

The membranes of mitochondria are composed of two
-"’J ' [}
‘groups of ﬁ?otedns,— those syntheSLzed on m1t0chondr1al
. Q"
"rlbosomes and those’synthe51zed on cytqplasmlc rlbosomes.“

]

.Severalﬂtechnlques have proved very-valuable in’ determlnlng‘
.l
-the translatlon produ’ts of the two eystems. .They are .

~d1scussed 1n'a number of ré€views (Roodyn and’Wilkie},I968{

"ater et aL». L968; Bor-st'.a.nd quon‘, '1969; B Nass,: S.,'.

o "

1969; Schatz, 1970; | “Rabinowitz ‘and Swift, 1970; - Linnane




or alternatlvely,_by the study of mutants in Wthh m1to-

. v
ST ) ¢ . : ’ " “7

v
- .
. - 6

L"_;

‘and Haslam, 1970; Ashwell and Wbrk, 1970; Borst‘%nd Grlvell

o

1971; Boardman et al., 1971; Beattie, 1971;° Linnane &t ai.,

-®

1972; -Borst, (1&72- Getz, 19725 . sager, 1972; Van dey

Bergh et al., 1972; Cohen; 1973; Mahler, 1973; Tzagoloff

—_— —— s

Packer,:19W4; Gonzalez—CadavidJ»1974; Schatz.anddMason;

L]
I - . .

1974; Costantino and Attagdi, 1975; Sacconé and =

»

A ° ‘.\:‘ . . - .
Quagliariello, 1975; Avadhaniiﬁf al., 1975; Milner, 197€7.
The products of proteln sxnthe51s have been determined by )
»
1ncubat1ng isalated mltochondrla w1th approprlate precursors,

‘e

by using selective 1nh1b1tors of tranélatlon or transcription

]
LN

’ . .

s .
chondrial DNA is defectiye,.such as the petlte mutant in

_Sadcﬁafomyces cefevisiae (see'Gillham} 1974), antibiotic q{’.'

o

re51stant yeast mutants (Mitler, 1973) and the.mi mutants’

of Neurospora'- cfassa (Roodyn and W11k1e, 1968) . - Thus byt

determlnlng which pGlypeptldes are present or absent .

~,
-

.follow1ng,these manlpulathns, an 1ndlcatlon of the number

R

< . -
and size of the proteins from “the inner membrane synthesized

v, : . R

on each'system can ‘be’obtaimed. -More. receptly,~the techni-
. ’ ,

'_que of transcrlblng and translatlng mltochondrlal DNA withs,
.. o

E.. c011 enzymes and rlbosomes (5cragg and Thomas, 1975)- and
the uge of somatlc cell mutants, tem%:rature sen51t1ve 1n
¢ytoplasm1c proteln synthesis (Wallace et al. 1975) have

ylelded valuab{e 1nforma‘.'. as to the nature of the

. mltochondrlal translatlon products.

et'al,, 1973; -Attardi et al., 1973; Kroom and Saccone  1974;




-8

‘. At thls pOlnt, 1t is necessary tq.dlscuss speclflcally
the nature of the technlqﬁe that.has been used to'determlnei
'nthe extent of mltochondrlal éfoteln synthe51s and 1ts influ-
eneF'en lipid synthe31s 1n Hhe mammallan cell culture,
usystem thaf is dlscussed in thlS the51s oI have made use>
-
»of the antlbacterlalgantlblotlc D( ) chloramphenlcol whlcho

has ‘beén shown to cause eukaryotlc celfs to'aecumulate
respiration- def1CLent mltochondrla gnhlbltlon 3f mltochon-
drial protegin synthe51s by D-chloramphenlcol was*flrst

- demohstrated in rat liver, mltochondrla in V1tro (Rend17‘

1959) and ‘has been cenflrmed 1nwvarlous other eukaryotes

'(for review, see Schatz and Mason,.1974)%. Growth.of 2

<

eulgarygs’;ic“ cells in chlpramphenicol results-in decreased

amounty of cytochrome, oxidasef'Fl-ATPasé, cytochrqmb_p«gnd

’

impaired assemﬁiy of cytoghrome cl in mLtochondrl 1
membranes. There is no loss, of mltochpndr;al'nu

in HeLa cells (Storrle and Attard; "1972) 6r”ih yeastf

= ry -

where a functlonal protein synthes.tmng system"\s rétained

desplte growth for several generatlons in the drug (Davey ’

‘ ‘ S

et al. 1969) -

— —— - ’/.,

Chloramphénlqol adts to bloek proteln synthes15 by
. » N
préventlng the blndlng of amfno aeyl tRNA S to the peptldyl

. -

site of the.rlbosome.ln prokeryotes (Congreras et al
o AR 0
1974). . There, are howevér:numerousosecondary effects.
N * - .0 _. ’ ’ PR ‘o “ <. o '
Mitochondrial electron. transport is inhibited at site 'l
D . . . ’ . . ,

E - . , - %, o .
. (Freeman and Haldar, 1967) apd oxidative phosphorylation

- may be'gneoupled (Hansoh and Hodgeés, 1963). In’ these




o . d
- ° ° . ‘ S 5" “. )

’ experlments, the length of exposure of” cells to chloramphen— .

E icol was sufflclently long” to cause a loss of cytochromes, f ‘ii °
.hence redu_c:.ng or e.llrglnatlng.elect;on tr.an.ort-and - ;} :
oxidative phos;horylation completely; thus the secondafﬁ* 5{ °F

e e 1nh1b;tory effects were less 51gn1f1cantg Other effects ~.

that arecobserved lnclude'thg supppe551on of bone marrow'-

b i

ferrochelatase (Joﬁes ‘and Jones[ 1969), Wthh ‘is. ]ust one o .

/} aspect of the toxic. effects of the use of the drug 1n the -
treatmeht~oﬁ 1nfectlons in man (for rev1ew, see °, S e

2 .o PR s =, ° @
. *a R

3Ffanceschinis et al., 1974). Inhlbltlon may be incomg}éte
© - 4 > .. P . ) .

“ ¢ . €ven at high drug cohcentfations and resistance to°the drug .- v

o

.~ 2 -

- may déVeIOp., Desplte the problems with inhlbktor studles,
Pe) . ., e
most papers in’ the field of mltochpﬁdrlal blogene51s utlllze o

» oo * <@
hd ° o a

thls=techglque (Schatz andiMason, 1974)° Prov1ded thatwthe g-
> s o » N g
results are con51dered in llght of - those obtalnea using oL
> _ <
other technlques; 1nh1b1t}oh studles‘can yleld valqable T e :
. . . : . ‘1: : J’G _-‘.,):",O 2 . . ;:V o C el . 5’: ;, . )
- //1‘1nformatlona Yy ” T w L o T T

As was'discuséed'earlier,‘ﬁost gf the RNA °compoﬁentzs'w L'foa
° o ' ~
°. i
_of the mltochondrlal proteln syqtheﬁg appakatus are synbhe—
B t 0 . ‘:
e slzed in the mltochondrla. waeve;, all the mltorlbosomal A S

o Ly ¢

proteins and the remalnder of tHe enzymes and ﬁactors :U‘:,‘

- < . 3

1nvolved£dn the translatlon event areecytoplasmlcally synthe- Y.

‘gized (Barst and Grivell, 19713 %ttardi et a1.,71973 -
| Saccone.and Quagllarlello, 1975) . ghe nlbosomes and factqrs ~
from mltothondrla are functld.ally 51lear and 1pterchange— o' ’

able with proteln synthe5121ng components from basterla. ey

" “ Rl

Two functlons have been asérlbed to the*protelns,




-

- synchronously and thls regulatlon

L.

>

o
[}
<

4]

“sfnthesized using mitochondrial'DNA as a template. The

< .

firest of‘%hese,has not been dealxﬂqith in é}eat detail'and‘
o T

o Q

remains°essentially speculative. It has been suggested ° .

e & ” O~

that mltochondrlal gene . products may act ‘as repressors of

£

c«nuclear gene expressron (Barath ahd Kuntzel 1972) The

‘e < *

eV1depce for thls°hypoﬁhe815 is that the synth651s of

< © . <

certa1n~enzymes ‘coded’ by. ndclear genes, is stimulated by
u . . — - 4
:1nh1b1tors bf mltochondrlaL DNA transcrlptlon and’ transla-
> |
tlon. ThlS may be related to the ability ef mltochondrla

in Many systems (Barath anad- Kuntzel i97ZQ to lerde

[ & ¥ P

be permltted byﬂthe

¢ % . c.:

hypo%hethal qene prbduct “ Recently, it has been°shown°

that the level of mltochohdrlal leﬁ%ylﬁzand phenylalanyi—

o

tRNAKSynthetases (nuClearly coded LH Neurospofa) rrse one’

rnhlbltlon of mltochondrlal protelﬁ synthe51s (Beauchamp

.' o ' o ”Q:’ N ¥
and -Gross, 1976) “: . e o e o,
oS ! ! Y o . 2 * - a* N .
’ ad . IR L ’ - )
. Althéugh.replication“and;transcription of mitochon-.
© . - <« ‘ © o .- N

o & . ‘ 5

. & <

»d;ial DNAG;n Hela cells ;sirestricteg'to on,accelerated in

- .
o e “y ’
.2 v . - v

S—phase and in Qz—phasé, no significant%differences in thev

z * <

rate of synthe31s or 51ze dlstrlbutlon of mltochbndrlal

Protelns have been obServed at dlfferent phases of the

EN I “o

cell: cycle (Attardl et al 19737 o 2T :
. ¢ « ;‘ - . 4
° 3 D The second functlon resides an the productlon of

s P

proteln componants of the rnnet membraﬁe (Beattleq 1971)

c.E 5 <

As yet, threé peptkaes of cytochroma c. ox1dase, fOur of

the membrane attachment po;nts of the"’ rutamyc1nrsen51t;ve



o

: %11

*

; . . - .o e ‘ - -
ATPase complex, Onecor two subunlté of cytochrome b and a

o
El

protelﬁ 1nvolved in the assembly Ko cytochrome cq bux not

o ©

C'ln the synthe51s“of the holoenzyme, have been 1dent1f1ed as

products of mltochondrlal proteln synthesis in various R

- A

S \’fung&i and animal cells. * (For a rev1ew of the ev1dence of

7

-

o “ > . < .

these'findings"and théir sources/ see Costantino and Attardi,

1975; Saéecone ahd -Quagliariello, 1975). The situation is
complicated by the fact that many-of the lom,molecular - : i

welght ﬁeptldes identified as Jitochondrially synthesfzed °:
‘seém to be products ‘of proteoly31s of large peptldes

., -3
r - I) -

(Michel et al., 1976) .

The uhlque feature: of the—polypept%deé which are
3 : o

synthesized on mitoribosomes 1s' .the fact that they are

hydrophoblc in nature and in m’ﬁp caseé'soluble in

o

chlorqurm methanol (Tzagoloff and Akal, 1972; Burke and
Beattie, 1973 Hadvary and Kadenback l973— COstantlno o

and Attardlb 1975) Although no dlrect ev1dence exrsts,

O

, for thelr transcrlptlon and translatlon from the T
A°l . -

mltochondrlalvgenome, they do COrresppnd Ln size and:numberf
c ' o ° ° ) ’ -~

to the potentlal translatlon products of 1solated

mltochondrlal poly(A) containlng RNA (Ojala and Attardl,

k-1

1974; ’ Costantlno and Attardl, l§75) Some ev1dence has

been presented fop the condépt that m;tochondrla fall to
J o~
1ncorporate elght polar amlno ac1ds (Costantlno and

4

Attardld 1973), posa—ubly due to the absence of ‘the relevan" _

mltochoneral'tRNAﬁs‘(Saccone and Quagllarlello, 1975).




e |

" Since the -nitochondrially coded polybeéﬁides are allhpémbrane -

‘they are components, witg'specific?phq§pholfpids. This.

-
.
tw

-

cempoﬁents, their_hydroghebieaty is”hot unexpected and may

be significant: in the association of therehzymes'of which °

“°1@pid—prétein association will be discussed'at a later stage

SN

fofﬂthe ceil @Meye

in this thesik. ) . : . ° . . '
E] : e g 2

The remainder of. the mitochondrial membrane. and matrix
A " T ) o,

. 2
" proteints are coded for by. huclear "genes. Gytochrome c°®

biosynthe51s and transfer 1nto the mltochondrla is the best .

studied~example (Gonzidlez-Cadavid, 19747 Little is known
° ' . ” s °
. K . z < °,
about the meckhanism of transfer of cytOplasmlc components,

% e P

vbut‘it may inﬁolve selective synthe¢sis on mitochondria- ‘

9
.

a55001ated cytOrlbosomes permlttlng vectorlal dlscharge

- of the product 1nto the’ qltochondrla (Kellems et al., 1974)

This’ hypothe51s requlres further substantlatlon as to both
o,

~<

the mechanlsm and the regulatlon bf the synthe51s of enzYmes

with compeﬁentswfrompbothTtranslatlon systems.

< - N - ‘. ° S
ey . . ) A
. F
o P o - - ) .
R i . . i ” L .
[ 2 e, B ©
! < .

1.5 HEME BIOSYNTHESIS AND INCORPORATION INTO APOCYTOCHROMES °

© . 0 e
. / -

"  The ‘biosynthesis of heme is a prgtess involving o

‘ - B . . T, ", o 0 v e 2
cooperation between enzymes located in different cOmpartments
. S ‘ o w -

- .o

and Schmid, 1973). Condenéati“cﬁ'l Gf iglyc':ine'

[

andOSUCC1nyl coengyme A by the enzyme Gvamlnolevullnlc ac1d
synthetasegls"th 1n1t1a1 reactlon, occu?rkng in, the

.

teo

R : .
mitochondria. T e product of this reactlon, 8- amlnolevullnlc

c K4
o t o,

transferred ‘to the cytoplasm dondensed

R 2 .

-

acfﬁ (6-ALA), '1

.

o8

-



o ' A &

with .a second moleéule’ﬁo yield porphobilinoéen which 'is the

I
.

1mmed1ate precursor of a number of D phyrln derlvatlves.<

.One of° these, copropérphyrlnogen, is relntroduced 1nto the

-

mitochowdrion where it 'is ox1dlzed to protoporphyrln and . %

iron (II) is added by ferrochelatase ‘to yield heme.

"

Synthesis of $-ALA by: 6~ALA synthetase is. the rate Ilmltlng

&

step of the reaction and this reactibn is the site of
regulation by° negative féedbéck by ‘heme (Meyer and Schmid,
1973; Marks, 1973; Patton and Béadltie, 1975).

Attachment of the presthetic gf@upe'to the varieus

]

apoproteins appears to occur at.ﬁifferent sites in the

cell (quéélez-Cedavid,31974). For those ¢ytochromes,
3 N .

cdntqining polypeptides coded for on fmitoribosomes, the’
site of attachment is apparéntly -in the mitochondria,

while fer‘cytochrbme'q, the attachmént gccurs in ‘the °

cyteplasm.; Heme‘hes also_been.shown to regulateithe .
synthesis, of apocytochrome'c‘(GoniéleE—CeéaYid,_1974).

-

. s .
3 i . - . .

1.6'y BIOSYNTHESIS OF MITOCHONDRIAL PHbSPHOLIPIDS

8.

As is the case of mltochondrlal membrane protelns,.

mltochondrlal phosphollplds con51st ‘of spec1es synthe51zed

~ c

/
in- 51tu ‘and those'synthesazed at,other sites w1th1n the
4
.ceY and transported to ‘the mltochopdrla (Getz, 1972;

[y

%

Morré,'1975). -The sites of synthesis of these varioqs
phospholipids has Been discussed in detail iﬁ a number of

reviews (McMurray and Magee,-1972; Van den Boscﬁ et gl;,




<

1972; McMurray, 1973; Van den Bosch, 1974). —

-

. The de novo sYnthesis of the majority of the l%pid

_components is extramltochondrlal in animal cells. This

1ncludes phosphatldyl choline blOSYnthGSlS from CDP- ~cholirtie,

¢

-and phosphatidyl inositol biosynthesis.from CDP-diglyceride,

- . . . ;
both major cq%ftituents of the mitochondrial membrane

(McMurray and Dawson, 1969; Van Golde et al., 1974). Both'
phospholipids.ape transported to .the mitochondria from 3

their site of synthesis in the endoplasmic reticulum By

sqlible exchange proteins (Dawson, 1973; Wirtz, 1974).

The synthesis of bhosphatile serine and sphingomyelin is

also known to occur in the endoplasmlc retlculum. eHowever,,
phosphatldyl serine which is transported to the
mltochondrla by an exchange proteln (Butler and Thompson,

1975) is decarhoxylated to yield mitochendrial phosphaﬂ

. £tidyl ethanolamine (Van Golde et al ,“1974). Blosynthe51s

. of the polyglycerophOSphatldes, phosphatldyl glycerol and

cardiolipin involves a series of enzymes that have been

- shown to be°mitochondrial in most gases (Davidson and

Gz

Stanecey,’ 1971a). The latter is an infefeéting finding -

5 ¢ fo

in that cardiolipin is primarily an. inner membrane.

phospholiéfd in mitochondria from several sources (White,

1973). - _ ’ ' ) L

Whereas most.of the‘phospholipids whlch are consti-

tuents -of the mitdchond;iel membranes are ually
synthesized bxtrémitochonﬁ;i‘lly, many/éz_i::jj precursars

‘can be made’ in the organélle; The phosphorylation- of

<
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glycerol by glycerdﬁ'kinase is mitochondrial while.the'

phosphorylatlon of dlhydroxyacetone by dlhydroxyacetone

{ :
klnase is cytoplasmlc (Jenklns and Hajra, 1976) Acylatlon
of glycerol phosphate or dlhydroxyacetone phosphate to

yleld lysophosphatlch acid or acyldlhydroxYacetone

phosphate respect1Vely and s sequently phosphatldlc acid,-

cdn ocour.;plpitochoan;a:as“welL as 1n éndoplasmic
reticulum (Monroy Eé al., lé73:lﬁHajfa, 1968) . Phosphatidic
acid biosynthesis byﬁphosphoryletion.ofNdiglyceride oooobs.-
only in the endoplasmic rebfﬁulum (ﬁcMurraQ, ;975).
Flnally, the biosynthesis of CDP—aiglyceride, the -immediate
substrate of the polyglycerophosghatlde pathway: has been
observed in both mltoohondrla and endoplasmlc retlculum
(Van Golde et al., 1974). - o ' v
Despite‘thé~}ntfacellula; distribution df tbe.enzymes
tbét synthesize mitochondrial phospholipids, it appears s
that none are determined.by’the<mitochondrial.genome fGetz,’
1872). Thus the meohanism for regulab;no the/synthesis.df
mtitochondrial phospholipids and.their incorporation into
the membranes of mitoch8ndria in differeot~stages of
development or physiological-stetes} is'obknpwn at this

* . ‘. ' . R4

had . ’ - <>
time. ’

1.7 REGULATION OF LIPID SYNTHESIS BY MITOCHONDRIAL
-"PROTEIN SYNTHESIS ~

"'F@constltutlon of respiration and oxidative phosphory-
lation activities from componenés isolated from mitochondrial

.

Y-




Y

-inner membranes is déﬁendent.on the- addition of the correct’
phospholipids (Getz, 1970; Kagawa, -1972; Kagawa, 1974).

Lipids &re implicated in the ‘activity of manyﬂmifocgondrial

enzymes (Lenaz, 1973; Harmon et al., 1914Y. The.bﬁysio—

logical state of the mitochondria.can -‘result in alterations
’ o ‘ . ’ - .

in phospholipid qompositioﬁ (Getz, 1972): This has been )
best §bsérved in studies with miﬁqchondria from yeast. In ~

,mammalian,cells, tight binding betweéen phqspholipidshand

.proteins WHich'contaih'mitochondfialfx ééded'poiypeptides

has. been’ observed. The hydrophobic nature of these. poly-
- : " -

peptides suggests a possible role in)regglation of@he
QL synthesis of mitochondrial phospholipids. °

With this in mind, I have unde&ifken'a study into
a

~the effects of inhibiting mitochondri protein synthesis

T on pposﬁholipid Synthesis.. This has involved characteri-—
. v ’ .

zation of the éffects.df a specific inhibitor D-
ﬁ'chloramphenicolf on various aspects of mitochondrial
.fuhction'and'mgtabolismuin c?ltuped an%hal‘celis.\ The
resuits of this investigation will bérdiscussed in
subseqguent bhapﬁers.' Each cHapter”wi%l’déélAwith a. .
>par§icﬁlarfaspedt 6f the“efféqts of the ?rﬂg, and will
pe_exaﬁined in greé;er detail @5 tﬁe;light’of-;eievaﬁt

studies reported in the literature--

. -
- . .
-
- - »
: ¢ - .
' 4 . »
2 v
. » ' ‘
- . H - .
N




CHAPTER 2. EFFECT OF‘CHLORAMPHENICOL ON -~
~ h \ R
GROWTH MORPHOLOGY AND MITOCHONDRIAL

A

RESPIRATORY ENZYMES

[3

“»

2.1  INTRODUCTION  * g

The biogenesis of mitochondria is known to involve' ~
two proteln syntheslz;ng systems. Ekperiments witﬁ isd;éted.

'mltochondrla have been used to. examlne’the COmponents

' -

synthesized on mitoribosdmes (for reVLeys, see Mahler,»l973;
. . ) o R - ’ -t '

Schatz- and Mason, -1974), yet this apprdach fails to account

far the‘interrelationshipxof the products df-the.systems

for mitochOndrial and &yxoblasmic protein synthesis (schatz

)

and Mason, 1974), or the_ coupllng of proteln synthe51s to
. mltochondrial DNA and phosphollpld blosynthe51s -fhe

treatment of whole'cells with spec1flc 1nh}b1tors providesr_

a method whereby the study, of one system in'an intact

organlsm ls,pos51ble in the absence of the second system.

Chloramphenicol is an. antlbacterlal antlblotlc that was

first shown to- 1nh1b1t mltochondrlal prqteln synthe51s

a

selectlvely in yeast (Clark Walker and Llnnane, 196694

-
-

Huang. et. al., 1966; ' Clark+Walker and Linnane, 1967).
4.Th1.s observatlon has been verlfled in other systems .
(Schatz and Mason, 1974). ‘This ssgdy of mltochondr;el
-biogenesis in mammalian eel;s is e; speqeal'lnterest,'since

. the factors regulating this process differ from those in

. lower eukaryotes in several ways such as disparate sizes




-

.

“ 14 -

- : 18
i > ' F) o

.

~of mitochondrial DNA's (Sschatz and Masegn, 1974), coupling

of electron_transport and oxidatfve phosphorylation (Haslam:

et g;.,‘i9hl), mitoribosomal size (A%tardi and Ojala, 1971),

, £oxicity of chloramphenicol (Firkin and Linnane, 1968), laék

. of response to glucose levels (King and King; 1968) and

involvement of endocrine. controls (Ernster, 1965).
The effects of chloramphenicol on BHK=21 cells in

spinner culture havée been examined. These are easily.

. manipulated cells with rapid doubling time (12-13 hours)

and can'Eé\grown.to'high cell -densities (1-2 x 10? cells ml ).

N

BHK-21 cells have been inVestigated/for changes in growth,
- F -
morphology and mitochondrial enzyme content during ’

chloramphenicol treatment and following ité-removal from

-

the cultures. . .

13
'

2.2 MATERIALS AND METHODS

-

\ -

2.2.1 Cell Culture ’ N
BHK-21 cells were a generous gift from Dr. K:B. Freeman,
McMaster University;’ fiamil'to'”, Eanaaa. ‘'They were ‘carried in
- - . -

spinner culture in Modified Alpha MEM (Flow), supplemented:

“with 5% fetal bovine serum (Flow) ; 100 uq}ts ml-l penicillin

_G“(Qonnadght Laboratﬁries), 100 ug ml_l the anfi-PPLO‘agenf,

Pty

~Ty16cine R) (GIBCO) . DﬁchLérdhphehicol (Sigma) in. e#hanol

Qas‘added to treated cultures at the specified cohcentrations.
: . ] "

The ethanol concentrations used (<0.15%) had no effect upon
c€ell growth. Routine cel]l counts were determined using a’

&



Coulter Counter, Model B, and cell-sizing was done on a

..

Coulter Counter,. Model ZBI'equipped with recofjé;i%
~‘ -Y.2J2'Harvesting and Preparation of Cells for Enzyme Studies

. R ~Cells were harvested duf'ng the exponential phase of
' ' -1

. :_' -growth (4-8 x 10° cells mi™1)

y centrlfugatlon, washed once

with phosphate buffered sa11 e' and once W1th 0.25 M ' .

[

. sucrose-0.1 mM EDTA. ¢ Cells ere s spended in sucrose-EDTA -

- and homogenized for -15 seconds usjy llems éolycron R ’
. with P10 Probe (Brinkman) {at a s{tting of‘g.O) }Ffeemaq,

" 1965; Devries gﬁfééﬂ,‘ia73; iMcMurr . 1975).  This
duration'and(lntensity of treatment r¢leased more than éO%

of cellhlar cytochrome c oxidase, wh'qh was sedlmented a£
4500 x g for 10 min (McMurray and Dawspn,‘19697 indicating

maximal cell bréakage ‘with minimal mitochondrial disrepution
(Appendix 1). M;
> [ P ." 5 . R

- )

2.2.3 Enzyme Assays® on.Cellular Homogenates -

Spectrophotometiic—assays°wére performed'usingra . e
- . . . . ‘; S
_qllford recording spectrophotometey. Cytochrome c oxidase o

(EC 1.9.3.1), succinate cytochrome c réductase systéﬁ and

kel

NADPH cytochrome C- reductase¢(EC 3.2.3. 5) were assayed as

. preV1ously descr;bed (McMurray and Dawson;. 1969), bxcept ., @
. : ,

that Lubrol WX, (0 03% final concentratlon) was added to ’ .

_ A )
the cytochrome c ox1da$e assay mlxture and deoxycholate

o (0.03% flnal conéentration) to’ the su001nate cytpchrcme c s

reductase asséy mlxture in order to release all latgnt
“ iy o /




aSsajed by.the method,of Streécker (1955) w1th pota351um
_cyanlde (0.3'mM final conceﬁtration) added o blbck
fresplratlon and Lubrol WX (0.03% flnal c0ncentratlon) to
release latent‘enzymeé ‘Monoamlne oxidase (EC 1.4.3.4)’was

»

~and modlﬁled (Jato—Rodrlguez, 1972T,_uslng [ 4C]ftryptahine
’(ﬁew England Ndclear).as suhstrate. °

P

..4 ‘. , )
2.2.4 Cytoghrome Spectra . o [\\ s

A \ N : : .
. Cells were harﬁested as before; washed once with
phosphate -buffered sallne and once,w1th 50% glycerol (w/v).

\

Approx1mately 108 cells were . suspended in 50% glycerol and
°sonlcated by lmmer51ng the tube 1n -the sonic: ‘bath of -

o Branson Soni?TéT Mpdel Sl25 at max1mum output for 15.

-

,{ ) seconds Samples-1n the~reférence cuvette were'ox1dlzed by

addlng 0.5 M pota551um ferrlcyanlde and those in the second
0-

cuvette, reduced w1th,a few graing of sodlum hydrosquLte

o~

[

nltrogen and the dlfference spectra recorded‘u51ng an

-

AmlnCO“Chance spectroghotometer equlpped ‘with scatter

transmission apparatus,(Change, 1954; Klletmann et al.

\

S 1973). 07 - A .
AT P .t : . . ‘ = o . A ‘
.. ‘ . ' © < ‘ .
4 4
" 2.2 Preparatlon of Cells for Electron Mlcroscogy
- - o
'; ' ‘.. Cellswere fixed 1n.OsO4'and glutaraldehyde (Poly—‘

o

‘science, Inc., ,Warrington, Pa. ) by the method prev1ously

- * o .f - "
[ 4 - - - Id
-~ A .

essayed as preq;ously descrlbed (Wu;tﬁan-and\Axelrod, 1963) "

(wllllams, 1964) They wene then frozen quickly in. llqu1dl

- e ‘ﬁ‘
q.l, B ; . , ‘V .
. o . ¢
- - 20
’ '. - - ‘ A: o . - :. ’ .
-é enzyme activity. , Glutamat& dehydrogenase (EC l 4. l 3) was .
AR . U

b




8 - 21

" ° N _,“ N ,;“ . - .
descgibed°(Hirsch and Fedorko, 1968),. and embedded in "

Vestopal-W (Martin Jaeger, GeneVad’(Ryter and Kellenberger,

’1958)'using propylene oxide instead of acetone. Sections

.were examined and phdtogfaphed‘using,a model 6B AEI €lectron

microscope. oo

2.2.6 Protein Determlnatlons
Proteln samples were analyzed d%lng the method of

Lowry et (1951) u51ng bovine s rum(atbumln (Slgma) as
(3
N : :

standard.

2.2.7 PhbsphorusQAnalys;s f ' . L S

\ T

?hosphorus was essayea'by the.method.df éaftlett‘(l959)

Usiﬁg-KHé?Oé}as standard. . e : ;
: 2 . . . Lo )

=]

2.3 0 RESUUTS e SR SR T

Flgure 1 shows the effects of various concentrations

a .

of CAP on the'grgwth ofi” BHK-21 cells 1@ ‘'spinner culture
Ceils were maintained j‘aéulture\W}th .the Varloué CAP
concentratloﬁsg Wlth cell dllutlon in fresh medlum as

3

®

l-requlred to prevent ceils from enterlng statlcnary grcwth

,It can bg seen that GAP at 10, 50 and 100 ug ml 1~permLts

two cell doublingS‘bef@;e growth stops,'and cell number

- - . ° . -
aépéarsato start ‘to dimiﬁish - If cells grown in 100 ug ml-
CAP are resuspended Ln fresh medlum contalnlng 100 Hg ml -1

E P - L

CAP:at 24 hour 1ntervalsq cell growth is enhanced sllghtly

P '. ©
A “ o’ . e et 4
- - . .
.
.

a

. , R . . R o ] .- ‘
~ % : « .o,
- , o . - " e .

,9 C.e
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" FIGURE 1 -
EFFECT OF D-CHLORAMPHENICOL. ON THE GROWTH OF "BHK-21
o - ‘ . :

CELLS IN SPINNER CULTURE

N . a
- . Lo 3
- -, - . N

ot

Cells were grown in the medium described under
Materials and. Methods. D-chloramphenicol was allded -

. to thé medium as a concentrated solutipn in ethanol '
to the designated final concentr@tlon E Cells were
diluted to prevent their entry 1nto stationary phase.
One culture’ containing 100" ug ml- " cap was harvested
and resuspended. in fresh CAP-contalnlng medium at 24
hour 1ntervaf§ A 1-ml sample of cells was removed,
diluted 1 in 20 with phosphate buffered saline and
coupted. o--o_no CAP.added; o-—o 10 ug m1~1 cap;
a~-5 50 ug mi~! cap; , 4--4 100 ug ml-l eap; -+ x--x 100
ug ml™+4 CAP, cells resuspended 1n fresh medium at 24
hour intervals. - ) -

’

AT

\

+
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. . . o <, : o . .
‘and three doublings oceur before cessation of growth'

»

ngher concentratrons of CAP block all growth by 24

hours»(Flg; 2). All cultures were resuspended -in fresh

medlum cohtalnlng the equlvalent concentratlon of ékP ateq
24 hours. At 550 arfd, 500 ug ml.l CAP, dell growth is uf,
1nh1b1ted very qulekly Lt would appear that resuspenern

of the cells ‘in fresh medlum at 24 hour 1ntervals fac111tates

-

the removal of ‘some 1nh1p1tor(s) of cellular growtb (cf

2
>

g ]‘D) ‘ - N - ‘ﬁ . . ? R -

’ . o ~

- The effegt-of growth<in CAP on cell size was
. _ ‘ :

winvestigated.. Figur$‘3 shoﬁs the effect on cell volume as.

'determined:by‘measuremeﬁt of threshhold values using the -

L] >
- ) s
&8 ’

"Coulter counter. Growth of cells for 48 hours in lob ug-ml_l

CAP. results’in .2 mean increase of 29% in the volume &f the

¢ -

. .CAP treated cell populat1on. ‘This increase in size Qf CAP-

”treated cells is 1llustrated further in. the increased’ -%if’
amounts of cellular proteln and llpld phosphorug,#ﬁ@bles %

Ls

1 and 2). Both” cellular proteln, 1nd1cat1Ve of;total B
cellular'contentf and cellular llpld phosphoru’; reﬁresenta-

tlve of cellular membranes,.were elevated by 20- 30% 1n CAP -

treated cellst ThlS probably represents the arrest oﬁ

T

‘cell growth at a;pre-mltotrc stage becausebof-the absence

o

:of'the,eneréy or metabolic“precursors‘syntheSized by
. - . . " . [ Y ’ -

'functional'ﬁitochondria that are'required for cell divisfon:

., B
o - -

‘ Flgure 4 is a composite of electron mlcrographs of

-

BHK—Zl cells grown for perlods uap to 120 hours in 'CAP.

!




5

A
.

FIGURE 2

o ) “® . -~

EFFECT OF-HIGH CONCENTRATIONS OF D-CHLORAMPHENICOL

<

B -'ON GROWTH OF BHK-2lCELLS

v -
L .

."Fig. 1, exceépt that each culture was harve
resuspended ir® fresh -medium contalnlng CAP ‘gt
hours: Cells were cgunted as inm Fig. 1~

CeTls “were. cultureq, wigth CAP as descrfd

1n /'
eduanéx .

3‘f

o!v-o 1710

CAP added;

e--# 50 u

CAP;

S B CAP._

CAP-‘-A—-A 100 u
"x==%, 500 ug mi

e CAP.
s

A--4 250 ug ml

P
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FIGURE 3

EFFECT OF D- CHLORAMPHENICOL ON- RELATIVE VOLUME OF

BHK-21 CELLS. GROWN IN SPINNER CULTURE

°o s
- Cells were grown for 48 hours as in Flg.-Z..
Samples were taken and cell volume proflles determined
Cells grown 48 hours .

by Colulter Counter. s
- Cells grown 48 hours with 100 ug -

‘no CAP; = '
ml™" CAP. -~ . o ) o ’ : .
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TABLE 1

=

v .

'PROTEIN IN BHK-21 CB{&S GROWN IN SPINNER CULTURE

BHK-21 cells were grown for 48 hoursxln splnner .
culture in medium containing IOO ug ml-1 p- |
chloramphenicol. At 24 hours, 3-5 x 105 cells were. harvested
and resuspended in fresh medium contalnlng

D-chloramphenicol. At 48 hours, cells were harvested,

‘washed once with phosphate—buffered saline, once with’

0.25 M sucrose-0.1 mM EDTA and suspended 'in sucrose-EDTA.
An equal volume of cold 20% TCA was added to precipitate
the cells. The cells were solubilized in 0.4 M NaOH,
reprecipitated with cold -20% TCA andd solubilized with
0.5 M NaOH 1% sodlum dodecyl sulfate..

©

mg Cellular Protein / 107_Ce11$: .
(% of Control) - '

Experiment ,Céntrol L ‘fCAP—Treated .o
) 1 252 (100) 2.98 (118)
SRR & .. 1.89 (100) l”, 2.57 (136)
IIL . 3.00 (100) 3.28 (109) d
Average T 2.47 .(100) ) 2.94 (119)
- S -




TABLE 2 - '
- EFFECT OF D-CHLORAMPHENICOL ON TOTAL CELLULAR - :

- .LIPID"PHOSPHORU'S IN SllsiNNER' GROWN BHK-21 CELLS

. BHK-21 .cells were grown as in Table-1l. At 48

- - hours cells. were harvested, washed twice with phosphate-

" buffered sallne. Cells were suspended in phosphate-
buffered sallne and extracted w1th chloroform-methanol .

. 1:71 (V/v) ‘
- S vg Cellular Lipid P/107 Cells i
’ . . (¢ of Control) ; *
ﬁxpéf&ment ;o Control CAP-Treated
I . w4 9.95 (100) 1275 (128) "7
A - - o ;’.
N 1. 6.50 (100) 9.26 (142)
' LI1° o 9.11 (100) 10.89 (120)
Average - 8.52 Mooy ... 10.97 (129)
- )
) , .




[N ‘ v

v’
FIGURE 4
EFFECT OF D-CHLORAMPHENICOL ON THE

MORPHOLOGY OF BHK-21 CELLS Y

’

H

Cells were growr in 100 ug ml"l,CAP ‘for periods
up to- 120" hours as described in Fig. 1, for the
resuspended culture. _.At 24 hour intervals, cells

- were removed, fixed and embedded as described in the
Materials and Methods. A - control; B - 24 hours in -
GAP; C - 48 hours in CAP; D - 120 hours in CAP. .
Size bar indicates 1 micron. L ,
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Growth'was characterized by a progressive disruption of

mitochondrlal crf?tae with a -loss of the plate -like struc-’

T
—f v -

‘tures, Branched crlstae aha\ve51cular proflles appear by

< . -~ Ty <«

48 ﬁours. The 1rregular1t1es 1n memhrane structure are

. r o

accompanied ‘by a decrease in matrlx denslty.'-MltochOQQria

appear to be enlarged. Cytoplasmlc‘gaangiee,ére evidehtnat

48 hours and increase in.size and number w1th 1ength of .

exposuré to CAP.' At l201hours, the cytoplasmuls heavily *®

vacuolated.
1 o

v

L]
»

énzymes“of.the mitochchdr;al inner membrane’are

epecifically affected Ly CAP. Both succinate cytdihrome'c
‘reduttase (Fig.%iA) and cytochrome c okidaseffFié 5B) are
affected by growth in 100 ug°ml -1 CAPj Slmli;r‘effects cncht—

ochrome c oxldasefare observed w1th 10 and 50 ug ml -1 éAP

but at the lowest concentratlon, the effect on suec1naqe
r -

cytochrome c reductase is marglnal (Appendlx 2). When the

- o

- enzyme act1v1t1es of specfflc markers of the mltochondrlal
» "°* i
matrix, outer membgane, and’ the‘mlcrosomal fraction, namely ., -

= o "‘ o ®
glutamate dehydrogenase (Fig. 6A); mohoamine oxidase K 4

(Fig. GBY; and NADPH-cytochrome c'reductase (Fig. 6C)

o

féspedtiVely,;were assayed, no losses in activity due’ to

growth in chloramphendicol were apparents 1In Bact:

monoamine oxidase actiViti hadaalmost doubled by 96 -hours
in CAP' LA ; - T i

The results of: the 1ow temperature dlfferenCe spectfa

]
. - - L J

A <

of the mltochondrlal cytochromes were compatlble with the

<
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- FIGURE 5 ‘

" EFFECT OF D-CHLORAMPHENICOL ON | -

‘MITOCHONDRIAL ENZYMES

-

" ' ¢
P ' ’ d,

. . . .
’ N ' -
3

Cells were grown for a 96 hour perlod in- 100 ug

CAP, resuspended at 24 hour intervals, cells
werexgprvested washed. once with phosphate-buffered

salin and phce with '0.25-M.sucrdse-0.1 mM EBTA. = ¢
Cells were suspended in spcrose~EDTA and hcmogenlzed

Jusing ‘a Willems Polytron ’ Enzyme activities. and ceIlular

ml 1

. proteln were.. assayed as. descrlbed in Materlals and

Methods. & - succinate cytochrome c reductase,

B - cytochrome ¢ oxidase; ..o--o control, no CAP; - K
e--o 100 ug md~™! CAP. Points expressed as rangec of | ‘
threeqpultureg. - oo s >

\,
<
.
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. * EFFECTS OF D-CHLORAMPHENTCOL ON BHK-21 CELL ENZYMES' _
A H ) . ) ) ' . . - , ‘ ‘. g
A~ Cg;ls_were grown, E%olqted and homogenizeé as in
T " Fig. 5. Enzyme: activitjes and protein were assayed

as in Material's and Methods. A - Glutamate dehydro-

. genase; B - Monoamine gxidase; C - NADPH Cytochfom? A

c reductase;, o-=-o control, no CAP; e--e 100 sug-ml™

S _CAP. .Points expressed-as ranges of three cultures.
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loss in rebplratory enzYme aotlvlty . Figure 7 shows -the

I e ..

spettra of cells: grown over a 72 hour period in 100 ug ml~

o ‘N

CAP. -The cytochrohe aa peak at 605 nm had d;sappeared by

. ) 3
T 48 hougs. cThlS compares favourably ‘with. the rate of Loss ,

.
° Lo

of act1v1ty of cytochrome -C ox1daSe, of whlch cytoch-romes/aa3
arelnalncomponents, The cytochrome b peak at 559 nm '
o . . * . ¢ s
--required 72 hours to dlsappear entlrely; again mlrrorlng

the ‘kinetics of actiéity*loss-of stccinate cytochrome c

. .reductase. ' Cytochrome ¢ did not separate sufficiently?

)
-~ - 1
¢

° from cytochrome c absorbancé'at'SSS nm under these, éonditions
5 ~ o - . N
to determine [its response to CAP. There appeared to be no »
’ ' o . - . . . .
. effect on’gytochrome c. - ~, - .
4 " c LI ¥

If cells are removed from CAP .after 48 hours, growth

rbﬁes return to normal°within°12 ‘hours (Fig. 8). This is
{evident from thé& growth curve which parallels the growth

. - © : - e
curve of cultures gggwn in the. absegce of CAP over the

‘ ce%tlre perlod/ A s1mllar recovery proflle 1s“seen‘for ‘"

“ cells treated fgf 2 hours._ Extensron of-the CAP'treatmept
td 72 hours, resulted in a 24 hOUr 1y perlod befo;e‘normal
growth ratbs were observed ‘Extended.treatmeyt\for'96 hours
yielded, cultures that showed -no recovery follow1ng 36 hours

-, <

, post-treatment (Appeﬁdlx 3). o R ”'_ - .

\

CeIlular morphology appeared to follow a slower~

- [
’

”recoVery t1me course. Plgure 9 shows electron m1crographs,-‘

“of .cells that—had been trea;ed with 100 ug ml -1 CAP for ’

[

48 hours andtthen'ailowed‘to recover for 24 and 48 hours in,

I
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; i . Cells were grown as:in.fig:is._ At 24 hour . N - L
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.. . .'phosphate~-buffered saline and once with 50% glycerol
(w/v). Cells were. suspended in 50% glycerol and .
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i /// o ‘ . FIGURE 8
RECOVERY OF CELL GROWTH FROM D—CHLéRAMPHﬁNICOL(@REATMENT

BHK cellsr ere cultited - for 48 hour .in.medium
contalnlng 100 /ng ml"1 CAP. cells wer esuspended
in "esh mediﬁh with CAP at 24 hours and in fresh

iul without CAP at 48 hours. <Cell growth was 4
-mdnitored by Coulter Counter over a 96 hour perlod,
o——f control without CAP; &4--A 96 -hours, 100 ug

A--A 48 hours, 100 yg ml=* cap fol!bwed

by 48 houpé without CAP. ‘ :
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T } FIGURE 9

-
MORPHOLOGY OF BHK-21 CELLS RECOVERING

FROM TREATMENT WITH CHLORAMPHENICOL
¥ o
2 “

] Cells were grown as described in Fig. 8. At
24 hour intervals, cells were removed and prepared.
as in-Fig. 4. A - 96 hours control; B - 96 hours ~
in ‘CAP} - C - 48 hours in CAP,, 24 "hours without CAP;
D.- 48 hours in CAP, 48 hours without CAP. Size

bar indicates 1 micrqp. ..

]

.kJ







1

_the low temperature cytochrome spectra (Fig. ]f which

‘recovery (Fig. 10B). Cytochrome spectra of cefls_recoﬁered -
for 24 hqurs_ showeéd neariy normal levels of citpchrome b el

the absence of CAP, in comparison with cells grown for 96

- reductase, revealed different rates of recovery. Succinate 'yp

" on removal of the drug. o : N~

1’ ‘ - w s 45

- ! \

- Q

hours in normal medium or 96 hours with CAP. Mitochondrial

c ristae appear by 24 hours post-treatment and plate-like

structure is not evident until 48 hours. Matrix density is
increaéed and cytoplasmic and mitochondrial vacuoiatioq

decreased. o
¥inally, ‘assay of }he inner mitochondrial membrane
: ! < )

enzymes, cytochrome c oxidase and succinate cytochrome c .

cytochrome ¢ reductase (Fig. 10A) appeared to show complete

reéhbéry within 12-24 hours. This correlates nicgﬁy‘with

’

¥ ) :
s%pﬁed some residual cytochrome b activity at 48 hours.

Cytochrome ¢ oxidase required 36-48 hours for complete.
»

- L]

o

bl

and.some cytochrome aa, whi;e the spectra of cgllé'recévered" .
for 48 hours showeﬁfﬁoth éytochromes aqiané,b £o'be present‘ ’, -
in.normai éoncent;ations (Appendix 4): The'increas;d ‘
monoariine oxigase‘éctivity‘observéq\in CAPJé;eated q?lls

s ', -
[ .

{Fig. 6B) was somewhat evident at 12 h%Prs post-treatment;

but had returned to normal levels by 48-hours pe@st-treatment -

with CAP (Fig. 11). No change in either‘élutamate ’

3

dehydrdéepasg‘or NADPH cytochrome c reddﬁﬁaée was. observed




FIGURE 10

i

—RECOVERY OF MITOCHONDRIAL ENZYMES .

Ly

Cells were grown as in Fig. 9. At 24 or 12

" hour intervals 3-5 x 103 cells were harvested, homo-
genized and assayed for eanzyme activity as in Fig. 5.
A - succinate cytochrome c reductase; B - cytochromeé
.c oxiddse; o--o control, without CAP; 4--4 96 hours
100 g ml=1 CAP, 48 hours followed by 48 hours without
CAP fo;nts expressed as ranges of three cultures.

.
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harvested, homogenlzed " @nd monoamlne ‘oxidase’ assayed
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DISCUSSION

Studies of the effepts‘of chloramphenicol on

5
»

. regenerating liver (Firkin and Linnane, 1969; Deriee and

Kroon,‘IQ?O), ‘primary heart cell culture54ﬂKroon and
Jansen, 1968) or. ,in. bone marrow cells (Smlth et al., 1970)
e * . - ’ -

suffer from thg fact that a homogeneous cell. populatlon was
[

not usad. -.The use og.cultureé animal cebis such as HeLa
‘ - . _
" .®Pirkia and Linhane, 1968; Attardi et al., 1973; - ' Lénk and
@ penman, 1971; King et $°i.;.‘1972.,- Fettes et®al.f 1972),

- human lung flbfablasts iPackertet al;,,1973),'1ym§hoﬁa‘
..celIs (gosmaﬁa’ 191;) or mouse embryo (Plko and Chase, 197§)

'y

prov1des a angle cell- type system that casn be unlformly o
*

-
treated w1th chloramphenlcol or other drugs, and the

effects quantltated : ' . - L
Y o

_ After two to thrée Cell doubllngs BHK cells falled to

. i

divide 1n media contal 1ng 10—100 ug ml . CAP, in general
o .
agreement w1th resul s from 51mllar expenaments u51ng

tS

- -éells (Klng et ala, 1972- Fettes-et al., 1972) and HeLa  ‘

A«(‘

cells tFlrkln and Llnnane‘ 1968; Stornae and Attardl, '1972).

L3

ngher CAP concentzatlpns (250 and 500 ug ml ) inhlblt?dﬂil

L2

growth almost lmmedlately, agaln 1n agreement-with résults;
. ¥

; u51ng HeLa celis (Flrkln and Llnnane,fl968) A However,'
s v
effects of- he high CAP concentrations may be related to an
- \( »
LN
meedlate lnhlbltlaP of resplratlon,(Flrkln and Llnnane,

,"1968).- The fact, that dlfferences In dgllular grOwth are .

. noted by 24 hours in BHK-21 cells “and Lfceils (Fettes et -

R




al., "1972) may indicate faster respdnse to” drug treatmemt,
‘possibly due to fastex gronﬁ*rates'(Storrie‘and Attardi,
1932) In these experiments described above, the cell

suspens1ons wero'dlluted to malntaln exponentlal growth.

a

When islls were resuspended lnstead in fresh CAP- contarn'

L% .
medlum, growth rates were less strongly 1nh1b1ted Renqw—

- ~

ing the medlum may replace growth components that are rapldly

e

utlllzed by non—resplrlng cells, or may Efmove one or more

A

products’ of anaeroblc,metabollsm shch_as lactic acid, or .
precursofs of mitocnondria that .are not assembled«in:tbe -
"presence of CAP (Schatz -and Mason, 19749, .and whlch 1‘ -

accumulate and’ secondarlly 1nh1b1t cell growth R .
-. The increase in qell 51ze as-a result of CAP treatment

has been noted prev1ously for L-cells (K1ng, et al., 1972)
‘ .
.and for HeLavcells (Lenk’gnd’Penman, 1971' Klng et al., . .
0 M . .
1972) .- This was*not observed by Storrle and.Attardl (1972)

u’fdr HeLa cells.- Contlnued cellular membrane synthe51s in

2

the absence of m1tochondr1a1 d1v1510n ‘may result 1p both -

2 enl%rgedreells and mltochéndrla. . Increased ‘mltochondrlal_
size was é;twobserved in Hela, cells (Lenk and. Penman, '
1971%. ‘It the presence of £unct10n1ng mltochondrla is

‘:requlred for cell division, uncontrolled cell growth
w1thout d1v1s10n may contlnue for some time before 1t '; l . ;g
is 1nh1b1ted by a lack of precursors or energy. ' '
The inhibitor 1tself dbes not preVent cell d1v1310n--
(Mahler, 1973), yet defectlve mltochondrlal function will

result in a dlsruptlon of cellular anabollc processes.

-

4




N
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, Within twelve hours of.removaf of CAP, cells start diy{ding

. hOrmaily. This period may~represent the time needed to
regenerate mltochondrlal competence, and recover ‘cellular
metabollte and/or energy levels. The number of mltochondrla,
per cell does not,aﬂpear_to'changé in CAP—treated cells,:

-“and the increased Ceilular volume’ma; also be:related‘to ’
the larger volume of- cytoplasm occupied by the.swollen

mltochondrla (Klng et al., 1972). ’ Pious et'al (1972) dld‘

not flnd elevated 1 els of glycolytlc enzymes 1n CAP-

treated cells, suggest ng that adaptatlon ‘to anaeroblc

energy gener tlng,meta

in cytoplasmlc v .-

-

Changes in mrtochondrlal morphology start. to become

©

-

ev1dent by 24- 48 hours. The.alteratlons in Gristae structure

and the decrease in matrix density in BHK celk\cultures

grown in CAP~containingd medium have also.been observed in’
, : . ) . j

HeLa and l-cells (King et .al., 1972), although others have
. : M . -_— : ' &

* failed, to show similar'CAP effects in HeLa cells (Attardi
et'al.} 1973) or human flbroblasts (Packer et al., 1973).
-Desplte the degeneratlve changes in crlstae and matrix,.
.both_the’outer and’ inner membranes remain intact (Adoutte .

- et é{., 1972), The'large'vacuoles which appear in the |

.cytop%asm,zaopear to‘represent lrpid droplets containing

®

precprsors or vhincorporated components of the mitochondrion
(Lefik and Penman, 1971; Adoutte et al., 1972).

- - . . . - " . I3 .
The reduction in cytochrome c oxidase activity on
- i .

lism does not account 'for the 1ncrease:
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CAP'treatment,'has been well documepted-lking et él.,‘l97§}
) Fettee et gl.} 1972; Piocus et al., 1972), as has the o N '
~effect on the activity of succinate cytochrome ¢ reductase

‘(King et al., 1972). The latter~decrease5fat a slower'rate

E
) than cytochrome c ox1dase in both HeLa anad L cells (King et
. L ]
. - . ~
' -'gl., 1972) Slnce succinate dehydrogenase act1v1ty,appears

to be 1nsen51t1ve to CAP treatment (Fettes et al., 1972),
. the effect ®n the coupled system, succ1na£e cytochrome c

i f reddctase, is most likely gelgted to the observed.effect on ¥
cytOchrome b. . The absence of any reduction .in glutahete
dehydrogenase act1v1ty 1s in, agreement with the conclusron
.that portelns of the mltochondrlal matrlx appear to be.

* L]

sfnthesized entlrely,on cytoplaigic rlbosomes (Schatz and
. Mason, 1974), .Similar reeglts?are observeq for mitochon-.
"drial malate debYdrogengse (Fettes gE'gl.; 1972).
No chabges in Endoplesmic reticﬁlﬁm were observed'as
= _‘determined by the conetant activity of NADPH cytochrome c
redﬁctase: The elevation in monoamine oxidase ectivity
@g s could be attrlbuted to pnol;feratlon of the outer.
e n;' membrane, Wthh is not under control of the mltochondrlal
. ) * genome (Adoutte et alfﬁ 1972)a Thls~observatlon is
consistent with the observed increases in mitochondrial
size. The release. by CAP treatment of latent act1v1ty N
follow1ng ‘mitochondrial damage seenis to be a more likely
explanation. ‘The resulte;of prellmlnary etudres showed

. that assay of.the enzyme in in the presence of Triton X-100

.
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)

* results. There appears to be 1ittle or _no change in "

‘succinate cytochrome ¢ reductfse a

. . ' . “ #
) ' ' ‘ . N

.iAithal et al., 1976) yields higher values for the specific

act1v1ty of the control cells, but not for CAP-treated cells

»(Appenqlx S) ~after 96 hours. - “ . e

?he observed disgppearance of the mitochondrial cyto-~’

chromes on CAP treatment is in agreement with published

‘ﬂ
e

)

cytochrome ¢1 kKing et gl.,‘l972); brscytochrome c (Fettée
et a}., 1972), both of which “are synthesiZed on cytoi
plasmlc r1b050mes (Klletmann et al., 1973; Ross and Schatz,
1976). Cytochrog\gﬁs are the most rapidly affected of the

'
mltochondrlal cytochromes,~wh11e cytochrOﬁﬁ b decreases

;more slowly (Klng gt gl., 1972) These results cannot be -

’ ] . . . .« N
explained in terms of a faster turnover rate of cytochromes
o » * .

aa, than cytochrome b, since all 'three appear to have
. M . ' | N " .
similar half-livés of 5.:5-6.0 days (Getz, 1972) as measured

‘s ising 3ﬁ—é—aminolevulinate or'14c-guanidoarginine (DPuyar

.

etAal., 1869; Aschepbrenner et al., 1970).~The disappear—
.\

ance of both cytochrome c ox1dase and succ1nate cytochrome c
- +
reductase acE1v1t1es parallel the dlsappearance of their

-

respective cytoch;ome components. /Qn removal of CAP,

-

1V1ty returns #o normal

[y

within 12-24 hours, fgllowed dchrome c oxidase

activity. ThlS 1s in go#@ agreement with~ results found for
yeast cultures e1thér underg01ng glucose derepress;on (Ball
v I

and Tustanoff, 1970) or adapting ‘from growth 1n CAP« to

‘Jgrowth in cycloheximide (Lin gg al., 1974). Thus the

. ~ .
A . . »
. .,
. .
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. two. énzymes may be under dlfferent controls, both for syn-

thesis and turnover. This-may be re‘ated to dlfferent rates
/

of synthe51s ‘for m1tochondr1al dnd cytoplasmlc compg@nents

Pl

and thelr 1ntegrat10n 1nto the membrane, .both in de novo

growth—related enzyme synthesis, and &s replacement'fqr
~ '

. ‘ . T e

enzyme that i# turning over in growth restricted cells.

Fihallyr it appeérs that the recovery in growth apd
morphology.of cells.treated with CAP is reléted to the '
lrecbvery'of mitochondrial respiratory activitf.‘ Onoe .4;‘ Coe
lmitochondria“regain their potentiql for elect;on transport

"and oxidative'phOSphorylation, the various processes

. . NS . ’ LS .
requiring ‘mitochondrial energy or precursors are revived
‘ : .

‘ L - N : -
or accelerated.. '\ ‘ IR - , U

Cells exhibit.the ability to. recover from periods-.of

.

CAP treatment up to 72" hours. Treatments for longed

- . ) . _
periods yield- cells with.little or very slow abilities to
recover, possibly due to cell breakddwn (Storrie and

-

Attardi, 1972) L-cells on the other hand show the

-

y

ab111ty to recower rapidly after lengthy treatments

(Fettes et al., 1972). - T A

-ﬁ .
The use of CAP to modulate mltochondrlql growth in 9%

v

-

rapldly d1v1d1ng mammalian cells is a valuable tool for
studying mitochondrial blogene51s in a non-mlcroblal

system.. T - o

| / . ) . ’ ‘ | /‘,
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CHAPTER 3 | MIT(-)CHONDRIAL‘PROTEIN ‘SYNTHESIS

{ IN CHLORAMPHENICOL TREATED BHK- 21

L4 .
-

. CELLS

3.1 © INTRODUCTION

- ©

It has beeh demonstrated that the antibacterial
antibiotic, D- chlpramphenlcol selectiuely inhibits the
~mitochondrial pﬂoteln synthe5121ng system of somatic cells,

' L
without affectl?g the cytoplasmic system (F1rk1n and Llnnane,

_D 1968; Lenk ahd/penman, 1971; King et al:, 1972; Fettes '

et al., 1972; Storrle .and Attardl, 1972; Packer et"al.,

[ L . 3

1972). The block leads to,lnhlbltlon of hemoproteln
‘formation (Dru an et ail., 1973), loss of resplratory enzymes

”

(Firkin &nd L#nnane, 1968; Kroon and Jansen, 1968) and
. ’ . 4 » - |
altefations i ‘mltochondrlal,ultra—structure (Lenk and

Penman, 1971; King gt.él.,51972). HoweVer,’there is little d

‘¢ information cdncerning the ,way in which these lesions of <

:. the functiona .inner*membranejof.the‘mitochondrlon may be

- - "

N ; related to me abolism‘oﬁ‘the‘e'ccmponents. The work ’

" descrlbed in this chapter represents part ‘of an 1ntegrated

. approach to th study of these parameters of m1tochondr1al

4 membrane formatidn in cultured mammallan ce ;s; The‘growth o .‘4
and morpholoqLcal alterations as well as cha ges in -
e resplratcry enxyme content of CAP- treated BHK-21 cells
have been desciibed ‘in the precedlng chapter, The extent. )
5 ~of inhibition of mltochondrlal and cellular proteln,' . .

l
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synthesis under these cdnditions of CAP tremtment found .

to produce optimal inhibitory, but reversible, effects, is
R N !

-

. gxamined in this chapter. ) - o .;
) ' . | | ‘
3.2 MATERIALS AND METHODS' | o
P .3.2.1 CeiI'Culpgre o | ) B - .
) °ébinner adapted BHK-21 22}15 were cﬁltgred in Modified
Alpﬁg'MEM supplemedteg with 5%‘fetal Q&vine serum ;nd i . .
’ antibioticsf ‘CAP was.addéd to experimental culfures td a .

- . B
"final concentration of 100 ug ml ! unless otherwise stated.
. . s . . . ‘ - . . ;

Control cultukes were identically‘mainfained éxcept for

the absence of CAP. Cells were routinely maintained and
5 Ll

4

labelled under,logari;hmip growthﬂcondipions (3-6 % 10

s gl -

- céﬂls'ml—l). ‘Cyclerxihide (Sﬁg@g) was added to cultures

" to the concentrations described .in the text. Cell growth

&

. . . ¢ A 3
.was detérmlned using a Coulter Counter, Model B.

»*

, , N o ‘ R ) _ ,
. . 3.2.2 Labelling of Cellular Protein . o

-~ LY

Rates ofrproteih labelling‘were measured in cultured *°°

'y

cells during the period of linear incorboration by the
direct addition of the appropriate isdtope_to cells fresHly L

‘Bspended in' normal érowth medium. . Unless otherwise noted

cells were cultured in CAB¥containing medium for a total- ,

] L)

of 48 hours with resuspensiop in fresh CAP-contaThing

medium at 24 hours. Ats 48 hours, cells.were resuspended

. . 4} ’ _ - -
}n medium with*gr wighout CAP to measuré uptake. S T
¢ and incorporation of th</§;B£ein’or heﬁe'précursor.’

*
L3

] R »




L leuc1ne [ C(U)] (308 mCi mmole_l) andfb—leucine

j4 5- H(N)] (67.7 Ci mmole-l)'wefé pu}chased Efom New

n

- England Nuclear. §~Aminolevulinic Acid [2,343H} (33 Ci
mmo&e— ) wes.obtained'ffom Schwarz/Mahn. 'Labelled

‘precursor was' added to the cultures without any cold

carrler,-other than the normal medlum constituents.-

Follow1ng the appropriate labelllng period, cells

-

were har&ested_and washed, and fractionated by one of tﬁe’

. R , 0
two prqcedures“described below.

‘ Protein synthe51s was élso measured by a double

-labelling techplque FOdlfled from that descrlbed for

7

analyzing specific yeast pdlypéptides by Groot et al.

(1972). Control cultures were grown in nb;mal medium
-1 4 ' .

‘containing 0.1 pCi ml 1 L-leucine [14C(U)}. Additional .

control culéures and cultures containing 100 vg ml-l CAP.

were grown . in normal medium .containming 0.1 uCi ml_l

L-leucine [4,5-3H1N)]. Following incubation, i4C-'and

3H‘-labelled' ceIle were mixed in,a ratlo of.l:4 v/v, b
ﬁarvestedy uashed and éractionated‘eé below. By mixlng'of
the. labelled cells before harvestlng, the H/14C ratie"
1ntrod“ped should be malntalned :urough all subsequent

proqedures despite any loss of material. -Sllght variations

in the rati6 from one sample to another due-to ﬁixing .

[y

1ncon51stenc1es can be eliminated by. d1v1d1ng each ratio

by the H/ 4c ratlJ of the TCA-soluhle extract of the whole

-

H@hogenate (see below) .




-

.as a measure of the pool size of the precﬁ;sor used rin the

3.2.3 Fractionation of Celgs

In ekperiments where total cellplar upfake and
incorporation‘wefe studied, 'th wa ted cellulér‘pgllet‘Was
suspended in-1 ml of 0 25'M sUcrose 0. l mM EDTA and son;cated
for 30 seconds ;n a Branson Son;fler equlpped w%th bath. ]
An aglquot was removed for meaggrement of’totaﬂ uptaﬁF og..
precursor and the remalnder.wasfprec1p1tated w1th‘an equal

volume of 20% triohloroacetic_acid~%w/v).- " s

Where incorporation into various .subcéllular fractions

- - o : : ' -
was analyzed, the washed cells were‘suspended in 2 ml , '
sucrose-EDTA, homogenized for 15 sec._using a Willems N

= : 1 : "° - . i
Pblytronﬁg) (Brinkman), and ¥ractionated by;procedures IR

described for rat liver (McMurray. ﬁd,Dawson, 1969)

Subcellular fractlons were suspended in 1 ml sucrose -EDTA by

L 4

sonicdtion as above.“'A sample of the homogena;e {0.2 ml)

was,made up to 1 ml with sgucrose-EDTA. A 1 ml sample of
~ : ) - .
supernatént was also-femoved. All fractlons were prec1p1— Ve

J. p o '. i {

tated w1th -4 equal volume of 20% trlchloroacetlc ac1d.

-

The TCA-soluble component of Qhe‘homogenate was’ utlllzeg
- R . - < A

-

v

fabelling proceduré. .- I \y}f

-

The TCA—precipitated ffactions weré'subsequently'

processed by -a modlflcatlon of the method of McMurray and
Rogers (1973) as modlfled from Beattle et al. (1966)» The_ﬁ

pelLet was washed once with 5% TCA, and then dlssolved in |
l‘ :

talnlng 1 mg ml’l L-leucine or 1 mg ml




. n.
. ~ 67

’ é—aminolevulinfc'acid (prepared immedfately before use) and

- o

incubatea'for 60 minutes at 37°. The proteins were’
vre;recipitatedﬁurth an equal volume of 20% TCA and the .
slightly.moist precipitates dissolued by standing over-
nlght in 0;2 ml of 0.5 M,NaOH-1% sodium dodecyl sulfate at
~ room temperature . Samples were then diluted to 1 ml and
Lwarmed slightly to clarify. ”
Aliguots were removed immediately for determination
of protein by the method of Lowry’et al. K1§513. Samples
were prepare? for liquid. 501nt,111at10n countlng by neutra— ‘
lization with excess ethyl formate and addition:of Aquasol(:>
- . (New England Nuclear) (McMurray and Rogers, 1973). “The; ‘
* samples were then counted in a Packard Tri- Carb<:> L
sc1ntlllatlon spectrophbtometer optimized for ‘double label

s determination. Results were corrected for spill-ovér of

‘one channel into the other channel. TCA-soluble pools were

count by neutralizlng the extract with 0.5 M NaOH-1%
. sodium dodecyl sulfate and counting as above. Specific
activities wére reported as cpm per mg protein ‘or as the
ratio of‘3H—counts to-14C-counts. These latter values were
normalized by dividing by the TCA-soluble JH/l%c ratio, .a
measure oOf tn? intracellular podl of labelled precursor at .
the end of tne incubation. Gubcellular fractibns were ’
normalized relative to%incqrporation values for whole ™ ™ —
nqmogenates in order to detect seleltive effecte on

particular'drganelles: . . J ’ S‘




- 3.3 RESULTS

3

Uptake of ?H-leucine with time in the presence or

absence of CAP, was examined in celle that had been’

&

cultured for 48 hours in’ the presence or a/sence of~f00 vg

m1~! CAP (Flg lZA) It is evident from these data, that -

.

/

the rate of uptake of leucine is sli%htly decreased by

culturing the cells in the presence of CAP. The presence

«

of CAP during the uptake perlod does ‘not appeaf‘to»affect the

amount of leucine. taken up by the cells. In all casés the

L] - -

maximum uptake appears to be the same.

When the amount of leucine incorporated into cellular

§

protein was examined with time, the results .indjicated in
Fiqure 12B were-obtained. The-rate efﬂiﬁcoxporation into
S . . ) . ; .

total cellular protein is elightly reduced in CAb-treath.

cells but appears to reach the same max1mum as the control |

>
-~

cultures by 10 hours, Aqalnait would appsar that the

pretreatment with CAP is olmpprtant in determlnlng-the .

‘incorporation rate, while the presenge of CAP dhrinq the

incorporatibn period. has l}ttle'effect;' ' - ] -

‘The effects on the ldbellimg of subcellular fractions’

were determined in cells‘qrowﬁ for 48 hours in 100 ug mi—l
CAP and~theQ\1abellea fos 4 hours with,leueineﬂ. The double - . .

. L o ” » S ‘
label results- are given in Table 3. .The results indicate a
“ . sllght though probably unimportant' increase in the pre-

cursor pool of CAP-treated cells. when the ratio of counts’

o
« - -

- 'incorporated,into[the various subcellular fractions is-

- . ] . : A
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FIGURE 12
TOTAL "UPTAKE AND INCORPORATION OF 3H-—LEUCINE
\
BY D-CHLORAMPHENICOL-TREATED BHK-21 CEL—LS '

‘ BHK-21 cells were grown for 48 hours ’in the .
presence and absence of 200 ug ml~l CaAP. Cells were '’
then resuspended in fresh medium (3 x 102 cells ml~1)
with and without CAP and cultured for_an additional '
10, -hours in the presence of 1 uCi ml” 3H-leucine. At -
wvarieus time intervals, 3-5 x 107 cells were removed, .
washed and total uptake of leucine was determined as .
"described in the Materials and Methods (A). Samples iy
were precipitated with 20% TCA and fractionated as
described in the Materials and Methods (B), o--0 48
_hours growth in Alpha + 10 hours uptake in Alpha; o
#--® 48 hourscgrowth in Alpha + 10 hours-uptake in . = .
Alpha + 100 ug ml~1 CAP; A--A.48 hours growth-m— . Con

o AkphalﬁllQO_ug‘ml‘l CAP + 10 hours :uptake in Alpha; ‘ '
- - A--& 48 hours growth in Alpha -+ 100 pg ml~l CAP-+

s 10 hours uptake in‘Alphs%- 100 pg mi~1 CAP. '

I

. ) .
- m . . - , c
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. to the mltcchondrla.

T »}1 ' - . N

. - , - .

" examined, there is a very slight decrease in-frabtions

2 . -

from ce;ls grown for 48 hours -in C@B. This decrease in

relatlve spec1f1c actlvrty is' probably- related to the

sllghxly larger poot in these cells.» However, whfn‘thei

effect on the Varlous subcellular fractlons is compared

to the gfoss effect on¢ the TCA—preclpltable homogenate, .
L N

1t is ev1dent that there 1s bas1cally no’ decrease spec1f1c‘

-

The efﬁect of d1f rent concentratlons of CAP on.the .

anorporatrgn of leuc1ne was exawlned (Table 4). 'Sihce

- .
-

hlgher concentrét1ons of CAP were shown to" 1nhib1t celL«lf

e

growth severely,_the effect~on proteln synthesis might be

’apparent stlmulatlon of 1euc1ne 1ncorporatlon 1nto
\

»

more pronounced. It was observed that as the concentratlon

m '

of CAP was 1ncreased from 0 to 250 ug ml l, there was»an

mltochond;;alvp_gteln.as well as_mlcrnsnmal_protelnr__At

-

500 ug ml 1,‘there was a sharp decrease,l labelllng of

_protein.’ Soluble proteln Jas labelled to & decrea51ng

- - |
degree relative tp other fractians w1th~1ncreased CAP, ‘hut

“ o
agarn there was no selectlve degrease of mltochoﬁdrlai

proteln 1abe111ng o . e ] 1' 'j co
Since it was. apparent that m1tochondr1a1 ﬂroteln

synthes;s constltuted a very small percentage of total e

.cellular pqpte1nasynthesxs, celli were treated with

'o‘ 3 >

»

cyclohexlmlde, a\ipeciflc inhil¥ tor: of cytoplasmlc
synthe51!,,1n ord

Ito elimlnate the bulk of" the

-,
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incorporatidn of leucine. It was first necessary to determine

thé optimal -concentration of cycloheximide for inhibition of '

e

, cellular growth (Fig. 13). ' Cycloheximide at a concentration

of LQTS M was shown to maintain a steady number of cells
.. while concentration® below resulted in net cell growth and

. - .
- - ) »

those above net cell death. This concentration of _° _ -

cycloheximide (lO_SM) was hsed_to examine the extent o{;?d
) - ' ' . ’ s 7

CAP-sensitive protein synthesis. St N *

The'inhiBitioﬁ of total cellular protein synthesis

_ by CAP was shown to be minimal {Fia. 12B). Since proteih -

synthesis- by CAP was’' measyred at a i en cells had

"already been exbosed to éAP for » 8‘thrs, it was conceiveble

ay have occurred.duripg-.thé

_that any dramatic feduction
1n1t1al period'of exposuyre. Cells were therefore treated
w1th CAP, CAP plus cyclohex1m1de or cyclohexlmlde durlng

the 1n1t1al 32‘hguxs_of_gramth+_and_labelled—w*th—iic —

: -1euc1ne. The“results_are ‘shown in Flgure 14. Inltlally,

“the 14 /3H leu01ne ratio in the. TCA-soLuble fraction (a-*”

L

measure. of the 1ntra2\1lular pooD in cyclohexlmlde-treated

/‘ ‘ =
. ;cells is larger than.the pool 1n cells grown in the' LT
J v - b
_absence of cycLohexamlde, regardless of whether CAP is . .,

present or not% With tlme however, this sxtuat;on 1s ; o

-

reversed sO that by 30 hours, the free pooi of leuc1ne 1s
two- to three-~fold greater gm the absence of cyclohexlmlde.'
-,!n-addltlon, although the relatlve 1abe111ng of the TCA- -

_preg;pltable meyerlal is- 1n1t1ally about the same for all

; ) . - -
'y" e' ; , . —




IGURE 13
' T . A

> »

EFFECTS OF CYCLOHHXIMIDE ON BHK CELL GROWTH . >

S ) . S

»

BHK-21 ceil‘s.were grown Afor -48" hours in the cyclo-
Jheximide concentrations findicated. : )

- . . ’ . ’ ¥ a .
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 FIGURE 14 ) : L~
. EFFECTS OF D-G LORAMPHENICOL AND CYCLOHEXIMIDE ‘ON

. . -
» ' .t

Cel¥s were grown at vgrlous times up to- 32 hours in -
the presence of. 0.1 }Ci ml 4c-letdcine and either 100
ug-ml=l CAP, 1072 M ¢yclohex1m1de or.-both. A second
control culturg”has rown slmultaneously with 0.1 uCi ml
izc 3e. Cells were sampled, mixed in a ratio of 1:4
v/v /2H, (7 x.10% gells 'totad) .washed, and precipitatéd .
‘with-«20% TCA. The TCA-soluble fractlon was counted as. . =
" described in the Methods (A) The precipitable- material ,.
was. fractlonated and cbunted (B). ©o=-o control; e--e *10
‘ug ml—1 C%P A=--A"10"3M cyclohexlmlde, A--4 100 ug ml”
CAP + 107° M cyclohexl lde. :

1 .
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cultures, by the end of the- incubation perlod the contrfl !

cultures haOe an 8- to 10-fold greater 1ncorporatlon than

-

"those treated w1th pyclohex1m1de. Chloramphenlcol seems to

have little or,. ho e&ffect on the leucine pool, whether or not

cyclohex1m1de is present However; when the 1n1t1ak period .
(0-60 min.) of labelllng of the TCA- -precipitable materlal

is examined, 1f CAP is added in the presence of cyclohex1m1de,

-

" there is a further decrease 1n the ratio. At la&er tlmes

‘(from 2 Ar. on) there is no addltlonal effect‘when CAP 1s
P .._r\ W -

- added . to the cyclohexrmlde lnhlb;ted cells ‘ It is also

.'rv:, »

“ev1dent that the results observed 1nrear11er experlments

e

(Table 4)'do not arlse from a preferential metaboiism of'the .

v ° . »

3Hf versus-14c-labelled leucine'hy comnttrol or CAP?treated'

cells, as the isotopes were re%ersed in this experiment.
I
Because some of the. pnoducts of mltochondrlal proteln

synthes1s are 1ntegrated 1nto hemoprotelns, the effects of

CAP on’the 1ncbrporatlon .of é-amifiolevulinic acid in BHK cells
were examrned. The.effects of CAP on uptake and on 1ncorpor-_
ation into TCAéprecipitable matérial éré shown in Figure 15.
CAP does not appear to 1nh1b1t the uptake of &~ amlnolevullnlc
'ac1d into the cellsy In fact, if cells were cultured and -

—r .

labelled inh the presence of CAP, the 1n1t1al rate of uptake

q

. .as well as thé maxjimum uptake, may be sllghtiy enhanced A

(Flg..lSA} . However when cells are cultured and labelled in.

.\

the presence of CAP, the rnCOrporatxon into TCA-prec1p1table‘\

mater1a1 at,lO hours Jis reduced by about one thlrd (Flg. 15B) .-

4 . -
‘ - et . . ’
- N .- N
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s e - FIGURE 15 2 - ‘
- EFFECTS 'OFnD—CHLbRMWPHENICOL ON THE LJPTAKE AND o

INCORPO‘RATION‘ OF (5'-AMI'NOLEVULI\NIC"AACH) .
' i . o A
4 . . . \ '

- ’ . ! -
P . - -
. v

Cells were growh'for~48 hours in the presence

and absence of $100 ug ml~l CAP.,as before.® at 48 N
hours cells wele’ sqggendéa in fresh medium with and
without CAP (3 x 10°%>cells ml~l) plus [3H]-6- .

aminolevulinate (1 uCi m ) and incubated. 3 x 106 cells
“were removed at various times, wg#hed and suspended

by sonication. ‘Parte#fhs retained for totdl .uptake-.

(A) and "ti® ‘remdinder was ®recipitated with an equal ~
vopjume of 20% TCA and fractionated (B). o--o 48

hour growth in Alpha + 10 hour uptake in Alpha, -
e--8 48 hBur growth in "Alpha + 10 hour, uptake‘in

ar

Alpha + CAP: _A--A 48 hour growth in Alpha + CAP, + s \‘
10 hour uptake in, Alpha;’ A--4° 48 hour growth in. !
Alpha + CAP + lO,hou; uptake in Alpha + CAP.. - : -
e . y i - ' : . . , . ¢ -
- _o‘ . . - ’
Il ) .l . / » . - ) ;r a'
Y .
P
3 ) - '
-“ " - - N
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- protein, the effect should be evident specifically in the

W

This reduction is not reléted to uptate,:sineé coetrol o -.
cultures, grown withaut CAP and labelled in the presence of =
CAP, do not show this 1nh1b1tlon; Cells &\}tured in CAP and
.labelled in the absenee of thie antibiotic¢ alsd fail to shoh
ﬁhe inhibition. |

If this reduction is related'to the absence of
incorporation:of proethetic groups into Hitochondrially co ed

'

mitochondrial fraction. These results are indicated in

Tably 5. The observed reduction in total cellular precipit-
abl _materiel after :4 hours labelling does not seem to be
rela¥ed entirely to an e}fect épecific to the‘mitqghenaria,
as all‘%ubcellular'fractiqné seem to be af%ébted‘te some
eitent, despite the fect that the specific actiVity of the
mitochondria was three-fold higher than the microsomal ‘
fraction. This latter pecint is a reasonable flnalng in view -

.

of the concentration of hemoproteins 1n'm1tochdndr1al ".ié
Pk}

- membranes, and' the importance of mltochoneraI reactlons in

-

the terminal assembly of heme (Meyer aqé Schmid, 1973).

v

-

-

s .
. /-
. i
$ ——

The incorporation of leucine in%o whole cells or into

3.4, DISCUSSION

mitocho;arial proteins is not dramatically affeqted by
prior.growth or labelling in the presenhce of CAP. This is”

consistent with the fact that the bulk o cellular protein,

-

and of mitochondrial protein is synthesized 6n_cytop1asmic

.
‘ /
- * l
.

L4
v

.
” . . -
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' . . . . . . ‘ /
T . rlbcsomes rather than the Giirsen51t1ve mltorlbosomes‘.
o

»(Beattle, 1971). The total amount of proteln synthe81eed

o 1ntram1tochondr1a11y is mlnlmal 1n/gomparlson to the vast
numbers of mltochondrial protelns gynthe51zed in the
« - cytoplasm:(Schatg and Mason, 1974). The sllght reduetlon‘
“in labelling'of‘celldfar:pfoteih observed in Fﬁgu?é 12 -
may. be reldted te the reduced uptehehpbut.the amopnt.;

. N2 L " . °
incorporated relative to the°’amount taken up‘ls censtant. .
. . » P - - Y

. . s . - 3
"It is only af conben%rations of CAPifhere cqil q;owth 1s
eésentlally non= existent that lnhlbltlon is evident,

yet thls is not restrlcted tc’the mltochondrla
Cyclohex1mlde has a dramatlc effect -on. the 1ncorpora-
p
. ]
' tlon of 1euc1ne 1nto BHK 21 cells. FOllOWlng an 1n1t1al ’

/' l. : ]

' / ok
- l(rate of labelllhg comparable to that of cultures grownnln

. ,r*i th absence of 1nh1b1tor, the synthe51s drops off qulckly

J

AN }and reaches a low basal 1evel by two hours. if CAP 45

‘added to the cyclohexlmlde contalnlng cultuﬂhs, the

° . 2

+ .
_;nltlal synthe31s is reduced .Thus)tﬂmernltlal protein

L

synthesis 1§ probably of mltochondrlal orlgln. GM;todhon-

drlally coded protelns appear ta beasynthesized Ln " ff
51gn1f1cant quantltles.only 1f they qan be c0mb1ned wf@h -

the approprlate cytoplasmlcally coded peptldes that are

needed to generate.the complete compOnent (Schatz and'f f;
Mapon, 1974; TZagglofert al., 1973) _.Thus a pool of ;,
s mltochondrléily synthes;zed precursors is ﬁTESent 1n1t1a11y,

- ‘l » v -

but dlsappears ‘within two haurs in the agsence of cytoplasmlc
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)

S synthe51s.‘ Agaln, it is ev1dent that the level of

o e um.t‘tpchondrlal' proteln synthes;s is very "low in comparlsop -
- to cytoplasmlc prth1n synthesie.. . “ ° ‘ \>\;
¥ By contcast wlth the,qulte general dlstrlbutlon of _ -

leu01ne labelllng among cell fractrons, 1ncorporatlon of

’ -

H

e 6-%p1nolevullnate‘was several-fold,greatér in the mlto—
v L -

chondrial proteins.  This is consistent with the fact that

- \ - r
5\uany hemoprotelns are localized in the mltpchoﬁdrlal inner °. .
. C -
membrane, “and that the final step in the prbductlon of .

0 3 : "
‘heme which 1nvolves the insertion of'iron(II) by
ferrochelatase is mitochondrial (Meyer and Schmid, 1973; ‘ -
. ) T . ) . P . )
Kddenbach, 1971). Since heme is not being. incorporated  ° -

into cytochroﬁes aag or b fln the presénce of CAP, it may
¥
R accumulate in the cells and eventually be removed by turnover

after several hours. Thegonly maln'requlato;y step in the. '
. 4 J

o blosynthe51s of heme involves §-aminolevulinate synthetase

) (Meyer and Schmld, 1973; S%rand et al., 1972) and this stepr -
o, 1s bypassed by the addltlon of &§- amlnolevullnate teo the ~
i .curtures and hence no feedback inhibition 0ecurs. Pa;tlal

; . inhibition of ferrochelatase by ghloéamphenicérgpae;ceed

. ‘reported (Druyan et 51 1973) dnd this may accodht‘for

v rd -

\
"some of the reduced labelling of cells cultured and- labelled

<

in the presence of CAP. The absence of some cellular
) 2 ] - “ - 1
protelns that blnd heme as a prosthetic-group, would

probably account’ for the eventual decrease 1ﬁ proteln bound

heme. ThlS is concluded from the fact that the reductlon lS
p -
opserved in all subcellular fractzon; and is therefore met

-
-

-
-~
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: %}hgl&_fg%qggd~gp a stage of thé\sygthetic,procesénpfiqr';p

-attacﬂﬁent-qf‘prosthétic group‘ﬂb'eifﬁér\mitochondrialii or .

- v

microsomally Iocatgd apoproﬁgi S. . - Ty o \ v

’

It seems éﬁident‘that.mitochondrial protein Synthésisi\

in BHK:21 cells is regulated by events similar~to”thqﬁé of

other'eukaryotesLJ‘Thg fact that CAP produces a fairly
selective.effectngn mitochondrial protein synthesis:without.
disrupting cytoplasmic prbtein synthesis‘even at concentra-

-

tions whlich have been shown to inhibit respiration (Firkin

and Linnane, 1968; Fettes et al., 1972{} makes this cell
. . ~ , - 9 ‘ .
system valuable for the examination of the subtle effects

*
L

of the inhibition of-mitochondrial protein synthesis on
X ‘ B - -
.mitochondrial’lipid metabholism. ) ‘ °

. .
* . Bl
] 1

*
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CHAPTER' 4. - MITOCHONDRIAL PHOSPHOLIPID .- ~. N
b . - - .. .
« ,BIOSYNTHESIS IN CHLORAMPHENICOL-
-~ s L) l .
i . i -' ‘ ! . .
’ TREATED. BHK-21 CELLS - =~~~ L
N ) R " . . 2 . . Lt
- 4.1  INTRODUCTION _ - b :

B K
B r .
. T -

© Studiés on the biosf%thesis of. the mitochond?ialw.

membrane -have involved two approaches - identifipatibh of -

-thehgenetic'systems responsibié for "the ¢bding égd synthesis =

6f mitochondrial polypeptide components (Schatz and Mason, - .

1974;* .Tzagoloff et al., 1973; Mahler, 1973) and studies  °

on the'pfoqesses ipvolQed in the biosYthesis of mitdéhon—'
drial phbspholipids (McMuf;ay d;d Magee,‘l972;. Van Den,
Bosch et al., 1974; Van‘Goide.ggigi., 1974 Howeyer, very
few workers have endéhvoured.t@ relate ‘the:interdependence

of'mitochondrialvpropein‘and'pﬁospholipid syptheéis im

mammalian systems. Two studies have indicated the concurrent

° ¢

synthééisy@f‘cqrdiélipin and proteins -0of the mitochondrial

i to.

'i;ner'membrane_(Hal}maﬁ and Kapkare, 1971; . Liskova et al.’
1974). Other st&dies have shdwn,éimuit;ﬁéoué iabelling of
‘phospholipid an& protein of the endoplasmic retiqulum and
thgi% eventual inedrporation inég fhe'mitobﬁdndrion .
(Schiefer, H,-G., 1969; Beattie, 1969). |

.hIn mammalién'mitbcﬁondria, $>strong physical

association has been demonstrated between phospholipids,

‘particular}{ cardiolipin, and innar membrane ﬁfoteins which

have polypeptide tomponents that Aare syntheg;zed on
8¢




et al 3
. L N / ’
_Awasthi et al., 1971; :Chuang and Crane, 1973; Chuang et al.,

'- . . ) . " "o— . ’
mitoribosomes (Ghuang et al.,. 1970; Awasthi et al., 1970;

‘1953— yu et al.,,I973{ Swanjungfet’al.,-19735-3Lopez— )
Maratalla et al., 1973; Wllschut_and 8cherphof -1974; Yu
et al., 1975). Therefore, It’ ad decided to in%estigate -

- the effects of cnlo}amphenicol} an ihhibitor of-mltochondrial
protein synthesis, on the synthesis of mitochondrial "
phOSphOllpldS in BHK- 21 cells in culture under condltions‘
where gfowth and resplratory enzyme content have been

established to be 1mpa1red.
L
'3

[

4.2 " MATERIALS AN % METHODS

BHK-21 cells were malntalned in splnner culture as

previpusly described. CAP ‘'was added to cultures at 100 ug
o . e DA .~
ml 1 and its effects were routinely checked by cell counting

in a Coulter counter.

© 2 : R

t ' S,

4.2.1'Labellinq of Cells in Cultufe

All labelllng was done by adding 1sotope to cells -
- . ¢
suspended in fresh medium w1th or.- w1thout CAP. [32P} =P, 4
\’:g

(Atomic Energy Canada) was added to cultures at 1 UCerifi

. g
and cells were harvested follow1ng 1ncubat10n dur1né¢~ h&

[ »

" exponential phase of growtho(4-8 X lO ,cells ml 1), wasﬁed

once with phosphate;buffered séllne and once with 0.25 M'

sucrose~0.r mM EDTA. Cells were suspended in sucrose-EDTA,

0

-

and sonlcated if whole ceﬂl homogenates were,;equlred

-




X//.

C

BE

»

A

'40% sulﬁhmrié acid. The areas,were scraped off and

-
A s

Altegnatively, the cells were homogenized with a Willems

ﬁblypron<§> (Brinkman) and suﬁcqllular.fractibhation°wa§

_carried out hy procedures. described for mouse liver.

1

r(McMurray'ahd-Rogens' 1973r. Llplds were extractbd as

prevxousﬁg described (McMurray and Dawsgﬁ 1969) and_ :
4
separated by elther “two- dimensional® (Rouser et al.,-1970)

ok one-dimensional thin layer‘chromatography (Possmayér

et gl.; 1969). Spots were iéen;ified by,autoradiography,

by spraying with 1% iodine in methanol or charring with

digested in 70% perchlorlc ac1d After the silica gel was

«» removed by centrifugation, the Cerenkov radiatioh was

counted (Clausen, 1968) and then phOSphorus was determlned

determined by the method of Lowry .t al. (1951). - :
4 : : L

Incorporation of glycerol into 1ipids waslnérmaiized

using a‘BH/l4C ratlo technlque analogous to the vH/l4C

L 4
leucine labelling descrlﬁed_ln‘Chapter 3."A-contrbl
. ¢ ’ b . . B 4 * N . ‘ N
‘ 14

culture was grown coﬁtaining 0.1 uCi ml—l [2 p]~glycerbl

(133.4 mCl/mole) (New England Nuclear) A second control

‘culture and the various CAP treated cufﬁﬁﬂés were’ grewn

-1 [2— H]-glycerol

14C— and . H-

51multaneously contalnlng 0.1 uC1-m1
(6.4é“Ci mmole-l) (New Eng;aﬁaiNucleaf):t
labelled ééil%ﬁwefe mixed in a ratio of‘E:A v/v,.harveSteé'
anﬁ'fraétionateg as above. Cells were exfracﬁed as before,

o<

except the lower phase was washed three times with

~

‘(Baptlett,‘l959; unser et al., i1970) .. Proteln was -

-

e

.

.
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, - theoretlcal upper phase contarnlng 10. mM glycerol

. ] . v

Follow1ng TLC of the washed extract (Rouser et al ,.1970

’l

B s By PossMayer et al. 1969), spots were v1suallzed by spraylng. a
* with 1% iodime in»methanol scraped off ‘the plates and
‘ . -
‘ .- counted in 0.5 ml water‘and 10 ml Aquasol(:)’(New England

+ Nuclear) - (Webb and Mettr1ck,l972), u51ng a Packard Tri-

Carb<:> Sc1ntlllatlon Speotrophotometer to obtaln a

-’ o

3H/14C ratio, ' Use of‘thls rat;o technlque for determining

the,labelllng‘of phospbolipids has several inherent - &
advantages.. First of all, normalization is not dépendent

on the recovery of low amounts of P in minor lipids such

», . K -

) "as PG and PA. Secondly, the mixing of.two differently
I'abelled cultures before harvesting means, that the ratio

should be malntalned through all subsequent procedures
Tt ’ * -
deSplte any loss of materlal Sllght\varlatlons in cell

-

populatlons from one culture to another - may be corrected

- y . by d1v1d1nq each ratlo by the«oH/ C ratlo of the TCA-

L]

* soluble extract of whole homogenate. . o

- De novo fatty ac1dvsyntheszs and 1ncorporation ihto

phOSphOllpld was ‘determined by labelllng cells W1th

b ' 1 yCi ml -1 {1 14C]~—sod1um acetate (24:1 .mCi mg 1) . ’

(Amersham). ‘Follqwing 1ncubatlon, cells were harvested

»

washéd, fractlonated and extracted as above with the

" exception that theoretlcal upper phase contalnlng 10 mM
- sodium acetate was used to wash the chloroform—methanol « 0, a

"_extract. The extracts were Subjected to TLC (Possmayer

6 < . ’ ‘




extracts of cells, labelled with a‘~ of the various isdtopes

<

rier,)ardlollplnj

utlllzed were. chrbmatogr&phed, cold

) phdsphatldyl glycerol, phosphatldlc acidand /lyso-

phosphatidic acid TSetdary Research, London, Canada) were

.added to the chlorbform-methanol éxtract in order to ', -
\ . ' ‘\\ "

. facilitate identificatlon of the.low amounts of lipid with

iodine spra¥. v

The ability'of.cells to incorporate saturated versus

14C];linoléic

ﬁhsaturated fattf'a?ids %ac'also.examined. (1-
-acid’ (52.8 mCi mmole ) or, [1-1% C]-palmltlc acid (52.0 mCi
‘mmole” )’(New England Nutlear) .were, added to cultures at

cb -
. 0. %/uC1 ml -1 as the albumln complexes. The fatty ac1d

‘albﬁmln compféxes were prepared as followé' The fatty acid

solutlon (hexane) was drled under nltrogen and the fatty

‘ acid tltrated wlth 10 mM KOH and sonrcated in the_sonic .
'bath untilﬂunifornlydsuspended:, Fatty‘acid—fr::éalgahin
'(Slgma) was added in solutlon untll a fatty acid to ;_ .
aLbumln molar concenttatlon ratlo of approx1mately 6 was
achleyed; The complex was sonicated again unt;l ‘the
_solutionSfappeared homogeneoue and tﬁ% domplexes were
added to the cultures. Cells were harvested following
_incubation, washed and~f;actionated ;s above. The lipid
‘extract was washed w1th theoretical upper phase and

chromatographed as for acetate labelled cells.

*

»
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. © 4.2.2 Fatty Acld Content of. gardlollpln from CAP Treated

‘ Cells

Cultureg containing 100 .ug ml_l‘CAP were ,allowed to
grow for 48 hours as before and thgh_allowed to recdver in

ﬁedium without CAP forian aaditiOnal 24 hours. Samples

. ~
' ;>\€btaken‘at 48 hours treatment and after recovery the
cells were harvested and washed and the llplds extracted.
The extracts were chfomatographed'kPossmayer et ali,:l969)'
ahd the<:anhollp1n 1dent1f1ed by spraylng -the edges .of the
”thln layer plates w1th iodine. The cardlollplh band’ was,ﬂ
L . scraped off and the 11p1d was extracted froﬁ the gel With
Lchloroform—uethanol 1:1 kv/v).“ The extracted material was
transmethylated and the methyI.esters extracted,(Car oll
and:Khor, l97i) and analyzed by gas liquid chromatography
in a Hewlett Packard Model 402 w1th hydrOgen flame
C e détector, using a column of lS% EGSS-X on Chromosorb:P-
i (Carrollaand Khor, 1971{. The hethyl.ester posjtiqns were
‘checked usihg a standard migture_of fatty'acld‘methyl
- esters (Serdary,yLohdoh, Canada){ . '{
A A

4.2.3 'ATP. Determination by the LucifErin-Luciferase System ..
- . LT - . . .- _y )
Cells were grown for 48 hour® in,100 ug ml 1 CAP.

- At thls polnt, cultures were Spllt and half allowed to . .
. X -

pontlnue growth in CAP and'{he other half transferned to

'medlum w1thout CAP for an addltlonal 24 hours. At 12 ‘hour §

tlme 1ntervals «Qamples (approx. 107 cells) were remoued

.@arvested, washed once w1th phosphate-buffered ,Salaine and

". s

. . -
) ) - - *
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. . . R®e

once -with 0;2§;M_sdcrose. Pellets were suspended in 1 ml

of 0.1 M Tris-HC1 buffer pHJ7.5,‘sonicat.ﬁ in the sonic
bath~and stored at -20°C. ATP contents were determined
- : . .

u51ng the method of Ebadi et al. ‘(1971) as modified from

the methody of atanley and Wllllams (1969) in a Pagkard
Tr}—Carb,Model 3375 sc1nt111atrpn spectrophotometer with

the cuincidence gate switched off. Results are'expressed

- -

as 10-ll moles ATP per mg proteln determlned by the method

of Lowry et al. (1951). ‘ f

-]

4. ,3‘ RESULTS' “ ‘ E

The effects of growth,bn 100 ug ml -1 CAP on-uptake and

incorporatlon of [32P]1y are shown in- Flgure le. Both the

uptake of {%ZP]—P. as a function of the total cellular P

I
content (Flgure 16A) and the 1ncorporatlon into lipid P

”

‘(Figure 16B) are 1nh1b1ted in cells 1n which CAP is present

durlng tﬁe "48 hdir growth perlod and ‘the 6 hour 1abe111ng

'.perlod. ’If CAP is- removed from the, medlum during 1abe111ng,

cells recover the abllity to’ take up P and 1noorporate it
1nto ‘phospholipid. All cultures showed an 1nit1a1 1 2 hour

lag in'incorporation. This probably represents "the perlod
needed for synthesis. of the -neceéssary P—conta;ping lipid

precursors.“ : : . ‘ ) .

- [32

-

P]*labellmng of~phosph011p1ds in cells grown for

48 hours in CAP and then labeIled for 4 hours in the
- ‘

‘presence or absence of CAP wasgexamlned in more detall.

r

~y

14

o
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. . FIGURE 16 s k «
. . T~ . . 5 «
UPTAKE AND INCORPORATION OF [32::1—1:i BY BHK-21 o

CELLS IN CULTURE

//‘“B,

Cells were grown in t presence and absence of 100
png ml~1 CAP. fog 48 Eours. t this time they were resus-
pended (2 x 10 ) in fresh medium containing 1 uCi
m1-1 [32p]-p; w1th or withou “§AP and samples (5 x 106
cells) were taken over a 6 hour period. Cells were
harvested, washed and suspended-in 0.25 M sucrose-0.1 mM -
EDTA and sonicated. An aliquot was removed for determin- .,
ation of total uptake (A) and the remainder was extracted
with chloroform-methanol 1:1 and the incorporation into
lipid determined (B). o0--0 cells gr®n 48 hours in Alpha,
uptake in Alpha, e--e cells grown 48 hours in Alpha + CAP,
uptake. in Alpha + CAP;  A--A cells grown 48 hours in
Alpha + CAP, uptake in Alpha.

.
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The results are indicated in Table 6. v.Altho'ugh considerable
.. Y | {‘ - < o . ¢, <
fluctuation, of the g§ptal ‘counts -incorporated wa$ observed
° o' ce " -
. from experiment to_experimgnt,xit was found that growth for

48 hours in‘&AP before labeliing resulted in a reduction of

30-50% in the amount of¢[32P]+Pf ipcorporated into cellular

’

<

+ o
piospholipid relative to control cultures. ¢ The presence of
i ¢ - .

CAP during the labelling period of(Eflls grown fn the

"’ N - . N +
presence @r absence of CAP.did not have a consistent effect

o

on the incorporation,of [3.?2P]-Pi and is probably not o

d - i

imgortant.

+

Total cellular phospholipids wgre isolated in order
AN . ’ , o' @
to détermine if theré &as a selective inhibition (Table 7)
. : o Q

Sgveral features are evident. PC, PS’ and SM all showed

-
e
<

reduced 1abelliné (approximately 15;20%) if- CAP waé prééent
éurfng the uptake perigd, regerdless‘oﬁ:the growth condf—c'
tions. PE showed ‘reduced lébelliné if car Waéapresent during
.the initialabrgwth per;oé, while QPé labelliné was reduced
du;ihg any peridd of exposure to;CAP. pThe incérporation
ilnio PG ahd PA showed siight increases if cells were
cultured for 48 houfs i;_CAP.' There were difficulties
however in guantitating these data. : Since the specific 0

o

apt;vities are based on the amount of P present in each

k%pid spot, éhe low and incénsistent recgverieS'of R ffomb .

'PS, PA, 'PI and PG make inﬁerpretation of these resgults
e

difficult. Others have shown theturnayer of PI aﬂﬁoﬁﬁ

to be slow as-compared to other BHK cell lipids, and they

o °
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M!y not be equilibrated, under these conditions (Gallaher

o

and Bloogh, 1975). The turnQver of PA is rapid but not
easily quantitated (Gallaher \and Blough, 1975). To what

extent the observed dacreases are a result of a generalized

o

decrease in labelllng due to a block ‘in precursor formation .

or a result, of spe01flc 1nh1b1t10n ot a partlcular pathway,

-

is uncertaln.- \ i CE

. o
[y

Slnce the site of CAP 1nh1b1t10n of proteln synthe51s
is m1tochondr1al the effect in subcellular fractions wa%

examined in ‘order to determine-if the"reduced_labelling'of

*

. phOSphOllpldS occurs to a greater extent in that organelle.

The reésults are reported in Table 8. “A ‘small reduqtlon in

the 32P labelling of both mitbchondrialrend microsomél

»
»

phospholipids in cells grown 48° hours in CAP was ‘observed,

‘» . . -, - . 3 . ’ ’ 2
+ but this decrease was consistent with a'generallzed reduc-

=}

tion in. the labelling of the whole homogehate. When

. 2 9
.- o

phospholipid extracts of ‘mitochondria were chromatographed
K} §- - ’
insone dimension (Possmayer et al.q-1969), tﬁe results in

Table* 9 were observed. 1In this experiment better separatlon

¥,
s

" of PG and DPG was obtained by us¢ of a one dimensional

system, an@ total recovery of the 32P was obtained. ‘A

[y

"significantﬂdecrease in the amount of. label incorporated

. . . 2, . . < .
into cardiolipin was evident, with smaller decreases in PA -

2 . -

and PG, A concbmitant increase in the labelling of“PC was

=

.alsc observed. Although the 1ncorporat10n into the total

mitochondrial llpld was Yeduced’ by 60%, the dhly pho§§ho—
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.decrease in mltochbndr;al labelllng oﬁ/IS% relatlve to the

greatest  extent relative to the total Yipid extract.  BG *

lipid to show a specific decrease greater than the geheral .=

decrease in iabelling was cardiolipin. Thus there-may:be

?’generalizeo éﬁfect on one or more universal phpsphqlipia

‘precursors, superimposed on which is a sRecific effect on

cardiolipin_involving the polyglycenolphosphatide bio-

» ."*l
synthetlc pathway. )

o

DueFto the fluctuations that resulted from varlable P

’ °

recovery, these experimeénts were repeated utilizing-‘thec

double lébeL:technique with glycerol és the: precursor., With -

this methodﬁ“sample recovery from subceilular“fractionation'

or chromatography is not important i ‘determining the, ratio

of 3H"to 14C. Table 10 gives the results of the labelllng ’

"ﬁ

of cells for a four hour period following 48 hours of growth

in,the-presence or absence of CAP. . In thig case, the decrease
*

in 1ncorporatlon due to the presenoe of CAP is evident in

both mltochondrla énd mlcrOSomes. rThere 1s a spec1f1c

.

homogenate in CAP-treated cells, not seen in the mlcrosomal
)

. ' 5 S .
fraction. .The mitochondrial fraction was chromatographed

. o . . '
to examine the effect upon individual phospholipids [(Table

11). All lipids were reduced in‘thelexEEht of their
lsbelliho. The carQiolip;n labelling qas{reduced to the
o a . » . Y A +

appeared to be increased-in labelliné, althoughUonly to a

A 2 1Y

small extent, %he presence af CAP durlng the labelllng

period seemedvto haye‘}ittle effect. Thus there appears

-2 ’ , -] c
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_to be a general degrease 1n the 1abe111ng of cellular
phosphOinlds 1n ablls.grown in CAP.‘_ln addition, fhe

patkyay,from PG to DPG may be 1nh1b1ted_as seen by the 20%
t Lago . : ‘ ‘

Y

+
decrease in dardio&ipin labelling relative to the totalk(,a

and- the sllghﬁ elevatlon in labelled PG in CAP-treated
cellst The amount of mltochondrlal phosphollpld per mg L

mitochondrial protein remains unchanged on treatment with

CAP and'caraiplipin.&eﬁresents the same proportion of total

mitochondrial lipid P in treated and‘'normal mitochondria -
. ] A “

(Appendix 6) . " | . ) '~

The recovery of cellular lipid synthesis on removal

of CAP was examlned with the double label ‘technique. These

: results\are shown in Flgure 17. The rate of synthesis of
: 1 - - .
cardiolip n rpcreased‘by ﬂS% within 4 hours of re@oval of

CAP from the-cultures and drOpped off thereafter " On .the

other hand, the rrate of total lipid, synthe81s and that of
S
mlcrosomally synthe31zed llpld (1nd1cated by the rate of

PE syn&hés1s) did not reach ‘maximal rates unt1l~8 hours

followkng removal‘of ¢ap. Thus the specific effect on DPG

.

is raplqu overoome on removal of the CAP. The general

- ”

effect that results in reduced labelllng of all:the
‘phosphollplds requlres addltlonal time before the rate of
llpLd;S;nthe81S recovers to control values. .
The 1ncorporat1on-of [ C] acetabe into BHK~ ~-21 llpld
was - uged to ascertain whether fatty acid syntﬁ351s was .

"impaired in CAP-treated cells as has been observed in yeast

(3
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SR FIGURE 17

RECOVERX‘QF LIPID SYNTHESTS FROM TREATMENT WITH CAP

o ~

p -
-
-
l N L]

- Eells were grown for 48 hours in 100 ug ml ~1 cap.
They- w%re then resuspended “in fresh med1um'w1thout CAP‘
and 10’ cells were removed at vgrlous time interva -1
and’ pulsed for 2 hours with [2- H]—glycerbl (1 pCi§ml ) .-
’ Slmultanfgusly, a control.,culture was pu sqd for 2 hours
with_[2=- C]-glycerol {0.¥ uCi ml~ 1). Ten volumes of

the 3H labelled cells were mixed with one volume of
l4c-1abelled cells, and then wdshed and sonicated. The-

lipids were extracted and chromatographed (Ppssmayer et

al., 1969) - The- rate of intorporation inta total 11p1ds
and in idual lipids was determined. Results are€
plotted as average + maxlmum error of individyal cultures.

-o0-" 48 hour growth’ no CAP - control syntheSLS|rate of
total lipid synthesis;* -e- 48 hour growtH in CAP, ’
recovered 24 hours no CAP = recovery rate ofvl id

synthesis; -A- control rate of DPG synthesis; ‘-A-
recovered rate of DPG synthesis; -no- control rate of
PE synthesis; <®- recovered rate of PE synthesis.

+ 'Q' '4 -
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" RATE OF INCORPORATION  INTO PE
(3% pe 73 M TOTAL) o
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(Kovac et al., 1967; Gordon ahd'Stewart,~1§7l;.Gordon.ahd
Stewart, 1972; Janki et al., 1974a; Roge;rS'EE - 1974
Jank} gg gl.; 1975). Results of the éubcéllular'distgibu—c

tion of label ‘at 4 hours where incbrpdration is $till linear

-

are shown in Table 12. Incorporation into homogenates was

reduced by 50% in CAP;treated cells. 'This is similar to the
geﬁerélitéd decrease in gg nous labelling of lipid observed

earlier, In the migrosomal fraction where the bulk of
. ‘ -

-

acylation occurs, the relative-“specific activity.is reduced
indicéting that the éndoplasmic reticulum may be the site of

a block in the incorporation into phospholipid.' No relative

decrease in the mitochondrial 'labelling was observed. Thin
layer chrométography of the mitochondriaf }iéid éxtiijﬁs

yielded the results shown in Table 1%. No selective effect
’ . : . . »

om any phospholipid, including cardiolipin, was $bserved.

Thus the DPG s?ecific effect observed with labelled glycerol ,

’ .

. , ‘ . ‘ '
or Ri as precursors is not related to fatty acid .synthesis,

but rather de noQO;phOSphblipid.synthésis.

Pﬁogpholipid acylationnin CAP-treated cells was the
next biosynthepic event examined. The fatty acid composition
‘of cardiolipin from BHK-21 cells is given in Table 14. ‘Thg

significant feature is that the amounts of saturated fatty

\ .
"acids (16:0 and 18:0) are\reduced on treatment with CAP
. ’ v -

while the leveds of unsaturated fatty acids (18:1 and -18:2)

-

are elSyatea anfl retained even after 24 hoyrs .recovery.

Palmitate and oleate make up the greétest percentage

- . . .
*
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of the cardlollplmfatty ac1& content. This is contrastl;e_d
w1th the high levels of llnoleate usually found in

Cardiolipin from animal cells (White, 19733, and reflects’

3

Calf serum has low levels of polyunsaturated(fatty “acids:

and the comp051tlon of cell membrares reflects this

'S

(Harary‘gt al., 1967). ‘

<
b ]

Cells were labelled with l4C—-palmit@te and 14C3

.linoleate to examine any differeﬁees in the'effects of.CAf
on the incorporatioh'of Satunateé_vérsus‘unsaturated~fatty
acids- h~two°h0ut pufse?was:uSed aSJtheEincorporation is
lirear for. only 3 hours 7Ap§endixo7).- The effects of CAP

.:on the lah%ﬂﬂ%hg of cells and suhcellulat fractions are'

t2

in mitrosdmes of O‘P—tre&ted cells.‘ This woulﬂ indicate.

is probably inhibited. ‘Tbta{ incorperati
into mitochondrial lipid, does not,ﬁzi@ to be inhibitedlm

In the case of liholeate, the labelll g of both microsomal

>

and m1tochondr1al llpld 1s reduced. This may:represént,

lnhlbltlon of- reacylatlon of the bulk lipid, of the two
>

subcelluiar fractlons, or selectlve 1nh1b1t10n of thesde

~novo blosynthetlc routes whlch may 1ncorporéte 11noleate.
-4

Saturated fatty acids are usually 1ntroduced in the de novo

0 ’ <

pathways and polyunsaturated fatty ac1ds via deacylatlon-
€> o

reacylatlon ‘mechanisms (McMurray and Magee, 1972). ~

!

oo

\_ I b X . )
_the-fatty acid cofmposition of the seérum aaded to the medium;

%

shown in Table 15.° Incorporatlon of palmltate is decreased“

-

.
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:The fatty acid labelling ﬁrofiles of the phospholipids

é‘ulsolated from BHK cell mltochondrla are qlVeh 1n Table 16.

It is, ev1dent that the 1ncorporatlon of palmltate into .

©

o -

_“mltochomdrla follows a different proflle than the - 1ncorpora— .

g

tlon of llnoleate. The large ampunt of lable 1§-the PA *
e g [av)

FFA spot was found to b& due to the presence of unlncorporated

e E

<

<

=FFA ‘Thls was ascestalned by chromatography of the extract

u31ﬁg é system for separatlon Gf neutral llplds (Appendlx 8)

©

Thus the ablllty of mltochondrla to lncorporate palmltate)'

2 P
I3

rde novo,lntO“PA is 1mpa1red in CAP+treated\cells.‘ QHG {;‘E

5"

labelled w1th palmltate to a greater/bgasee iﬁ CAP;treated

mltochondrla, elther because of n-rapld turnover of ex1strng

< 3 . =

DPG.er dué to reacylatloncw;th palmltat@._ In the case'gf

-

cells labelled with llnoleate, there 1s a sllght 1ndrease ih
L AL

the labelllng of DPthn mltochondrla relatlve to other phps—

e ° & : &

phollplds frém. CAP trea;ed cells. No - pool ofefree llnoleate

p\,
a%

was observed 1nd1cat1ng that. it may be xncorporated into .
L4 « A

mltochondrlél phosphollglds‘v1a the reacylatlon pathway

I~

(Bard et al., 1972), and. that this pathway is not lmpalred '

- 4 . - 4 ¢ . ’
in CAD»treated cells. * * o, c ; .

k4
o

@

o

A generallzed decrease of de nbvo phOSphOllpld synthe—

315 has been observed in Cells grown 1n CAP.D Slnce seVeral

C

)

a

e

mitochondrial cytthrome"are absent or deficient in CAP-
. ? s . - - N

: . oo ’ ? o ) ¢ 3
gr0wn cells,’it seemed likely(that.this,inhibition was a
. Q < El ¢

result of decreased ATP levels resultlng from 1mpa1red

« o
rd

resplratlon and ox1dat1ve phosphorylatbon. CAP has also
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o

cd

been shown to.inhibit respi;htiou in' cultured animal cells’

(Firkin,  and Linnane, 1968; Fettes
there appeafs to beyro, decrease in

of CAP-treated cells compageg with

absence of CAP (Figure 18)., Sinae

»°

et al., 1972). However,

the ATP concentration
cells’ grewn ¥n the

no ATP can be prdhuced

from oxidative phosphor&latlon in mitochondTiQ lacking cyto~

R+

chr ome c,oxidase and cytochrome b or in mitochondria

i ’ ~ o > » I
inhibited at Site 1 (Firkin and Linnane, 1968;. Fettes §§°

. al., 1972), any ATP produced mu?t be at the level of

substrate phosphorylatiosn.

3
A

© 4.4 . DISCUSSION

. s o

3 &

. (-3 ‘

¢ Growth of cultured anlmal cells un the presence o%

<

100 pg ml -1 CAP results'in the decreased labellihguof

©

cellular lipids, although the greatest reductlon in

o o ¢

labelllng occurs in lipids' of the mlgbchondrla. The

_results of labelling cells with either [>°P]-p,; or' [’H]-

4

glycerol would indIcate that the reduction in counts

('.

1ncorporatéd oceurs at a step very

blosynthetlc routes ¢o<phosyhollp1d. [

1ncorporated into ATP: Glycerol can be 1ncorporated 1nto

=

early 1n the

32 P}~ Pi is flrst ..o

]

lipid via“atclea§t two pathways- = Qcylatlon of elther ’sn
— . © P

91YCerod-3—phosphate or dihydroxyacetone phoéphate'

rd

(Pollock et al., 1975a) . It has been shown that the latter

pathway i utlllzed to a 51gn1f1cant extent 1n glycero-

e

llpld synthesis 1n/BHK 21 cells, (Pollock et al., 1975b)

~
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FIGJ;IRE 18 - <.
o . " o
] ATP CONTENT OF CAP-TREATED BHK CELLS '
[ ° v
BHK-21 cells-were grown jn medium containine .
100 ng ml-1 CAP. Cells were resuspended in fresh ’
. ‘medium containing CAP at 24 hour intervals.c At . B

»* 12 hour intervals 107 cells were removed, harvested,
washed once with phosphate-buffered: -saline, once .
with 0.25 M sucrose .and suspended -in 1 ml 0.1 M : . o
Tris-HCl pH 7.5 and sonicated. ATP was determined ' :
by the luciferin-luciferase gystem (32). o--o 72 . B -
hours - no CAP; .e--e 72 hours - 1op.ug¢m17} CAP. .
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Slnce the level of ATP in CAP -treated BHK-21 cells does not

appear to be reduced it is p0551ble that the block 11es at
the level of glycerol klnase, dlhydroxyacetone klnase

(Jenklns and Hajra, 1976) or other enzymes 1nvolved ‘in the

*

.1nterconver51on of the two precursors. One ‘area which may

- bear examination lies in the interconversionfof glycerol

k phosphate and dlhyd oxyacetone phosphate. The levels of

ATP in CAP- treated celts must be maintained at normal
conceﬂtrathns throqgh'substrate level phosphorylation. If
this process invof\es élycolysis, one end product wod%dee
'NADH. If the level qf NADH is _raised greatly, it is
p0551ble that the equlllbrlum 1nvolv1ng cytoplasmlc glycerol
phosphate dehydrogenase 1s such that dlhydroxyacetone
\phosphate would be produced at a very/ reduced rate. ¢
Slmllafly, since the mitochondrial dlectron transport‘chain
would be reduced, there would be no okidized,flavoprotein-to
act as receptor for the reducing equlvalents produced from
glycerol phosphate by the‘mitochondrial glycerol‘phosphate
dehydrogenase. Thus, the 1ipid biosynthetic pathways which
proceed via d‘hydroxyacetone phOSphate may be slowed down

by the reduced levels of substrate. It is 1nterest1ng to
'hote“that mitochondrial NADH/NAD levels have been shown

to regulate the rate'of B- oxldatlon in 1solated rat 11ver
mitochondria lLumeng et al., 1976).
The'gEneral/decrease in lipid synthesis is also
observed when cells are grown on [13C]—acetate, [14C]—palm1tate

’

fr




1.1

and [}4C]—iinc}eate; 'Thi's would.ccnfirm that the block is

-

in the de novo pathway in the casézof the first two
precursors. Recuction in labelling with liholeate may

eflect reduced de novo synthes;s, but also may be , ; r
indicative of reduced reacylation 9f~gg novo synthesized . |
. . \ .
phospholipid. The fdct tha%:ajl.cellular lipids seem to
. be Synthesfaed to a iower extent in CAP-treatec‘cells
would indicate that the block affects a pathway common to
all llpld classes. _The magnltude of reduction is fairly
consistent for all phospholrp;ds with the exceptlon of ’
:cardlollprn, whrch 1S‘reduced ®0 a greater extent. Incag-
poration cf fatty acid, either'%ddec or synthesfzed from

- acetate, would be ekbected}tc be reduced in cells in which C
‘Athe acylatiou rate of dihyér&xyacetone phosphate is reduced
dhe,tc the shortage of precursor. The reéduction in the ) ‘
relativejamoupts of‘saturated‘fattyvacid determined in
.cardiolipin may reflect the effects of long term growth

under essentlally anaeroblc type condrtlons. Treated cells
may reduce the amount of saturated fatty acid synthesized
gg novo and even attempt to utilize fatty acid asuan,energy'

scurce.' The result may be that the relative amouut of

unsaturated fatty acid is:eletated‘by preferential retention

- .
in an effort to conserve membrane integrity. Mammalian

cells in culture have been shown to retain acyl groups‘from .

.membrane phospholipids (Lynch ft al., 1976).
. S ‘ ’ 1
Besides the genéral reduction in phospholipid
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biosynthesis,.a further decrease in synthesis of cardiolipin

®

is observed. Furthermore, when the acylation of other
lipids appears reducedL»cardiolipin labelling by”both
" palmitate and linoleate is elevated, possibly indicating an

increased turnover of the mitochondria—specific lipid.or

rapid reacylation. Two pools of cardiolip;n,'o%e invoiving ‘
. N ’ : " ¥

cardiolipin reacylﬁted'with linoleate, have been shown to .
AR exist in rat (Bard et él., 1972). The pool,coatainipg j(
linoleyl cardiolipin may be thrning over mote rapidly

‘ (Landriscina ei al., 1976)in mitochondria from CAP—treated
cells. Glycerol or {32P}-P ‘labelllng of cardlollpln

,1nd1catesthat‘de novo syntheSLS 1s blocked to an even |
greater degree than for the, other cellular lipids. ’Since
cardiolipin is so 1nt1matel§ assoc1ated with membrane;
proteips contalnlng mltochondxlally—coded peptides (Chuang
et .al., l970- Lopez-MoratalLa et al., 1973), it is poesible,
that 1nh1b1tlbn of the synthe51s of polypeptlde components
.of these protelns by CAP may -reduce the amount of ‘associated
phosphollpld that can be incorporated into the memﬁ;anea

In.yeast, synthe51s and 1ncorporatlon of inner membrane‘ ' -
components,has been shown to involve formation’ of llpOprOt81n
. . complexes from de novo synthesz.zed polypeptl.es and llplds
' while outer membrane p‘.te1ns, not coded for on mltorlbosomes
are inserted into preex;stlng lipid (Jank1 et al., 1974b). ’ g
Studles w1th yeast have 1nd10qted a relationship between

. restoration of resplratory actrv1ty and phospholipid content i .




on glucose derepre551on (Castelll.et al., 1972). | Aeration
__of anaerobically grOWn yeast in the presencé of chloram—
-phenlcol, permitted phosphelipid levels to'rise normally
in the absence of respiratory adaptation (Kovac et al.,
1967) but only if the unsaturated fatty acids or sterol
were present in the growth medlum (Gordon and Stewa;t, }§72;
Jank1~g£ al, 1974a; Jankl et al 1275; Marzukl et gl.,
1975). Yeaet with little or no respiratofy activity.ae a .
result of glucopse repfeseion"or enaerobic-érowth, have
reduced cardiolipin levels when‘compared to respiratory;b
competent celle (Jakovdﬁc gt al., 1971). On.derepression
oﬁ glucose repressed yeast, cardiolipin‘cooteqt was shoyn
‘to increase ooncurrentiy with respiratory development
“(Gailey ano Le%ter, 1968). The appearance of cytochrome
oxidese in rat liver has been shown to beurelated>t0 the
synthesié of‘cardiolipin~(Hallmao and Kankare, 1971;
Liskova et al., 1974). . It is not fnconceiveble therefore,
that the de noQo synthesis of cafdiolipin and its;incorpora-

¢ . [ . (%

tion into BHK cell mitochondria would be Felated to the \

csynghesis of mitochondrially-coded polypeptides. The
synthesie of cardiolipin on removal of CAP peaks at 4 hours
(Flgure f5), ahead of the other phospholﬁslds and prlor to
the” recovery of. the resplratory enzymes containing mito-
chondrlally-coded components. 'Cardiolipin biosynthesis has

also been shown to be inhibited by:CAP in[regeherating

liver (Cetz, 1975). 1In bacterial syStems,‘inhibitioh of

v ,




- L g A L ' R

" protein synthesis by amino acid ‘starvation or CAP treatment

~

causes inhibition of the synthesis of .cardiolipin and other
\ lipids (Sokawa et al:, 1968; Mindich, 1970; Glenn and
Gould, 1973; Arbogast'and Henderson, 1975). On the other

hand,. CAP does not inhibit lipid synthesis‘ﬁndér conditions

of impaired protein synﬁhesis in either Mygpéiasma laidlawii

o

(Kahane and Razin, 1969) or in the protozoan, Tetrahymena G

[

pyriformis’(Gleasdp and Ooka, 1974) .
.fﬁe'reduced synthesis éf BHK cell phospholipids by

CAP is not related to:any groés inkibition of protein

synthesis or to réductions in the energy coﬁtent of the

célls. Qhe reduction may, be related to cellular levels of

reduced NAD or to control by a mitéchsndrigl geﬁg product

of an-enzymaticlstep in th% éynthesis of sn-glycerol-3-

éhosphate ?r-dih§d;oxyacetpne phosphate. The syn;hesis of °

cardiolipiﬁ.igﬁgdditional}y';ﬁhibited, either as a result 7o

of mandaggry~mitochondfial érétein-syﬁéhesis“for its

incorperation or dud to the fact that‘glycerol phosphate is

involved in several steps of its bios&ﬁthesis (ézangtev et )

al., 1973). sStudies of the biosynthesis of mitochondrial

phsspholipids»in isolated sub—céLlular‘fractions will be-

reported in the next chapter;

’

A . 2
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A CHAPTER 5. . SYNTHESIS OF MITGCHONDRIAL PHOSPHOLIPIDS BY

N SUBCELLULAR FRACTIONS ISOLATED FRQM NORMAL.

AND CHLORAMPHENICOL-TREATED BHK-21 CELLS

5.1, :[1\1’1‘1?@1)(1(:'1"101\1®> . " —

. Experlments descrlbed in the prevlous chapter have

1nd1cated that: BHK-21 cells and in pargféular the mito- = e

chondria of these cells, show reéduced labelling of oS

ppospholipids in culture, when the cells aré grpwn ip .
- ° . chloramphenicol. The reduction in labelling wkth 32P—[Pi], -
o > )
3H--glycerol 14C-acetate; 14C—linolea’te or 14C palmltate

is not restrlcted to any particular class of phospholipid,

-~

but is Observed in all phospholipids of all subcellular
< ol "

_— fractidéns isolated from the cells. Inaaddition, thére

. appears to be a secondary reduction ‘in theg labelling of -

- LS
cardiolipin, a specgfic mitochondrial phospholipid, when

the former two 1sotopes are utlllzed

The inhibition appears to be at the level of de novo .’

phosphollpld synphe51s. Since it has been shown that

cellular ATP levels do not differ sighificantly from
4

control_val?eéhin chloyamphenicol~treated cefls, thé site

of inhibition:p;obably lies in the biosynthesis of one or .
« more universal phospholipid intermediates. In addition,
1 i v .

. the biosynthe$isvofvpolygIYCEEolphosphatideq nRay be

=]

secondarily inhibited. © , | /h\

- o ) ] o ." , L. ) o
it was, therefore, decided to examine the synthesis’ ;

>

of a number of the key iﬁtermeﬂiates of phosphoiipid

11 . : .
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" biosynthdsis in subeellula; fractions isolated from

chloramphenicol—treated cells, in order‘to determine - .
whether or Rot the inhibition resulted from alterations

®in enzymes linvolved in-these pathways. -The subcelluler

localization of the phospholipid—biosynthetic steps has
been extensi&ely reviewed (Van den Bosch et al., 1972;
Thompson, 1973; Van den Bosch, 1974). The folloQing .

reactions yefe examined: }
1, (a)’ Acyl COA + _EfGlycerol 3~ Phosphate >
“} Lysophosphatldlc Acid ' ‘ ‘ -
(b) Acyl-CoA + LYSOphosphet;dic Acid - Phoe—-
‘phatidic Acid - . |
_2. (a)> Acyl—CoA + Dihydfoxyacetone Phosphape’
Acyldihydroxyacetone Phosphate
" (b). Acyldihydroxyacetone Phosphate + NADPH -
" -Lysorphosphatidic Ac1d ¥ NADP 'e

(c) Acyl- CoA + LySOphOSphatldlC Acid -~

Phosphatidic\AcidN

3. Phosphatidilc Acid + CTP - CDP-Diglyceride + PP,
¥ 4., CDP-Diglyceride + Inositol - Phosphétidyl
}ﬂqsitol + oCMP

Diglyceride + CbP~-Choline - Phosphatigx} Choline +
Pt

L
.

CMP

-~ <

. 6. Glycerol + ATP 4‘sn—Glycerol-B—Phosphate 5

7. (a) CDP Dlglycer;de +, sn- Glycerol -3- Phosphate -

»

Phosphatldyl Glycerol Phospnate + CMP

o

T . - +




. , |
e 7. (b) PhospﬁafidylﬁGlycerol Phosphate -
Phdsphat"idyl—Glycerol°-+-Pi

(é)< Phosphatidyl Glycerol + CﬁP-Dig}yceride >

‘Cardiolipin + CMP oo

5.3 MATERIALS AND METHODS ’

BHK-21 cells were cultured for ‘4§ hours in 100 ug

.ml—l CAP as‘previously described in Chaptér 2. They were

harvested (3- 7 X 10-7 cells per cglture), washeﬁ‘once with
phosphate -buffered saline, orce w1€h 0.25 M sucrose-0.1 mnM

.- EDTA, suspended in 1 ml of sucrose-ERTA, and homogenlzed

- o .,

’ ' . ) ’_\ . . .
. "using a Polytrqn\g/,cell disrupter. In experlments in | -~
which a post-microsomal .supernatant frfaction was needed,

the homogenate was centrifuged at 50,000 x g'for 150 min.

to bring down nuclei, mitochondria, d4nd microsomes at one
time. This provided a conéentrated supernatant, undiluted
by washings from Qiher subcellular fragtionsi The pellet

was resuspended in sucrose-EDTA and §qbcellular fractiona-

El

tion was conducted by differential centrifugation,

=]

. B - ‘ '
(McMurray and bawson, 1969):. Fractions were resuspended

if necessary in sﬁcrose-§DTA and assayed for.protein {Lowry
et.al., %1951) or 1lipid phosphorus (Bartlett, 1959).
Séragﬁé-Dawley ;atsf(%09—300 gm) weé% used as a sourqevef'
1iver»mitochondria (McMurray"gﬁd Dawson, 1969).

w

- The acylatlon of sn glycerol 3—phosphate to yield

- lysophosphatldlc a01d and phosphatldic acid was examlned
» . ’ ' - . [

'

-




using the 1n v1tro assay of Monroy et ale (1972) ﬁog both
~m1tochondr1a andﬂmlcrosomes, JE-Glycerol 3= phosphate,‘

L)

dlsodlum sélt. [ C(U)] (128 mCi mmole }) was purchaseﬁ frem’

New England Nuclear.. Palﬁity¥¥CoA, MES,: TES, and glycyl<

- ) LT ’ . ©
glycine were plrchased from Sigma {§t. Louis, Mo.). All"

other chemicals, if not specifically described, were“rea@eqt-

- .
¢

_grade The xeaction was stopped with an equal volume of -

aLondon, Canada) and chromatographed in one-dimension Qn

s

~

6N HC1 and the llplds were extracted”by the method of Dawe

<

l

- and Bremer, (1970) using n- butanol. Allquots were remoVed

L d

and dmled for sc1ntlllatlon countlng in- Aquasol<:> us;ng

o

A

a Packard $c1nt111atlon Speétrophotometerég). “The ‘remainder

o

. of the extract was taken to dryness, mixed w1th stanﬁard

phosphatldlc acld and lysophosphatldlc aold tSerdary%

L)

oxalate 1mpregnated 5111ca gel plates (Possmayer etnal

1969). Spots were identified by spraylng with l% 1od1ne‘

in methanol, scraped off and counted (Webb .and Mettrick, T

- 5
o
-

1972) .

The acylat;on of dlhydroxyacétone phosphate to yleld

2

acyldlhydroxyacetone phosphate and 1ts subsequent reductlon
P

to lySOphosphatldlc agld and\acylatlon to phosphatldlc aoxd

was examlned by the’ method of LaBelle® and Hajra (1972) in '~

14

both mitochondria-and microsomes Dlhydroxyacetone [ c(u)]

(60 mCi- mmole ) was purchased from I.C.N. EQ}LmECeutlcals.

Dlhydroxyacetone hosphate [14C(y)] was prepared using

-

glycerol Kinase (§igma) (Possmayerp 1976). -The réactipn

»

&




o)
o \ .

o ‘:v mixture cgntained 0.2 mmole glyc1ne buffer (pH 8. 5), 7.5 e

N : :: upoles ALTP,c 15 umoles MgCl2, 50 uC1 dlhydroxyacetone ;

° °,C°C , 114CLU11 ahd~8 units glycerol ;inaee in®2.5 ml total Yoluﬁe.c‘
=7 J - ;fter ihcubation‘forié hours at-23°C, {héfreactiQé;w;s‘f ' ib SR

v Y

i Cot S : . Ce
stopped with 2.5 ml 5%F*TCA. Following treatment with 375 .~
. - - R . LT
mg Norit A; the solution was brought to pH 4.5 with*0.1 N . -  ©
[ S ' : B - s

¢ °

KOH. An ion exchange column of Bio-Rad ‘AGl-X2, 200-400

mesh (Calbiochém) was pfepared'by wash}ng 20g of the. resin *.
o X El - ' " .

with Zﬁ NaOH followed by water, SN formic acid and water.

After loadlng the sample, the column was washed with water
): and ‘the dlhydroxyacetone phosphate eluted W1th a llnear ‘

. i B -, -
- ugradlent of 055N formic ac¢id. The peak was identified by :

. "o ' . ‘counting aliquots from each fraction. The tubes containing ' -

labelled DHAP were pooled and lyophilized and the sample > . e

¢ -

solublllzed ‘with water and brought to pH 4.5 w1th 0.1N KOH
It is: stable at this pH if-kept frozen.- The purlty of theﬁ:5* -

- DHAP cduld be checked by paper chromatography in butanone é?l=
. 7, T glacial acetic acid:borate Saturated water 36:4:4 *V/V/v).‘:;H” .

c‘g ‘Carrier DHAP was prépared from the,cycloheiylamihe salt’,
.’ dimethyl ketal (Sigma) as described in the literature

accompanyina'the reagent. , Ve oan ‘

¢ ' The acylation reactlon was stopped u51ng 2. l m1

. , . chloroform—methanol 1:2 (v/v) and the llpld extracted . -
n o )

' (Hajra.~1974). »Allquots were removed for codntlng aﬁd‘;he ..“ : -
"remainder chromatographed as above w1th carrier phbspha-_/“ e

t1d1c acld (Serdary) and palmltyl dlhydroxyacetone,




phosphate {(a generaus gift from Dr. B. W. Agranoff, Ann

\“Arbor,dMichigan).l Spots were scraped'off and counged as

» aboye.

- "

CDP- dlglyceride formatlon was assayed in both

=]

mltochondrka and mlcrosomes as descrlbed by Van Golde et
al. (1974) gsing'dioleyl phosPhatidlc a01d (Serdary Research,
London) and cytldlne 5'-triphosphate, tétrasodium ‘sdlt

o)

[5-3u] (26.2 i mmole 1) (New, Englaf® Nuclear). .G3634a- 'j)

Eationlc detergeat (Atlas*Chemian Industries, érantford,
Onta;id) was added to a final concenfratioq of 65 mg ml~

'-%d'activaﬁe the’enzyée (BishOp‘ahd‘Stiékland,.195652
gamples(;ere'remosed from the incuBation mixfune at 0, 5,919
and 20 mlnutés a d the reaction . ’€Qed;wfthwehlo£;gofm3"

o
-~ & S P .
e .o v .

: methanol 1 1 (v/v)% , :""' ‘ffagéi%ieﬁgof 0.05 uymole

»

NG
<. cold CDP dloleln (Serdary), samples were ~cooled to 0°C and

. o
\ - o

washed with pheoretical upper phased(MdMurray and Dawson,

1969) containirig 0.1 mM CTP and 0.1N HCl (Bishop and

Sfiéklandf 1976). Allquots were. takén to drynessﬂgnd'

.;'Gounted 1n Aquasol(:> . \\{‘

o -

Phosphatldyi 1nositol Eiosynthesis in microsomes was®,

‘assayed aceording tq Var Golde et al. (1974) using CDP-"

~ ¢

dloleln (Serdaxy) and myo anSltOl 2~ H(N) (2. 84 C1 mmole

(New Epglapd Nuclear). Samples were removed from the

™

’incubation mixtureoat 0 2.5 5, le and 20 mlnutes,

extracted with chlorofotm-methanol 1*1 (y/v) and washed

P e .

with theoretical upper phase (McMu:ray and’ Dawsgn, 1969).




o
- . . Kl

containing'lb mM inositol (Sigma), taken to dryness and

counted 1n«AquasolG§' . - ’ g .

+

¢ : :‘, The blosynthe51s of phosphatldyl choline by 1solated

~

‘ mlcrosomes was assayed accordlng to McMurray (1975) except o
that the 1,2~ d;oleln.(Serdary) concentratlon used was elther

0.8 or 4.0 mM (Sribney and Lyman, l973). Following

¢ ¢ - ° incubation, samples:were.extracted, washed and qpunted
A (McMurray, 1975). Cytidine diphosphochbline Imethyl-%4C]
i :J;- (40 mCi mmole ) was purchased from New England Nuclear.

olyglycerolphosphatlde b1osynthe51s was examlned

. Cusin§~a system modified from that descrlbed by Domazet et, ‘ .

. " e -élm (1973%; , Labelling with mitochondria,3mitochondria

A , | plus supernatant or whole homogenate'was determined using
S h CDP;diolein‘(Se%dary) and either §g-glyce£ol—3-phosphate,'
é | 5‘disodium°sglt t14C(U)]:(l30°mCi mmole:l) (New Enéland .

: Nuclear) ‘or* glycer%ﬁf; C(U)] (ld3.4 mCi mmole-l)'(New
Epgland Nuclear) plus.ATP (Slgma). :The reactions were
stopped, by extractlng the safples Yith.chlorOformzmethanol

1°(v/v) and %?shiﬁg the -extracts Qish theoretical upper

-phase.(McMurray aﬁdruawson;'l969) containing 10 mM
glycerol : Llplds were separated on TLC (Possmayer et al.,
1969), the® spots 1dent1f1ed by spraylng thh 1% 1od1ne in’
’methanol, scraped ogf and counted (Webb and Mettrlck 1972)
Phosphatldyl glycerclphosphate hydroly51s was examlned
. ’ u51ng the flrst staqe of the assay system for polyglycerol—

s uphosphatlde blosynthe51s (Domazet et al., 1973) containing

| x
- .




1 )

w

o thﬁphatldyl glygerol phosphate mlnus the exogenous

,'p—ohloromercuribenzoic acid (Sigma) to a ftnél concentra-.
vphosphatidyl glycerclphOSphate to phosphatldyi glyCerol
~has been shpwn to be 1nh1b1ted by sulfhydryl reagents

(Klyasu et al., 1963). Chloroform—methanol extracts of .

"1969) and side. strips ©f. each TLC plate sprayed with, 1%

1od1ne in methanol. Phosphatldyl.glyceroltphosphate was - .
acid. ThlS area was scraped off- and the [ C]-phospha—

. chloroform-methanol-water, 2:1:0.1 (v/v/v). The phosphatase

'1969) and the spot correspondlng to phosphatldyl glycerol

* by CAP-treated mitochondria andlmicrosomes are shown iﬁ

124
14,

CDP-diolein, §E—glycerolﬁ3—phosphate or glycerol. [14C]—

Phosphatidyl glyc¢erol phosphate was pnepared qsing
mitochondria isoiated from Fat liver (McMﬁrnay and Dawson,
1969) and the first.stage of the polyglycetoiphosphatide
sfnthetic'system (Domazet et al., 19}3)1to which was;added

s

tion of 2 42 mM. -The phosphataSe which converts’

oy -

this reaction mlxture were chromatographed \Possmayer et al.

found to chromatograph slightly behind lysophosphatidic

tidyl glycerolphosphate ﬁS uCi mmole” Y eluted with 50 ml

¥

reaction was stopped‘with chloroform—@ethanol 1:1 (v/v) and )

the extracts washed and chromatographed (Possmayer et al.,

s R

() 1
was counted (Webb and Mettrlck 1972).

-

v

5.3  RESULTS

The results of the acylatioen of“gljcerol—B-phosphate

-




<

»

.sn-glycerol-3-phosphate acylation in,mitochondrié or the o

4

Table 17. 1In mitochondrié from CAP-treated cells, thépe
is a 40%’decrease in- the amount of gg—glycerol—3—phoséhate
acyldted to lysophosphatidic aeid and a 60% reduction in

. T . .
that converted to phosphatidic acid. This decrease is not -

o

observed in the microsomal fraction where a slight stimula-’

tion in synéhesis may.exist. The method of preparation of
mitochondria used results in very low microsomals

contamindtion, usudlly less than-5% (McMurray, and Dawson,
- (4 ‘

’

19697. "
‘ Acylatioh of dihydroxyacetone phoSphaté has been
describéd ag the prefeéred biosyntﬁetié rédte’to
phosphatidic acid in BHK-21 cells (Pollock et al., 1975b;

Pollock g&'gl.,nl975)l" This alternate pathway was examined °

P

in order to determine whether the dbbserved decreasevin

reduced 1ébelling with glycerolyin ¢ultured cells was o
related*to ah effect of the less preferred substrate

I

(Table 18).. A reduction of 60% in acyldihydroxyacetong

~

phosphate and 50%‘in\;gosphatidic acid labelling was ’

~

observed in CAP~treated mitbchondria. This reduction is

.

similar to that observed for §§—glycerol—3-pho$phate

acylation. A slight redhction:inlaéylation of DHAP b

CAP-treated microsomes gis evident, but of a m smaller
magnitude than the decrease¢ observed in mitochondria. No
decrease in acyl® DHAP formation by microsomes. is evident.

Phosphatidic acid formation from either gg—glycerol—3;’

éﬁosphate or acyl DHAP proceeds at approximately equivalent

L
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orders of magnitude in mitochondria .or microsomes in wvitro. -’
~

This contrasts markedly with the diféerence in Ehe amoupt,gf
lysophosghatidi& acid accumulated rélative to the amount of ’°
.
acyl DHAP-accumulated; a much greatér amount of the lé;ﬁer
.is converted to phosphatidic agggt On the other hand; much;

more lysophosphatidic acid is present in §g-glycero}—3—
phosphate-labelled fractions than p?osphatidic acid” (Table . -
17). No lysophosphatidic acid could be detected in DHAP-

4 P i
labelled fractions. Although mitochondria synthesized“
more acyl DHAonr inOphosphatidic acid than microsomes,
the conversion fo phOSphatidiC aq}d!was ggeater'in the
latter fraction (Table 18).

CDP—diglyceride biosynthesis by isolated m?tochondria
and microsomes was examined (Table 19). No inhibition of
the enzyme CTP:sn-3-phosphatidic acid cytidylyltransferase
(EC.2.7.7.4li was observed in CAP-treated mitochondria,
while a 3-fold stimulation was evident in the microsomal

<

‘fraction. 'The latter may be due'pp some release Qf.latent

‘activity, although the addition of detergent makes this

unlikely.’ Proliferation of microsomal mgmbranes does not
_seem~£o occur as the level ofﬂNADPH—cytbchrome ¢ reductase
(EC 3.2.3:4); a microsomal marker, does not rise in CAP-. «
treated cells (Chapter 2{. It is-gossible that a selective
increase in CTP-sn-3-phosphatidic ac%d’cytidyiyltransfefase
occurs in an eff;rt_to offset the reduced production of °

phosphatidic acid, in order to maingain necessary levels of

the phospholipids which” are derived from the CDP-diglyceride

o I




>
< . - Al
. .
s ° sjuswtiadxa om3 3O abeiase
Yoy - ;ro . . C— ’ °
999’ , 43 Al\///// ‘ SaWOS0IdTW
40 S ’ LOT . . ' BTIpUOYSO3TU
pa3ea1L-dvd 1oa3uod . Uot3ioe1g Ierniredqns
GAH,GHmuOHQ bur 1 utw sayoud) %uﬂwwuw< oT31pads ,
. * o o . , ’ .n .

. ’ .mvosumz Ut paqradsap se @muomuwxw oxsm_sprdrT ay3
pue ‘sajnuIw @z pue oa ‘G ‘0 3e paacwsa a19m sardues AvNALﬂ..Hm,um Clel o))
UeA) sunjoa TeuTly Tw ¢¢*Q ur urajoad jewosoanTw bw g 0 HMauvcocoouHE
bur ¢1°0 pue ‘osoxons mmaosn m ZT ‘C10BW meOEn 21 <vmwm 9 seray bn g- 22
AaumeE: Wdd m 0T X T°ST) m dLd atouwnt £g°0 ‘H°L HA “T1DOH- s1x3 satou' 0¢ «
‘proe or1pT3eydsoydriarotp m omm JO pP93STSUOD BINIXTW UGTIRQNDWT oYL

L}

. N ST1dD TZ-XHE QAILVAYL-dYD WOHd SAWOSOdOIW AdNY
<HmﬂzomUOBHz Xd FATYADATIOIA-dAD JO SISIHINASOIA

. ( . ,
. a . 6T d1avLl . - .



»

’ ° o
S . o 13-
. ‘ ’ - e ’ (=4 C o B
pathway. s . "
. Che biosynthesis of two phospholipids known to be
’ ' ' L 4
synthesized extramitochondrially was examined. Phospha-

tidyl inositol biosynthesis'is reported in Table 20. A

%timul%tiqn in phosphatidyl inositol biosynthesis . was

observed in microsomes from CAP-treated cells. Afthough_
t

not ég/tne same magnitude as.  the increase in CDP-diglyceride
syntilesis, the trend is the same and does not account “for

"thae decrease in labelling of phesphatidyl ingsitol, that’was

observed in cultured cells labelled with gdycerol, P, or

[

fatty acid ?Chapter 4).°
cDP-cholind:1,2 diglyceride choline phosphotrans-
ferase (EC‘2;7.8.2), a second mierosomal enzyme inveolved

in phospholipid synthesis, was assayed in isolated microsomeg

in the presence of eiogEnous”diolein (Fig. 19). Although

¢
”~ <

: . .
no differénce is observed at the lower diolein concentration, -

= the activity of the enzyme is 'stimulated ih microsomes from

&

CAP-treated cells at the higher concentration, indicative .

of the trend observed for CbP-diglyceride and”phosph%tidyl.

inositol biosyntpesis. Enzyme‘activity is ‘'not linearly

relatéd to protein concentration, a result that has been

4 o
1)

noted previously (McMurray, 1975). e .

o op \

cPolyglycerolphosphaﬂ:ide'biosypthesis from sn-glycerol-
3-phosphate was examined in isolated mitochondria. The-

first stage of the incubation measures the inéorporatibn -
into PGP and PG; addition of divalent cations (Mg *) in

°

»

the second stage promotes the conversion of PG to DPG .

.
»

[ 24 ¢ <

Iz
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> ’ FIGURE 19 .
' PHOSPHATIDYL CHOLINE: BIOSYNTHESIS IN CAP-

. . TREATED BHK—Z} CELLS o’

. The incubation mixture consisted of 18.75
umgles tris-HCl, pH 7:4, 10 umoles MgCly, 5 Mmoles
cybteine-HCY1 pH 7.4 < (fresh), 0,2 umole CDP-choline

methyl-14c] (3.33 x10° DPM umole-l), 50 umoles
sucrose, 20 nmoles EDTA, 0.5 mg Tween 20, either

c

0.4 ympole or 2 umoles, 1,2 diolein and.0.25~0.50 .

mg microsomal-protein in 0.5 ml final volume
(McMurray, '1475). Following a 30 minute incuba-
tion at’ 37°C, the samples.were extracted and
washed as described in-the methods section. 0.4.
“umole 1,2 diolein: o--o, control, e--e, CAP-
treated; 2 umoles 1,2 diolein: A--A, control,
A--4, CAP-treated. - :
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(Domazet et .al., 1973). "The incorporation gof sn-glycerol-
« ’

3-phosphate (Table 21)‘in£Q,CAP—treated mitochondria under

-
»

&
these conditions with -added QDP—diglycé}ide was Qot~reduc¢d

o

‘when compared to controls. “Addition of ATP to the.second. ¥

s

stage of the incubat@on (Domazet et al., 1973) had no
.effect on incorppratibn or distribution of the label and *

' \d . e -
was. omitted from further experiments. , Unlike the results.

v
-

) L
for mitochondria isoclated from ratfliver or guinea pig

- liver (bavidson and Stanacev, 1374), the conversibn of PGP

" to PG seems to be-ra€E'li@£Fipg in BHK-21 mitochondria. °

A

: S '
Thfsistep,is’gZightly stimuiated in mitochdndria ﬁ;o%'éAP—
treated cells (i.e. thefe is les$ accumulation of radio-
aékiv{ty in PGP and more in PG and DPG). ihe‘experiments
were repeéted{tc determine whether the preseace of'CAP in
éither staée of the incubagion in 23559 wéﬁld a%fect the

'regction (Tablev25).' If CAP-was p;eséht dqrfngathe first

stage of thé’ ingubatijon, no~“change or a, slight. - .
~decrease in totari}ncorporation and ‘¢onversion of PGP to

A
-

PG was observed in mitochondria from both control amd =
- - o ° 37 : 2

. CAP-treated cells. During later experiments using rat.
- > . A . a
’

liver mitochondria or-BHK—Zl‘celll}fébchondfia and 5 mM
CoCl, instead of 100 mM MgC}, (Hosteti1ér et al.!, 1975), no
T2 . . P . R —_—

effect of CAP in vitro Gould be ebserved on the conversian
. of PG to DPG (McMurray, 1976). Thus the effect of - CAP, on

DPG formation in‘cells gh cul*ture is probably-pot'rélatedi
oo : . - - ! 3 . - . .
" to direct'inhibition ofyenzymes of the pongly‘cerglphos:-

phatide pathway in mitochondria by CAP itself.
\'../ ) ' - v : K

.
*

¢
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The effects of détergents on the‘indorpo;ation of gg-“

glycef01:3—ph03phate by isoclated mitochondria were examined

(Table 23),.qs the elgyated incorporation'obsefved_in.CAP-

©

treated mitochondria miqht have _been due to a reléease of
latent aqtivity resdltinq*frdm membrane alteratjion. Treat-
ment of mitochondria with either Triton X-100 oY deoxycho®

-

late did hot increase incorporation of sn-glycerol-3-phosrhate

and, in factf/slightly inhibited incorporation by mitochondra
from control cells. Additian of potassium oleate siimulated
L . . »

the total incorporation of labgﬁ into CAP-treated mitochondria

i

" and stimulated by three—.tonfouriféld,/the conversion of PGP'
to PG and then to DPG,;n.boih'control ;nd éAP-treéted )
mftéchondria. The mechaniéﬁ of this étimuiation is not known
andhyas no£ simply due to acy}étion of §2—gl§cerol-3—-
phosphate to-broduce lysophbséhétidic and phoséhatidic=acid.
In’no casé was the conv;rsion of EGP. to PG %n mitochondriel
from céntro} cells elevated to that of mitochondria from
CAP-treated cells. Fur;héfmqre, when labelled PQP-wgé adged7

¢

to mitochondrié from CAP-treated or control cells (Table 24)
. . ; ( 9
no difference could be observed between the phosphatase

aétivity of the treated-or untreated cells. It was.not'

possible to account for the increased hydrolyéis of PGP
' ' . . .
s when the coupled

*in mitochondria from CAP-Lreated cell
qssa&.described in Table 51 wa; used.. '
It is possible that dbmponeyts‘;Pcaiizea in some

other ‘subcellular fracfion argiiﬁvolved'}n bolyélycerol—
phosphatide biosynthes;§’in the chié in ‘culture, although

'S . ‘ ’
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this is not the case with other systems &Kiyasu et g{.,

19637 Davidson and Stanacev, 1974; Hostetler and Van
- o'
den Bosch, 1972). This path®Way was reexamined using the

»

same assay system, except that whole homogenates were

éubstituted for mitochondria (Table 25). Several points
' 2+

-

are evident. First, the dgreater efﬁectiveness of Co
than Mgz+ in the convergion of PG to DPG'(Hostetler et al.,
1975) is confirmed. Secondly, the total incorporation ¢

into polyglycerolphOSphafides is stimulaﬁed over that

-observed with isolated mitochondria (cf. Table 21).

) | Thirdly, the conversi?n of PGP to PG is greatly énhanceﬁ.
. Thus'the pathway from CDP-diglycefide to cardiolipin is
not entirely mitochondrial in BHk—2l celfs. |
The possibility that a soluble factor was invoived‘
.~ in the hydrolysis of PGP to PG was invesfigéteq. A
. ¢

system was reconstituted with mitochondria plus the post-

. . . _
microsomal supernatant fraction from control or CAP-treated

cells or mixturi"éf"both (Table 26Y.' As was the case with
-thJ’ho&ogenate, the bulk of the PGP was converted to PG
.and then to DPG.. In addition, the ‘amount of §g—glyceroi—3— .
” phosphate incorporation is elevated two- toathree—fold.’
The sépefnat;ht hasva dual effect. Ffrst, it enhances the
amount of label inCorpofated, possibly through the rémoval
. 'of an inﬁiﬁiiéry‘end;product, PGP, and, secondly, i£
.activates or contains the phosghatase that converts PGP to
Pq; It is also evident that the source of the supernatant,-
w

either from control orfbAP3Ereated¢cells, has ho éffect on

-
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the incorporation. . It is apparent that the sjnthg§is of .

L .
cardiolipin from sn-glycerol-3-phosphate and CDP-diglycéride

is 96€\impaifed in CAP-treated cells.

. Since sn~glycerol~3-phosphate is an important

precursor for ¢ell phospholipids, either -through its-

3

incorporatiop into.ﬁA and sﬁbsequently CDP—didlyceride, or -

, directly'intd'polyglycerolphosphetides, the“syntﬁesis of sn-
glycerol 3 phosphate was examined using a coupled assay = ¢
system. Glycerol and ATP were added to an in witro system
reconstituted trom BHK-21 mitochandrial and post—mlcrosomal“
supernatant wnicﬂjcontained’the polygkyceroiphosphatide
precursors dedcribed earlier except for sn-glycerol-3-phos-
pkate. The results are shown in Figure 20. 1In the presence
of supernatant fron CAP—treated celis, mitoch?ndria from
either contfoi or CAP-treated cells éhowed afgreater ability

to incorporate glycerol than if the supernatant was derlved

3
©

from control cells.: Mltochondrla from control cells were

able to incorporate 50%.more glycefol into lipid in the -

P

presence of either supernatant. Supernatént was essential

for maximal incorporation and no differences'Eetween control:

» A

and CAP -treated mltochondrla were observed ‘ih its absence.

When the dlstrlbutlon of label among the po;yglycerol-

phOSphatldes was examined as 3 functlon of the amount of

Kl

supernatant (Flg. 21), mitochondria from CAP-treated cells
showed the typically enhanced ability to conveft’PG‘toﬁDPG
that was observed in in vitro experiments utilizing sn-.

gfycerol—3-phosphate as, precursor.
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FIGURE 20 .

INCORPORATION OF GLYCEROL INTO

a

POLYGLYCEROLPHOSPHATIDES JN MITOCHONDRfA FROM

. CAP-TREATED BHK-21 CELLS IN‘THE PRESENCE OF

o 3
]

POST-MICROSOMAL SUPERNATANT . | L.

-

7

e ¢ - “:,

., The incubation. mixture contained 50 umoles tris-
HCl pH 7.4, 5 umoles 2-mercaptoethanol (Efresh), 0.5
gle CDP- dloleln, 0.3, umole glycerol @.4C(U)] (11,1 x
DPM pmole-l),, 50 moles sucrose, 20 mmoles EDTA,
2meoles,ATP 0.1 mg mitochondrial protein and 0.25- -
0.75 mg supernatant protein. Following 1 hour
1ncubatlon, 5 umoles CoCl, was added to a ‘final P
volume of 0,5 ml and the Tncubatign was’ contlnued - ~ ©
for a ﬁurther 2 hour perlod Lipids were extragted - K :
as in Table 21. " £4--A, mitochondria and supernatant. . ‘ -
from comtrol cells; A--&, mitqochondria from-control . . ot
cells, supernatant from CAP- treated cells; o-=-o, C o
mitochondria from CAP- treated cells, ‘supernatant from
control ' 'cells; e--e,. mltochondrla and supernatant :

:from CAP- treated cells‘ -

12
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- . ’
° DISTRIBUTION OF GLYCEROL -{14c(v)] AMONG THE
- POLYGLYCEROLPHOSPHATIDES .IN BHK-21 MIT‘O(ﬂlONDRIe
A Y . - . ’ . - . .
oL O s N
’The lipid extract from Figure 20 waz cthmato-
. graphed (Possmayer et°al., 1975) and .the spots .
-detected with 1% 1od1ne apd counted (Wébb asnd )
Mettrick, 1972).° A - PGP;+ B.- PG; "DPG; o--o0,
control mitochondria and supernatant; e--e, control
mitochondria and CAP-treated supernatant; A--A, CAP-
. treated mitochondria and. control;supernatant- A--A,
‘ CAP-treated mitochondria and supernatant. .
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.-from CDP+choline in 1solated rat ljver or BHK-21 mltochOndrla

et al., 1974; williamson and Morre’, 1976) and phosphatidyl
Bygrave; 1970) from [~7PR] ~P;. Mitochoqdria'from rat.liver'

show no detectable synthesis of phosphatidy% inositol ;V_Z{

. B B A ~
. sphingo¥yelin or phosphatidyl serine-(Van Golde et al.,

’well as phosphatidy} é;ycerol, cardiolipin: In mammalian

5.4 DISCUSSION . . .

Studies with mitochohdria”isolafed from rat 1iver

e —

show that they. possess limited autonomy with respect to the
J

synthe51s of their éwn lipid components: the de novo

genergtion of the majorlty of phosphoglycerldes by the- .

cytldlne pathway is exclu51vely extram;tOchohd ial GMcMurray

and Dawson, 1969). The biosynthesis of phOSph

>

V1 ohollne

»

- v e

1s strlctly a functlon of the 3féree of contamlnatlon by

endoplasmlc retlculum (McMurray, 1974 McMunray, 1975)

*

Similar conclusions can be drawn fOn,the blosynthe51s of

phosphatidyl 1n051tol (McMurray and Dawson, 196976Van Golde

Py

ethanolam;ne JMcMurray.and Dawson, 1969; Wi;liams and
' 32,
. .. R |

.
L

. ) /
1974). -These results differ markedly from those obtained

with isolated yeast mitochondria (Ostrow, 1971; Mangnall and+

Getz,'f97}; Cobon et al., 1974ﬁ,which were able to synthesize
phosphatidyl serine,.phosphatidyl ethénolamine,‘phosphatidyl' .

inositol, and some phosbhatidic dcid and neutral 'lipid eﬁ

., N .

cells, a mechanism exists for the traqsfer of_these phosf
pholipids from their .site of'sfnthesiS'in the endoplasmic f‘ -
reticulum to the newly formed membranes of mitochondria

Wirtz and Zilyersmit, 1970; Butler and Thompson, 1975;
, . .

Stewart-Dehasn‘and McMurray, 1976). This transfer parallef"

-

\

/“(' ' .« i ». ¢

( . : 4 N
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‘the Labellin@ kinetics of mitochondrial soluble préteins

* z

(Beaﬁtie; 1969). The intracelloler‘exchange of phospholipids
has been‘summarfzed in a 'number. of'reeiews (Rawson et al.,
'L972 Dawson, 1973; McMurray; 1973 ertz, 1974) PhOspha-}
trdyl serine that has been transferred to the mltochondrla,

’ N N

\
‘(Butler and Thompson, 1975) 1s 1mmed1ately decarboxylated to

yield mitc chondrial phosphatidyl etbanolam;nef(Dennls and
Kehnedy, 972; Van Golde .et al., 1974) . L.

Mitodhondria haVve been shown to possess the machlnery
for the s nthe51s of phOSphatldlC acrd (Shephard and Hubscher,
1969; McMu ray and Dawson, 1969; Monroy et al 1972) or'at
least lysophosphatidic acid (Qaae, 1972; Dav1dson and Stanacev,
1974) fro sg—olécerol%3-phgsphate;‘,The alteroate pathway

invelving ithe phosphorylation of diglyceride by diglyCerrde{
kinasé .is not -functional in isolate{'mitochondria (McMurray,

7 -, . . Te
1975). A third pathway involving the acylation 'of dihydro- ‘f

xyacetone phosphate is very active in cultured cells (Pollock -

et al., 1975a); BﬁK~2l cells have been shown to utilize this
‘- ’
pathway preferentlally (Pollogk et af’ 1975b; Pollock et

" al., 1976). However, in'the "in 'vitro experiments reported
here where variability of flux into precursor poals w4s
. ' X C e @ Ce
eliminated, no such preference was observed. The enzymes in

" this pathway have~been demonstrated in both mitochondria

~ and microsomes (Labelle and Hajra, 1972). Once produced.

L

E
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phosphatidic acid can be utilized by both. mitoch&hdria -

and microsomes in the synthesis of CDP-diglyceride (Vorbeck: .

-

and Martin,.1970; Van Golde gt_gi., 1974; ‘Bishop and

-

o Strickland, 1976). Mitochondrial CDP—digLyceride'can be
utilized in the biosynthesis of polygfycerolphosphatides

N R N , . ‘. .
in situ (Davidson and Stanacev, 1971;' Hostetler gt.gl.f'

1971; Stanacev et al., 1972).

. R

The biosydthetiéfgathways'of a.number of‘the
phospholiprds and precursors of BHK-21 mitochondria have
been examlned in the presence of chlorampheﬁ&col (Flg. 22). .
Decreased synthe51s of both’ lysophosphatldlc acid and
phOSphatldlC aC1d was observed 1n both pathways (Reactions

: D « 2 and .C) OF C)) in 1sola§ed m1tochondr1a and,

to a lesser extent Ln microsomes.  Since phosphat;dlc acid

represents thg centraL intermediate in_thé biosynthesis of
virtually all the.cellﬁlar éhosPholiprdsﬂ any defect in
itsrs;nthesis should bereflectedih reduced synthesis of
all cellular phospholipids. The observed inhibition 6%
phOSphatldlC aggd SynthESlS in XiEEQ by CAP pretreatment
f BHK . cells would account for the generallzed decrease in
the synthesr§ of celdular phOSphOllpldS by cultured cells,
as measured dsﬁng'fatty acid, glycerol or‘Pi as the radio%
'active‘precursors 1Chapter 4). 1In addition; the reduced
ability of mitdchoﬁdria from CAP-treated cells to utilize

glycerbl in the presence of post-ﬁicrosomal supernatant as

a gnecursor for- polyglycerolphosphatldes (Reaftion (:)) and

probably ‘other phospholipids would also contrlbute to the




. I
»
." - 3 ‘ hd - 3
: . A\ ] - ) ’
» 'o ) . -
‘ - . » ‘
' (; | A | .
’ P
. , © o FIGURE 22
’ ) . L ’ ‘ ‘
: _ . . BIOSYNTHETIC PATHWAYS FOR »
. . MITOCHONPRIAL PHOSPHOBIPIDS
4 . ) SRR
’ Y . ' ) )
i . .
».
4 ‘)’ - )
- - . ‘e
t ‘ j’ ' ‘
* - - ‘ ' Py ’ . >
i ) . 1
A ' r’ . ‘




A

P
~> > ' ‘ /. - |
' 1 . . ‘ .
- < DIHYDROXYACETONE PHOSPHATE - *
' - ~ @ " ACYL-CoA : : : ‘
GLYCEROL SN . -
T @l srp  ACXLDIHYDROXYACETONE PHOSPHATE ~
U : . CNADPH
- GLYGEROL-3- A4cYt-CoA v : -
PHOCSPHNE',—CB—’ LYSOPHOSPHATIDIC ACID ~ PHOSPHATIDYL CHOLINE

~ ' ’ ' @ ACYL~ CoA @ COP-CHOLINE
B Y y Pi . .
.o . PHOSPHATIDIC ACID —<— DIGLYCERIDE -
o @$ cTe
C eop—i versine INGSITOL PHOSPHATIDYL
. CDP-DIGLYCERIDE NOSTOL
T

RAE | D R .

‘ | - PHOSPHATIDYL GLYCEROL>
v ' _ : ) PHOSPHATE - .




]

-

observed. effects of chloramphenicol in culture. - The

cellular concentrations of ATP are not reduced’ in CAP- o
: : . .

treated cefls‘and hence the energy state of the cell should .

not be a factor. ‘
.

Several enzyme activities were shown to be elevated

»

in subcellular fractlons from CAP treated cells. These
1nc1uded CTP~- phosphatldate cytldylyltransferase (Reaction,
{6)) of both mitochondria_and microsomes, phosphatidyl
Jinositol 'biosynthesi‘s. (Reaction ) and ‘c'holine phospho--
transferase (Reaction (:)) of microsomes,oas well as the
three steps in polyglyoerolphosphatlde blosynthe51s 1n

mltochondrla (Reactlons (:), ij and QD ). It is
posslble that in compenSatory response to reduceg\IEVETss\\\ .
of precursor, phosphatldate, these enzymes are .increased in

concentration in the attempt to.maintain the necessary ¥
. \ o * = N 'I

content . of cellular membrane components. ’

4
*

The enzymes that were demonstrated to. have’ reduced' .
activity in z&tgg, namely glycerol klnase, sn- glycerol 3-
phosphate acyl tﬁfnsferaSe, dlhydroxyacetone phosphate acyl
transferase ] possibly lysophosphatldate acyl transferase
are all enttiziy or partially located in-the mitochondria
-(Mongoy gt‘ai.,'1972; LaBelle and Hajra,‘1972 Jenk}ni
and Hajra, 1976)f..There is no e idence for the/trahslation
of any components of”these entyﬁes oh.mitoribosomes: Sincex”
the primary effect of CARwis’the inhibition of mitochondt}al y

protein synthesis, it is possible that CAP may be inhibiting

the translation of one or more components or activators of
N ¢ - . - . .‘ ) ‘




. [ >y N : ‘ .
. ‘ . Sl (o
o m v ) j&t 4

llpid_biosynghetic enzymes. A seond possibility is that =

a mitochondrial gene product is involved in activation of
» . . . ‘ ' ’

the nuclear genome that is respbnsible for coding¢these

enzymes. Thirdly, it is possible that these enzymes are ' o

turning, oyer qépidly in mitochondria that have stopped
- "diyiding and thus have reduced needs for phospholipig®

blosynthe51s , ot . \ . ¢
- ’ - . E .
The activation of the mltochondrlal glyeerol incor-

1

poration.by post -microsomal supernatant from CAP-treated ) ¢
-

cells. may either reflect a release’ of glycerol klnase from

° 7

thetmltochondrla*due~to membrane bredkdown or turndver, org
‘activation of the mitochondrial_ enzyme by a soluble factor ., -~

which is elevated in CAP-treated cells.* Without direct = =

analysis of the levels of the enzyme; it is impossible, to’ : "

v

distinguish between ﬁﬂégé‘p ibilities. The ability of '
4 , N . ' ]

‘supernatant from CAP-treated cells to activate the incor-,

poration of glycerol}to'a greater.extept than that of contrel
. . , '

cell supernatant, may .simply be due to enhahced conversion

&
of PGP to PG.and removal of product inhibition of the .

second ‘enzyme in the coupled assay. &
During culture in chloramghenicolfcontaiding media,
cardiolipin labelling was reduced to greater extent than for

the other cellular or mitochondrial phospholipids. No

» . [ 4

reduction in the biosynthesis of’anyfgglyglcerolphospha—
tides (React‘lons @, ‘ and@) was detected in mito-

condgla #om gé? treated cells Two-bossibilitieé fof

thlS difference mays be con51dered Firsf, the in vitro

*
3 .

*




ad

assay utilized §2-g1ycérol—3—phés;hate'and CDP—diglycerid
‘that were added exogenously, while the
'lipin was observed when celis were 1abelied‘witﬁ'glycero;u
‘or P.. Thus, the-cells in culture must synthesize sn-

glyéerol—3—phosphate (or dihydroxyac

.
' BRI : 15

A v (- :
effect con+rcardio-
L 3 . e

v

~

etone phoéphate) and
i

'CDP—diglyceridquefore attaining the immediate precursors

‘added in vitro. Since both sn-glycerol-3-phosphate and

"CDP-diglyceride (due to reduced phosphatidatef) levels are

probably reduced by CAP, precursors of th% ig vitro

polyglycerolphosphatide assay- that enter the reaction

s€Pplies in at least four enzymatic steps (Reactions ‘ '@@

@b and Q@‘) would be présent in lower amo . No ather

_.phospholipid synthetic reaction’

o
precursors and hence

thése experiments:.is that the assembly of cardiolipin'intq

mitochondrial inner membranes-is dependént on -itsg

as many-of these
. . “a
effect may simply be cumulative.

Gssibility which could not be assessed from

-

M .

association with pélypeptides that are translated on

mitoribosomes and hence would not be synthesizedlin‘fhe

. presence of CAp.

- (4

{

_ FinaIly, the dependence upon the supern
- - .9 P

" for phosphaﬁidylglycérél phosphate phosphatase activity is

-

»

-

-~
1

) ’

?

} ,

L R T P ‘
- - . »
MR AR A P N . A

»

atant fraction

in contrast to the results found with other systems (Kiyasu

et al., 1963; Davigson and Stanacev, 1970; Hostetler and

vVan den Bosch, 1972; Stanacev et al., 1973; Davidson and

Stanacev, *1974). Thi§ finding poses a riumber of questions
' : o / ’ - Tl L
concernthy thé reason for the 'difference with other cell
~_
) - .
’ B - ‘ ‘ ' .

‘ "?-.

N

Gor
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“typés in which mitochondrial PGP phosphatase is autonomous,

and whether this djfference is inherent-in BHK-21 cells or

in all cultured €ells.

is possiblé that this ‘enzyme is

.

invoived‘in tHe régulation of mitochondrial development angd

I .

fund@ion, in relation to the'cqll cycle and/or cell density. X
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. *conversion of an. obligatory intermediate, phosphatidyl

»

CHAPTER 6. PHOSPHA'I:IDYL GLYCEROL PHOSPHATE‘_
PHOSPHATASE IN BHK-21 CELLS: A.

COMPARISON WITH RAT LIVER MITOCHONDRIA
. A

. L e

6.1/ INTRODUCTION | ‘ ' .

Mitochondria have ‘been shown- ta possess the capacity

to cataiyze the synthesis of several phospholipids, such
as ph65phatidic acid, CDP-diglyceride, Rhosphaéidyl >
aycerol and cardiolipin'(for review,'s;é-Qan den‘Boschy{:::7£:~ s .
1974). The biosynthesis of the polyglycerglphosphatideé,° ‘
i.e. phosphatidyl ginerol and cardielipin, from sn-.
écherol-B—phosphate and CDP-diglyceride is a process

intrinsic to, the inner membrane of mitochondria (Kiyasu

et al., 1963; Davidson and“?fgnacev; 1970; Hostetler

and Van den Bosch, 1972; Stanacev Eﬁ.il" 1973; ] !?

Davidson.iﬁd Stanacev, 1974). This pathway involves the

dlycerol phosphate, to phosphatidyl glycerol, b preocess

that has been demonstrated in mitochondria fro; a number

of tissues, such as chicken liver (Kiyasu ég al., 1963), .
sheep brain (Davidson, and Stanacev, 1970), rat liver
(Hgstetler et El" 1971; Hostetler,and Van dén Bosch, -
1972;..StanaceQ et al., 1973; Domazet ggngl., 1973), |
guinea pig heart* (Domazet et al., 1973), rat brain

(Possmayer SE;EL" 1968) , rat‘heérq\(Sténacevfégyél., 1569), 

i

and guinea pig liver (Davidson .and Stanacev, 1871b)Y .

Phosphatidyl glycerol is subsequently converted to




cardiolipin (Hostetler ét al., 1971; Davidson and .

Stanacev, l971a; - Davidson and Stanacev, 1971b; Hostetler

— —

and Vanggen Bosch 1972; Hostetler et al., 1972} Domazet

3

et al., 1973; Hostetler et al., 1975).° =" -

—_— — .o —

{

phosphatides in mitochondria isolated from chloramphenicol-
. . 1 i .
treated BHK-21 cells, it was observed that the

While investigating the biosynthesis of "palyglycerol-

¥

o

dephosphorylation of phosphatidyl gl&cerol pnosphate was

rate“limiting and that .the activity .of the ‘phosphatase was

)

L4 -

very low. Partial characterization of the phosphatase and

its probably soluble nature are described in this Chapter.

:

6.2 MATERIALS AND - METHODS

Spinner adapted BHK 21 cells were maintained in

culture in Alpha-MEM (Flow), gpntaining 5% fetal bovine o-.

o

serum (Flow). Following'cenbrifugation of exponentially

growind cells ,(5-10 x 108 cells), they were washed and . v
' R LUNL

homogenized in 1 ml O%ZSM sucrose~0ﬁlmM EDTA usihg a
Polytron(:) (McMurray, 1975). Male Sprague-Dawley rats :
(100-250g) were'used in the liver experiments. Liver

homogenates- were prepared in-0.25M sucrose-0.lmM EDTA,

_-—

end subcellulgr fractions were isolated as described
préviously (McMurraj ahd Dawson, 1969). éhbcelldlar
fractions from BHK 21 cells were, 51milarly prepared except

that the supernatant fraction Was prepared on the first

°

centrifugation in order to maintain its concentration.

<

The pellet was resuspeqded and the remaining subcellular
s,

‘.

[




~—

- is identical with that of PCMB-treated ratili%er mitochon-

fractions isolated as before (McMurray and Dawson, l9§p).
The assay of polyglycerolphosphatide synthesis and/
) . .
or phosphatidyl glycerol phosphate hydrolysis was based

on the iguvitro system described by Stanacev et al. (1972)

and Domazet et al. (1973), using%gg—glycerol-3—phosphate‘

14C(U)] (130.5 mCi mmole—l) (New England Nuclear) and

[
CDP—dioleiﬁ (Serdary Research, London, Canada). Modifica-
tions of this assay are described in the legends of each

figure or table. Following incubation, the samples were .

"extracted with 8 volumes chloroform-methanol 1:1 (v/v) and .

washed with theoreticql upper phase'as described bg
McMurray and Dawson (1969). Lipids were'chromafographeq
(Péssmayer et al., 1969), loéalized by spraying with 1%
iodine in methanoel, scraped off and counted {(Webb and

Mettrick, 1972). Protein was determined by the method of

' Lowry et al. (1951).

¢ °
<

6.3  RESULTS - T _ :
- Table“27 indicates the, relatiQe distribdtion ofﬂlaﬁél
. N : i .

in mitochondria from BHK-21 cells, and rat liver mitochon-

d&ﬁa:with'orowithBUtvPCMB* In rat br;fn or %}§er, thé
conversion gf-pﬁésphatidyl glycerol phosphate to.

phosphatidyl glycerolnhas been showg)to be sénsit;ye“to s .

suifhydryl inhibitors (Kiyasu et al., 1953; Possmayer.gz

: 4]
al., 1968). The labelling profile of BHK-21 ;itochondria .
. « ' ' a ) 2

? i

dria.’ This would seem to indicate that the activity ‘of
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A ) VA ) , .
the PGP phosphatase in the BHK-21 mitochondria is very low,’

a feature not observed\ln rat llver mltochondrla under

& : .
normal- conditidns. Addltlon of rat liver m’tochondrla to

labelled BHK-21 mitochondria resulted in convers}on‘of PGP

‘. to PG {Appendix 9). o ) - h, . .f
Since the PGP to PG conver51on occurs 1n homogenates
L] ~
‘ L

.of BHK-21 cells (Chapter 5), the effect of the addltlon bf
_‘—‘—-\

v post—mlcrosomal supernatant from- BHK 21 cells or the °

supernatant from sonlcated rat llver mltochondrla on the

labelllng profile in BHK- 21 mltochondrla was examlned

El

(Flg, 23) Examlnatlon of the 1nd1v1dual polyglycerol—h
,phosphatldes reveale‘ that alth0ugh tdtal 1ncorporat1onl:
was stlmulated to a qreater extent by the sonlcated rat
Pllver mltochondrlal supernatant (Appendlx }Q), at optlmal :

concentratlons of- both types of supernatant the production. fg

‘of PG and PO occur at the same relatlve rates._ In‘both
B

'cases, conversicn of PGP to PG .is’ stlmulifed many fold.
. : A partlal characterlzatloh of the. natufe of thls
stimulation as undertaken (Table 28) The Eotal

1ncorporatlon of 1abelled sn- glycerol 3-phosphate was

-

,stlmulated by both BHK~21 post—mlcrosomal superﬂatant and‘

‘e-——\

sonlcated rat llvei m,ltochondrlal Sup,ernatant' as 1s the
- percent of the label converted %5 HG\and IPGJ Dla1y51s

Ras no effect on elther stlmulat;on Wheq an eqU1va1ent
orlglnal valume of elth;r heat - treated supernatant 13 co

-~

utilizedy total 1ncorporat10n is redhced to. close to the

-

- control.values;' It appears that the PGP to’ PG CODVﬁISlOﬂa

. . . . rum
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FIGURE 23 e

*

-

THE" EFFECTS OF BHK-21 POST- MICROSOMEE SUPERNATANT
AND SUPERNATANT RBOM SONICATED RAT LIVER.MI?OCHONDRIA'

ON THE INCORPORATION OF Il?é]-GLYCEROL-3—RHQS§HATE BY
. ‘. N . . . R \\ -, ' A
BHK-21 CELL MITOCHONDRIA "
) - / B A “
Y ' ) ' . ' —.. . » .
* The asi&y mixture was the same as the untreated
system described in Tible 27. To each tube was added
0.1 mg BHK-21 mitochondrial proteln._ Posg-microsomal

supernhatant (7.5 mg’ proteln ml-1l) was added to ope

‘, set of tubes at  the protein concentrations described.

Frozen rat liver .mitochondria were sonicated for 3
minutes with cooling uWsing a microprobe equipped ' »
Branson Sonifier. The sonicate was centrifiged as .

described for the post-niicrosomal supernatant’ for

BHK-21 cells and this&® supernatant (10.0 mg,ml' ) ‘added
to a second set of tubes. Following 1 hour ingubation ..

~at 37°C, 5 ymoles CoCl; was addéd -to a final volufe of

¢0.5 ml and ingubated  for a further 2 hours. Lipids

were extracted as prev1ously described (Table 21). The

lipid extracts were gpromatog phed and the spots, . T -
identified by spraylng with 1% jodine in-methanol, ‘

scraped off and counted.. o—o, VPG; A —48, PG and

fjm— 0 ,. PGPy with BHK=21 post-mi*trosomal supernatant °

added. e——e, DPG; 4 ~— A, PG and 8—@ PGP* with. sonlcated

rat liver mltochondrlal supernatant addedqd. , L

.
0 . .
. . . : »
- L
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by BHK-21 post-microsomal supérnatant is not as heat labile ° *

“as for the rat liver extract, and that the enhancement of
ot \ , .f: H s
Ana total incorporation of label is an effect not related to”’

, conversion of PGP  to 2?’>nd DPG. ' In addition, a-factor in {
the rat liver post-miCrosomal subernatant will stimulate -

cenversion of RGP to PG, with nolenhancement of tdtal ' -
) . . . | !
v |

X - incorporatioh. o C -,
e ) 1
. . " - «& The hydrolysis of ggzzby’post-miCrosomal supernatant
from BHK-Zl cells was, examined using [ C]'PGP 1solated
- b frém rat.liver mltochondrla treated with PCMB as in Table
' . . Qd. These results {Table 29) 1nducatevthat the hydroly51s
.of BGP to PG'by supérnatant is probably due to a sulfhydryl-
containing phosphatase rather thanha'factor which actlvates
) "7 . a mitochondrial phosphatase.: j; . B s ' )
: 6.4 ‘DAIscuusszoN' . : 0 o
. .,. ) . Unllke rat, llver mltochondrla, mltochondrla from
o ' BHK-21 cells are’ not autonomous for the synthesis of | ) v

*
- polyglycerolphosphatides. Instead it appeaIS’that the * .~

e

phosphatase sfvolved in the convers1on of PGP to PG is a-

cytoplaSmlc enzyme that has free access to the

"" o, mltochondrlally sypthe51zed PGP~ and rapldly stlmulates Péé) .
‘ii ~format1 n. *The rate of DPG synthe51s 1s dependent on’ the A
| ‘asynthe51s'of PG from PGP ‘In- addition, a cytOplasmlc

,. B factor stlmulates the totdlpsxﬁ\HeSAS of polyglycerol-

o ) ] » .
phosphatldes ;n BHK =21 cells. }hls lattér factor 15 heat- ’

*

lablle, whlle the phosphatase seems to, be relatlvely stable. “/u

-

N
~

“
. - st
5 - Y L
v PO K 4
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Both these activities can be replaced by adding a heat-

.

labile soluble factor(¥) iso%éted

<

'mitochondria‘

- &

-~

compartmentalization of this bios

v .

-
.

©

from rat liver d

The reason for -this intereéiing difference in

| &

ynthetic pathway is

~-a

uncertain. Whether it is a function of kidney or kidney-

. ¢

\ " derived cells in general or wﬁétber it is an infjjerent

. N ]
propg}ty of cultured gells is unk

s

nqQwn The latter

L) Dk ’

4
%6, °
o

ﬂpossibifity may pfév;de a mechanism for the ‘requlation

- - .-
. '
of mitochondriail function under varying conditieds of cell .
. . - 9 ° N £ P
+culture. ;oo A . .
- s . a\“‘ - .
"y . . -
] M 9
- . . )
L\ . > .1 ”
) . o R - ® . ~
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'CHAPTER 7. SYMMARY.

. -

. b | 4

1. - " Treatment of BHK-21 cells with D—cthrampheuicol

s’

~

results in cessation of'cell growth followihg two doublings -

of cell number. Cell size 1is increased and mitochondria
are enlarged and show progre551ve degeneratlon of cristae .

Wlth time. This is accompahled'by.a loss in mitochondrial
respiratory enzyme activity. The loss of cytochrome c ’

¥

ox®dase activity is rapid, while the declire in succinate-,

cyto chrome ¢ reductase act1v1ty lags by 24 hours. Thesélj

decreases parallel the dlsappearances of cytochromes aa3

-present 1n cytochrome ox1dase afid cytochrome b preSent in’
succ1nate cy chrome c redpctaser - No effects on the
m1tochondr1 1 matrlx enzyma glutamate dehydrogenase, or

on thé endoplagmlc ret1Culum marker, NADPH- cytochrome c’

hreductase, dre observed. The outer mlebchondrlal membrane

.

marker, onoamlne ox1dase, is actlvated, probably due to - |,

.

release of Jatent activity;

u © > . “

Theweffécts of chloramphenico£ are revers@bleﬂmithfn

w»

2,-
? )

the‘e;perimenfgl period examined. Growth .and mitochondrial
structure return to normal w1th1ﬁ 12 to 24 hours of removﬁl
- of the drug. SUCc;nate cytochrome c reductase act1v1ty’1s

.'rapidly regained (w1thrn 12 hours) while cytochrome ¢

4

oxidaseArecovery is slower (within 48 hours). The recqvery
N Y . 'Y

of mitijondrlal resplratory activity seems to be a pre-
e

v

»requisife to normal eellular grpwth

’

reg-




? 4
¥ A - '

3. Proteig synthesis by mitochondrial ribosbmes, asf e
measured by chloramphenicoi—sensitive leucine incorporé—
liion,'constitutes aﬁiery smali percentage of either total
cellular or even total mitochondrial protein synthesis.
Inhibition of bulk cellular p?otein ;ynthssié by the . é
_cytoplasmic'inhibitqr'cycloheximide, reveals a small énd .

highly labile cycloheximide-insensitive component, whose

synthesis is chloramﬁhenicol-sensitiv&. -

3 - R 2
. ‘ e s - [N
® . 8L . ¥ - i ~ M '

R

LR N ~

4. ’ The synthesxs of hemoprotexns, as measuregd by 5 ,\Mp\>

) B [

amlnolevullnlc a01d 1ncorgorat10n,’1s sen51t1ve to

R

prolonged and continuous exposure to chloramphenlcol A&& ’

anticipated, locallzatlon of hemoprotein synthesis is

primarily mitochondrlalﬂ

,,/‘ -

' V- ~ '

Lt ’ ST

~

5. The de novo synthesis-of cellular phospholipid,
o N )

- &
1)

measured byfinorganic phosphate,'glycerol'qy.fatty acid

L]

incérporaﬁion, is inhibited By cellular growth in chlor- ) 1,&\

amphenicol. This effect is, not localized solely in the

mitochondria and is bbserved in phospholipids synthesized ° ¢

in all mqpbrahe fractions., Precursor podls of these

-
.

=yarious compohents (phospﬁete, glycérol and fatEy acid) are ,: +

eievated in chlorémphenicorhtreatéd cells. 'The effgct“dOes'
. . [ . - « ,

" not .appeayr to bé related to theﬂkeliﬁlar energy

ATP levels are normal in treated cells.

- > -




. B Cardiolipin biosynthesis is inhibited to- a greater

. / B ; . .
extent than other cellular phoippolipids as measured by

» ~

glyeerol and inorganic‘phosphate'incorporation. Labelling

.

* of cardiolipin‘with fatty acid reveals that thé acyl .

- groups of cardiolipin may be turning over faster than the

-other mitochondpfeiaphospholipids in treated cells. Long

" term experlments reveal- a selectlve retention of unsatur-
, " L 3

Jated fatty acids in cardlollpln from treated cells.
Cardlollpln synthesis recgyers qu1ckly on removal of the

“drug Thls is followed by a recovery in the bulk lipid
4 L) 3
syhthesis. 2. '
: . 7\) ) . » N

Bl

o

£ . T

: ) 7. The inhio}ﬁion of phospholipid s;hthesis appe%;s to -

}"occ#r‘at two ievels Flrst 1s'the phosphorylatlon of\‘
glycerol*to yleld sn-glycerol 3- phosphate. Second is the-
formatlon of‘:tosphag*ﬁlc acid from either Sn- gjycerol 3~

; phosphate or: d‘pydroxyacetone phosphate by mitochondria

from treated cells o

ad
- o ‘ - ¢

w
-
.

8. The biosynthesis of phosphatidyi choline, phosphatidyl
inositol, CﬁP—d%glyceride; and the polyglycerolphosphatides

. = M + . ¢ - - ’ .
are all stimulated in subcellular fractions “from treated
oL - : ’ o ‘
cells.- . : .

- ) .
7 - / " A :7
- R

9. The compartmentallzatlon JE'polyglycerolphosphatlde

-

@

biosynthesis in BHK-21 cells is different from that -

oy described in’animal tissues in that the phosphatase

‘y A

. , % - " ‘ ) - 4

-

he o4
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. »

respohsible for the conversion of phosphatidyl glycerol

phosphate to phosphatidyl glycerol is located in the

_cytoplasm rather than)thé mitochondria.




CHAPTER 8. CONCLUSIONS »

) . &\
BHK-21 cells and isolated mitochondria have been

~
»

-

shown to behaQé in the same maqsfr as other somatic cells;
when treated with chloramphenicof}NASE‘a relatiqnship
between the synthesis of mitochondrial polypeptide; and
cellular phospholipids has been established. SeVeral
possibilities séem likely and bear future -scruti y. The .
fiést is that a selective inhibition df the sfhtﬁesis ' .

of a small number:of‘polypeptides parallels the inhibi-

"tion and stimulation of a number of 1ipid-synthesizing

enzyme activities, unti] now not implicated in any

relationship with products of the mitochondrial genome.

Elucidation of this relationshig;requirés examination of

‘the specific polypeptides whose synthesis is inhibited by

ch%oramphenicol in BHK-21 cells in order to ascertain
whether or not they correspond to coﬁponéntg, ihhibitdrs,
or activators of the affected phospholipid syn%thiE'
machinery. Alternatively, biosynthesis of mitochondrial
phospholipids may be subject to mitochondrial Qenétic
regulation of nuclear gene expression. It ié possible,

for example, that the_lipid synthesizing enzymes which are

"éffected%by cﬁIBramphenidal, although nuelearly-coded,

are genetically requlated by mitochondrial gene expression.
A second avenue of appreo¢ach has been alluded to ) @

earlier. 1In view of the, appa ently normal levels of ATP




.

. 'in chloramphenicol-treated cells, it may prove. fruitful
© : to ascertaln the natare of this energy productlon
JAlthough Pious et al. . (1972) have shown.no elevation in

SR glycqlytic enzyme levels on chloramphenicol treatment of

human diploid fibroblasts, this may not be the eaée for
- BHK-21 cells. If not produced by oxidative phospherylav

tion, stubsgtate 1eve1'phosphoryletiqn is an obvious .
v .
. _ o P
alfernative as the source of ATP production. The ‘latter.
e

event may involve allosteric regulétion by nuq}eotide

pools, a feature that ha: beeﬁ demonstrated es;being

- reepohsiblé for maintaining bacterial enetgy flux (Sanwal,
19705. Substrateclevel phosphorylation égd ﬁetaﬁqlite'
flow through‘glycolytic or hexose monOphosphate'pathways

must produce large amounts of reduced nucleotides. The

El

question then arlses as to how they are removed; . and if

they are not,‘whqt is the effect of their accumulation ‘on

cellular metabolism? Extension of this hypothesis further

+

raises -the p0551b111ty that the affected llpld synthe5121ng
o

enzymes, both those that are inhibited or those that are
stimulated, may also be allosterically co"rolled by

nucleotide-levels (Possmayex et al., 1973; Possmayer,
o L. ) ‘
* 1974; Sribney etwal., 1976). - -

In Chapter 4 ‘the coupljing between baéteriél protein

» .
o’ "and lipid synthesis ‘was mentioned briefly. This coupllng ;
has been shown to involve the expre551on of the relA gene

and subsequent to it the cellular levels “of the "magic. .

spots", guanosine 5'-diphosphate, 3'-diphosphate (ppGpp)




/’ . : » g
~and .guanosine "Itriphosphate, 3'-diphosplate (pppGpp) and

other'highly phosghorylated nucleotides (for reyie@ see~
cashel, 1975). Recently: a number of these nucleotides _
" have been 1solated from several cultured cell lines, - ' v
including BHK-21 cedls (Rhaese,.1975) and ‘have beené‘ - .
synthe51zed in 1solated rat liver mltochondrla (Horvatn\ o

PRET
'l

et al., 1975). These nucleotldes have been 1mpllcated by

}

i

analogy to bacterlal nuqﬂeotldes, as regulators of -

-
dlfferentlatlon and d‘evé‘?.opment‘i However, they remaln as

RN

. Y, . . .
! regulators W1€hout a known function. 'In bacteria, antl—

biotics such as chloramphenlcol and erythromy01n have been - hA}
shown to cause accumulatlon of Iarge amounts of ppGpp and '

pppGpp due to thelr action on the rlbosome (Rhaese et al.,

. - —
1975), and to 1nh1b1t the;synthe51s of a ndmber of ‘ ‘
phojpﬁollplds 1nclud1ng cardlollpln and phosphatldyl .

glycerol (Tropp et al ooy 1970- Arbogast 4nd Henderson,

-

1975). It 1s interesting to speculate that Uﬂéﬂobserved

effects of chloramphenicol on BHK-21 cellular 1ipid meta-

’ bolism and particularly qardiolipin, are‘berpé medidted . =
via one.or more- of these nucleotldes. Some eGidencé

L} .

supportsé this contenﬁion, Fatty ac1d synth951s in E. coli .is

. .. R .
- controlled by, the relA gene (Nunn»and Cronan, 1976). It

s .
is also 81gn1f1cant tp note, in vrew of thefobserVed -
/ % - .
1nh1b1t10n of sn glycerol-}-phosphate and dlhydroxyacetone a
. phosphate adylation in chloramphenlcol treated BHK-21, # L

mltochondrla, tha't w1th palmltyl CoA (but not palmltnl acyl"

-

carrier proteln) as donor, the acylatlon of sn- glycerol =3
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»ﬂe\f"s
phosphate in E COll is 1nh1b1ted by ppGpp (Merlie and

- szer, 1973, Lueklng and Goldflne. 1975). Stlll more -
1nteres€1ng 'is the flndlng that"ppGpp 1nh1bits the enzyme\\\\ e
sn-glycerol-3-phosphate CMP phosphatldyl transferase which |
produces‘phosphatidyl'glycergl phdsphete in Ef'ggli
XMerlie'end‘Pfaer,’1973).‘ Should this regulgrion alsp be e

y

sufficient evidence .

determineqd in mitochondria, it jay

té choose the endos .pitochondrial evolution

over the plasmi poael (Mahlei and'ﬁéff, 1975). Purifica-. -

tion 6f the enzymes that ara finhibited in CAP-treated cells  *

-

.and examination of. their response to various regulateors,
L " . H s

as well as determination of their absolute cellular ~ -
‘ ] . .
. ' . o ' ' .
,conoentration%, seems a likely investigative approach .in ‘ "

respect to the above hypothesis. T

Finally, the different compartmentar;zétion of the.
v 4
phosphatase "involved in phosphatldyl glycerol phosphate

'hydroly51s 1n BHK 21 cells,_ls worth examlnlng in greater

detail. Before any definitive conclusions about,lis‘

possible involvement in the regulation of mitochondrial '

development can be made, a number of experiments are ) ,J
: 4
. _ N R T .
required. A specific assay for this enzyme id necessary.

This is needed in order to study its subcellular, distribu-

tion in the presence of noq—spec1f1c phosphatase activity..

&

Detalled marker enzyme stuﬁles are\needed to correlate with
its dlstrlbutlon. The ,apparent heat stab111ty of thlS

enzyme may prove valuable 1n 1ts purlflcatlon -If slmllar

4

distributions are evident, for other cultured gells, a study

P . . . . :
V




of the enzyme S act1v1ty in responseotd*cell cycle, - R

densxty, nutr1t10na1 Btatus and metabollte bUlld -up may

prove fruitful iff.elucidating-a p0551b1e‘method of "

, ‘ _ . . )
relating mitochondrial development'td céllular development. . -
- . _ ~

- The potential to expand this study iS‘endless. So

s

'llttle is kqown about the 1nterplay and regulation of .

i
various subcellular components in mitochondrial- blogen951s

in somatic cells. This system may prov1de a useful tool’ .

. -
- .

in expanding tRis knowledge.
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.« . ‘.. APPENDIX 1 ) T
. / - i *
MITOCHONDRIAL MARKER ENZYME ACTIVITIES IN POLYTRON-
- ! L 7 C
- DISRUPTED BHK-21 CELLS .
» .
) .

BN
L]

BHK-21 cells, harvested during exponential growth

~ phase, were washed once with. phosphatg~buffered saline and oy

once with 0.25M sucrose-0.1l mM EDTA. 108 cells Were P
suspended in sucrose-EDTA and disruptéd using a 15 second
burst at a: setting of 3.0 on a Willems Polytron R ., Cells
were fractionated by the standard method of differéential
centrifugation (McMurray and Dawson, 1969). Cytochrome e
oxidase and succinate cytochrome ¢ reductase were assayed
as described in the methods section of Chapter 2, except
that no detergent treatment was utilized. Addition of - ?
detergent stimulated the activity 20-fold« ‘

§

’ -

‘ percent of total agtivitya

Fraction ' cytochrome c L succiﬁate cytochrome
- oxidase . c reductase
Homogenate - 100 7100

Nuclear | | - 5.2 . 4.6
Mitochondrial . ' 89.6. ' 96.6
Microsomal ‘ | 9.3 _' 6.3 '
Supefnatan£ ) 0 0° -

p -
recovered in fractions 104.1 107.5

average of two different cultures
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APPENDIX 4

CYTOCHROME CONCENTRATIONS OF BHK- 21 CELLS RECDVERING

N

4 . !
. . »

- y v

FROM TREATMENT WITH CHLORAMPHENICQL o L :

[
-
»~

» > ' ’ e
Cells were grown in 100 pg ml -1 chloramphenicol as
described in Figure 8, Chapter 2. At 48 hours,- the CAP
was removed and cel were sampled at 72 hours and 96 e
hours and the low temperature cytochrome ‘spectra measured’
as described in Figure 7, ‘Chapter 2. The ifferente 4n
absorbance for each cytochrome was determined as descrlbed N )
by Klietmann et al., (1973). ’ :

- _ . ' ’ - « ' J
Cytochrome aa3 Cytochrome b , '
“ Time P00 nm ~ 630 nm °Ps58 nm ~ %Ps75 nm.
491hours CAP -0.0003' 0.0026- '
48 hours CAP + 24 . R L
hours recovered ~ 0-0004 L, 0.0037 . ,
48 hours CAP + 48 ' . i
hour’s recovered - .. 0.0011 p 0.0042
0.0013 0.0040

¥

Coaﬂgol (no CAP) ~»

1

s
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o APPENDIX 5 ) ‘

. ¢ N
- 7 " - /

EFFECTS‘OF TRITON X-100 ON CTIVITY OBJMONOAMINE

OXIDASE FROM CHLORAMPHENICO -TREATED BHK-21 CELLS(
. : ¥

- o ~

®ells were grown:* for 96 hours in 100, ug ml. ~1 cap as,
pdescrlbed‘!n Figure.5, Chapter 2. At 24 hour intervals,
samples were removed and assayed for enzyme activity and
protein as described imn Figure 6, Chapter 2 ex¢cept that .
cells®were. incubated for 5 minutes with Triton X-100 (0.02%
final concentration) before addition of suybstrate.

-

Time "} | ’Specifiéiactivity (Lnits ger mg préteih)
. . Expt. 1 (no Triton X-100) - Expt. 2 (f Triton X-l?O)
Control CAP-Treated control CAP-Treated
0 hr ~0.012 0.012: 0.029 0.629 .
Z(hr; 0.013  o0.011 @ 0.024 0.026
48 hr 0.010 0.012 . °  0.026 0.031
72 hr . 0.010 0.015 0.020 ° 0.023
96 hre  0.010 . 0.020 m . o0lo24 -
p . . ’ ‘ ) ’ ;. .
- ! ) VQ(
- ) .
" : B \:' &
. w
» Y )




* . APPENDIX 6, ooy

i . .

EﬁFEQTS OF D- CHLORAMPHEHICOL ON THE LIPID PHOSPHORUS

[

CONTENT OF BHK-Zl MITOCHONDRIA

“~

Cells were grown for 48 hours in 100 g m1~L cap as
descrlbed in Figure 5, ‘Chapter 2. At 48 hours, 5 x 107 cells
were harvested, washed once with phosphate- buffered saline,
once with 0.25 M sucrose~0.1 mM EDTA amd-the mitochondriag,
isolated (McMurray and Dawson, 1969). The mitochondrial
pellets were suspended in sucrose-EDTA by sonication as
«described in the Methods section of Chapter -3. Protein
. was determined by the method of lLowry et al.,(1951) and -
phosphorus by the method of Bartlett (1959). Extracts were
chromatographed (Rouser et al., 1970), spots identified
with iodine,sscraped and phosphorus determljéd (Bartlett,
1959). .

Lipid P (percent of total®)
. . <

Phospholipid Control _J CAP-Treated
[ . ' . ,
PC . : 50.7 ’ 45.5

. : - g )
PE S 22.3 . 25.9

PI - - . 10.1 ‘ : 9.0

ps - - _ 7.1 - o 7.3

0.6 °

.

12,8 ug
P/mg
protein

L
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APPENDIX 7 /’/:

. . N
\ - RN .
\

‘

.y

INCORPORATION -OF LINOLEIC AND PALMITIC ACIDS INTO
" ) >, ' '

T . *  CHLORAMPHENICOL TREATED BHK-21 CELLS

‘ B#HK-21 cells were grown in 100 pg ml l.CAP for
48 hours as described in Table 15, Chapter 4 and . .
labelled for 6 hours with either [l4cJ-linoleic acid -
or [1 C]-palmltlc acid as described in the Methods
section of Chapter 4. At wvarious times,_ cells were
, sampled washed as described in Appendlx 6 and then
. a - . extracted.with chloroform-methanol 1:1 (v/v) and the
» total' CPM determined. Phosphorus was determined by
the .Method "60f Bartlett (1959). "A - lindleic acid
B - palmitic acid4 o0-o0 control; e-e CAP-treated.

L4




el-

JY L
< - o

|
S g o
Q ° Ng-ow._g—.i.bﬁ WdO

6r

H

(4

N4

O

R
5-01%|-d 67 Wdd

20#.’
6F

s

A

Y

HOURS OF G




-~ ' f . “wy

APPENDIX 8
DETERMINATION OF EXTENT OF LABELLING op PHdSPHATIDIC
ACID WITH [ C]—PALMITATE IN CAP-TREATED BHK-21 CELL
: MITOCHONDRIA‘

Cells were grown for 48 hours in 100 yg ml -1 . CAP and
labelled with [1-14C]-palmitate as described in Table 15,
Chapter 4. They were then harvested, washed and the llplds

extracted from isolated mitochohdria. Aligquots were .
chromatographed in two dimensions (Rouser et al., 1970),
one dimension (Possmayer et al., 1969) or 1n ohe dimension

on thin layer plates made )w1th 5111ca gel H and developed
with petroleum ether (30°460°C): diethyl ether: acetic acid,
85:15:2 (v/v/v) (P. Shum, Personal Communication).

N e

CPM per 1 ml Aliquotd

Rouser Possmayer . Shum
Spot o Control CAP .Control CAP Control 'CAP
PA 1,220 - 685 - T - -
FFA 6,730 11,100 - - 6,100 12,00%
- PA + FFA - - 6,340 ‘10,300 - <
. [ 3 =

‘ ' o
. S
‘average of two samples

s

- , P T
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o

THE EFFECTS OF BHK-21 POST-MICROSCMAL SUPERNATANT
AND SONICATED RAT LIVER MITOCHONRBRIAL SUPERNATANT.
ON TOTAL SN-GLYCEROL-3-PHOSPHATE INCORPORATION BY
)
&

: BHK-21" MiTQdHONDRIA o
° ‘OD . ’* 10 . [ *
. o ‘ kAl ‘ ;
5 . a LI - “ a
;' . : N ~: . &‘ , -
: . ° i . - : &

. ‘The gncubatlon was done as in Figure 23, Chapter 6.

T Patal lipjid extracts were counted? o--o BHK-21 PoS$t-
Microsomal Supernatant;  e--e Sonhcated Rat Liver Post-
Microsomal Supernatant. ° ‘'
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