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The effect of phosphocreatine on the distribution of
different subunits of translation elongation factor 1
in gently permeabilized human fibroblasts

Boris S. Negrutskii

Institute of Molecular Biology and Geuetics, National Academy of Scicnces of Ukraine

150 Zabelotnogo str., Kyiv, 252143 Ukraine,

Highiy effective permeabilization/ translation systen developed recently ( Negrutskii et al. (1994} Proc. Nat.
Acud. Sci. USA V1, 064—968) was used to study the distribution of FITC-labeled ¢« and § subunits of
transiation elongation factor 1 in human fibroblasts. Somewkat granular fluprescent piciure observed for
the both proteins distribution during active protein synthesis may be indicative of putative protein synithesis
compartments. Exogenous phosphocreatine, an absolufely required agent fo suppor! the protein synthesis
in permeabilized celis, Is shown fo influence the EF-la distribution, while not affecting the EF-14. Muost
of EF-Ia under «low energys condition is found in nucleus. Thus, the possibility of the functional change
in EF-la distribution is demonstrated supporting the idea about transient character of EF-1a involvement

inta sfieavy» EF-1 complex.

Introduction. The protein synthesis is thought 1o be
the most complex and highly organized metabolic
process in mammalian cell. Recently a number of
evidence have been presented supporting the existe-
nce in vivo of structural and functional compart-
mentalization of the translation machinery. The chan-
ncling of aminoacyl-tRNA during protein synthetic
process in vivo }1, 2] and sequestering of celiular
aminoacyl-iRNA [3] are the functional signs of the
comparimentalization. The linc of structural evidence
involves detection of high-molecular aminoacyi-tRNA
synthetases [4, 5} and eclongation factors [6, 7]
complexes, as wcll as the cyloskcletal association of
translation factors |8, ribosomes [, 10}, mRNA
{11} and aminoacyl-tRNA synthetases {12, 131

The various protein synthesis components have
been found recently to be co-localized in granules
inside highly spccialized glial cells [14]. The de-
tergent-exiracted oligodendrocyies were used to visu-
alize protein {aminoacyl-tRNA synihetase and trans-
lation elongation factor EF-lw) and nucleic acid
(rRNA and mRNA) components by immunofluo-
rescence and by fluoresceat in sifn hybridization
correspondingly. Such a co-localization has been in-
terpreted as a potcntial demonstration of the protein
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synthesis compartiments tn cukaryotic cell though the
functional role of such granulcs has nol yet been
verified [14].

In this work we have used somewhat different
experimental approach to look at possible functional
importance of the structural organization of putative
protein synthesis compartments in cell, The fluo-
rescently labeled and functionally active components
of the protein synihetic machinery (namcly @ and &
subunits of trasslation elongation factor EF-1) were
used as markers of supposed comipartments. The
proteins were deposited inio the gently permeabilized
human fibroblasts which were able 1o continue mRNA
transtation with the high efficiency. The cells were
incubalcd under the conditions supporting or exclu-
ding the effective proiein synthesis. Afier fixation the
distribution of labeled EF-I subunits in cell under
both conditions was viewed uvsiag fluorescent micro-
SCOPY.-

Materials and Methods. Maferials. Human EF-
le and EF-16 were kindly provided by J. Krick
(Leiden University).

Buffers. Buffer A: 40 mM Tris-HCi, pH 7.5,
10 mM MgCl,, 160 mM NH.CI, 0.2 mM DTT,
1 mg/m! bovine serum albumin, 25 % glycerol.

Buffer S; 130 mM sucrose, 5O mM potassium
acetate, 50 mM KCi, 20 mM HEPES, pH 7.4.
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Buffer PS: buffer § containing § mM ATP,
13 mM creatine phosphate, 5 mM glucose, 6 mM
magnesium acetate,

Buffer NPS: buffer S containing 5§ mM ATP,
5 mM glucese and 6 mM magnesium acetate.

Buffer FITC: 100 mM carbonaic buffer, pH 8. 3,
S0 mM sodivm chloride, 20 % glycerol.

Buffer PSW: 20 amino acids mixture (10 mM of
cach), 4 mM GTP (neutralized by KOH), 1.2 mg/ml
creatine phosphokinase.

Cell culturing. Primary human fibroblasts VH25
from human foreskin (15—18 passages) were grown
in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10 % fctal calf serum. After
trypsinization they were plated at density of 10—
20 9%, on sterilized glass coverslips in the culture
dishes (3 coverslips per dish). Celis were allowed to
settle overnight and then were cither used for expe-
riment immediately or incubated for five more days in
DMEM containing 0.5 % fetal calf serum to enter G,
phase of cell cycle,

Preparation of FITC-proteins. Fluorescein iso-
thiocyanate (FITC) was dissolved in DMSO at con-
ceatration 1 mg/ml. ¢ or ¢ subunits of EF-1 were
dialyzed against FITC buffer (final concentration
2 mg/ml). 14 u) of dyc were mixed with 140 pl of
protein solution and were incubated two hours at
room temperaiare, Then 2 M NH,Cl (final con-
centration 50 mM) was added i0o quench the reaction
and the proteins were separated from free dye by
microcolumn Sephadex G-25 chromatography. To test
the absence of free FITC in FITC-EF-1 preparations
the portions of G-235-purified FITC-EF-1w and FITC-
EF-10 were subjected to SDS-PAGE. No fluorescence
was found in low-molecular region.

Cell permeabilization. Ali procedures were con-
ducted at 37 °C. Cells grown on coverslips were
washed two times with 2 ml phosphate-buffered saline
and once with 2 mi 8 buffer per dish. 1 mi of saponin
in buffer 8 (final concentration 125 ug/miy was added
o cach dish and cells were incubated 6 min. Then
saponin was aspirated and cells were carefully washed
twice with 2 ml PS or NPS buffer depending on
further incubation. PS buffer was designed to effec-
tively support the protein synthesis in permeabilized
cells [21, while NPS buffer was the same buffer
without creatine phosphate. The latier is shown 1o be
the absolutely required component of the proicin
synihesis mixture and its withholding leads to the
complete siop of the mRNA translation [2].

FITC-protein labeling of the cellis. 16 ml of
FITC-protein (= 0.5 mg/ml} were mixed with 1.2 ul
of PSW buffer, 12 u«l of ovalbumin in PS or NPS
buffer (final conceniration 2 mg/mb and 27.6 ul of
PS or NPS buffer. 40 ul of mixiure were gently
applicd on the coverslip with permeabilized cells. The

incubation was centinued at 37 °C for 7 min unless
indicated otherwise. The coverslips were washed with
PBS and 0.5 mi of 3.8 9% formaldehyde was carefully
applied per coverslip. Cells were left for 15 min at
room temperature. Fixed cell were washed thoroughly
with PBS, and excess of liquid was carefully aspirated
by filter paper. 5 ul 2.3 9% DABCO (1,4-di-aza-
bicyclo-(2,2,2)-octane) anti-bleaching agent were ad-
ded per coverslip. The coverslips were mounted at
object glasses with nail polish. Slides were observed
with a microscope cquipped for fluorescence micro-
scopy. The level of accumulation of FITC-EF-tu in
the nucleus was quantitated as described earlier {15
[ *H JGDP binding test. Incrcased amounts of
EF-le or FITC-EF-ix were incubated in the buffer A
containing 4 uM [H’JGDP (total volume 20 ul) for
5 min at 37 °C. Then samples were pul on ice, diluted
with 100 gl of the ice-cold same buffer without BSA.
EF-le- [H? {GDP complexes were absorbed on nitro-
cellulose filters (pore diameter 0.4 pm) and washed
twice with 200 ul of the samc buffer without glycerol.
Protein synthesis in permeabilized cells. To lesi
ccll protein-synthetic activity in situ the permeabilized
G,-fibroblasts grown on the coverslips were incubated
in miniature Petri dishes (one coverslip per dish) in
75 u1 PS buffer containing 0.4 mM GTP, 30 ug/ml
creatine phosphokinase, 240 M [*'S Jmethionine and
the 19 amino acids mixiure {(methionine omitied), 240
#M of each, at 37 °C. At the end of incubation 1 m{
10 % hot TCA was added fo each dish to stop the
reaction. Then TCA-insoluble suspension was eva-
cuated into glass tubes, boiled 15 min and absorbed
on Whatman GF/C filters. The coverslips were trans-
ferred to plastic scintillation wvials and boiled for
15 min in 0.2 ml of 10 % TCA. Sampies were treated
according {o the procedure for filter or liquid/liguid
radioactivity counting correspondingly. Data for cach
iime point, corrected for zcro point radioactivitly,
represent the summation of the corresponding cover-
slip and filter radioactivities.
Results. Adjustments of the permeabilization-pro-
tein synthesis system. Three main prerequisites 1o
study the functional distribution of fluorescently labe-
led EF-1 in permeabilized cells are: i) the deve-
lopment of very gentle procedure to permeabilize the
cell membrane without perturbing the internal struc-
ture of cell i) high protein synthetic activity of the
permeabilized cell iii) low-level labeling of EF-I
subunits with fluorescent agcent. All three precon-
ditions were shown to be fulfilled in this study.
First, since the gentle pcrmeabilization method
has been developed for CHO cells in suspension [2]
it was necessary to find the condiiions rendering the
human fibroblasts completely permeabile in situ. Wide
range of the saponin cencentration (30—3500 yg/mb
was tested. 125 pg/ml concentration of the detergent
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is determined io make 100 %, cells accessible to
trypan bluec without visible destruction of cell mem-
branes.

Sccond prerequisite to study the functional EF-1
localization in cell was to prove the high protein
synthetic activity of the permeabilized fibroblasts.
Lincar incorporation of [*°S]methionine into hot
TCA-insoluble product for at least 1§ min was
demonstrated (Fig. 1. Thus, the EF-1 localization
study (incubation time 8 min) was performed during
active protein synthesis in cell,

Third, the conditions of FITC-labeling of the
EF-1 subunils were adapted to preserve the factor
aclivity in the protein synthesis. Namely, pH of the
labeling buffer was decreased to 8.2 and incubation
time at room temperature was reduced to 2.5 hours 1o
modify the conventional procedure 115, 16} Since
EF-1x is the most labile protein in the EF-1 complex
and centains much greater amount of lysines per
molecule in comparison with other subusnits of EF-1
the effect of FITC labeling on the EF-la activity was
tested. No marked difference was found in the activity
of FITC-EF-1z and non-labeled EF-1r in PHIGDE
binding {data not shown).

EF-Iu and EF-15 localization in human fibro-
blasts. Since the ATP-regencrating system was shown
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Fig. 1. Kinetics of [SSSjmcthionine incorporation inty hot TCA-
insoluble product in permeabilized human fibrablasts
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to be an absolute requirement for the protein syn-
thesis in permeabilized cells [2] it was of intcrest to
find out whether distribution of different subunits of
EF-1 in permeabilized cells depends on the energy
supply. Fig. 2 demonstrates the FITC-EF-1a distn-
buticon in saponin-permeabilized G -human fibroblasts
in the presence of creatine phosphate (4) or without
it (8). The major portion of EF-ic is observed in the
nucleus in the absence of creatine phosphate (Fig. 2,
B). Fig. 3 demonstrates time-course of the FITC-EF-
la entry into the nucleus of permeabilized cell. Much
less amount of the factor is detected in the nucleus if
ATP-regenerating system functions actively (Fig. 2,
A). Contrary 1o EF-lu, the EF-16 localization in
permeabilized G, buman fibroblasts was not influ-
enced by the presence of creatine phosphate in the
incubation mixture (Fig. 4, A and B). Somewhat
granular distribution throughout the cytoplasm is
found for both proteins being is more evident in the
case of EF-14.

The confrols. To decrease the unspecific absorp-
tion of ihe FITC-labeled EF-i subunits inside per-
meabilized cells ncarly 5-fold cxcess of ovalbumin
over EF-1 was included in the permeabilization me-
divm, Ovalbumin has similar to EF-la molecular
weight (43 kDa) allowing to penetrate the nucleic
membrane. FITC-labeled ovalbumin is found disper-
sed evenly throughout the permeabilized fibroblasts
(|16}, our unpublished observation). It should be
noted that addition up to 6 mg/ml ovalbumin and
atbumin into the incubation mixture had virtually no
effect at the overall picture of FITC-EF-1 subunits
distribution (data not shown). To test the functional
importance of the EF-1 localization observed the
inactivated FITC-labeled protein was used as a con-
trol. The incubation of EF-lz withoul glycerol is
known to cause fast aind warecoverable loss of GDP-
binding activity of the factorr [18 L Therefore, FITC-
EF-1e was inactivated by 6 hours incubation in
glycerol-free buffer (40 mM HEPES, pH 7.5 ai room
temperature. The inaciivation of EF-lu caused the
less retention of the pretein in cell (Fig. 2, C). The
distribution of inaciive FITC-EF-1& in cell incubaied
with the complete energetic mixture was shown to be
strictly nuclear (Fig. 2, (), resembling to some extent
that of active FITC-EF-Ia under the <ow cnergy»
conditions (Fig. 2, B). So, certain specificity of the
encrgy-dependent re-distribution of FITC-EF-la in
human fibroblasts may be suggested.

Discussion. The study of the intracellular loca-
lization of 4 protein may be escorted by the variety of
artifacts. The severe methods of cell permeabilization
used in conventional procedures may lead to the
re~distribntion of proteins into uncharacteristic cel-
luiar compartments {16 ]. Thercfore, one should take
care to avoid as much as possible the destruction of



Fig. 2. The distribution of FITC-EF le in permeabilized human
fibroblasts: 4 — cells were incubaicd in complete protein synthesis
mixture; B --in the same but phosphocreatine mixture; ¢ — dis-
ribution of inactivated FITC-EF-lc in cells siedied in complete
protein synthesis mixiure

the internal strocture of cell during study of the
protein localization. The gentle permeabilization sys-
tem developed by us recently for studying the amino-
acyl-IRNA channeling for protein synthesis in euka-

THE EPFECT OF PHOSPHOCREATINE ON THE DISTRIBUTION

'8
ﬁl \\\.

2 ] / Ny

= / -

= f/ ™

s |/ .
oy —
-E ,'f T e
202w .

R I

: )

= I

[0 .

=2 |

b h

13 1

}\. !
E
™ 4

3
= n
=
=

1) T T T Y Y T
[4] 10 20 Time, min

Fig. 3. Time-course of FITC-EF-fe cenfry into the nuclei of
permeabilized human fibroblasts incubaied in complete protein
synthesis mixture without phospbocreatine. Cells were treated as
described in Materials and Methods, fixed at times indicated, washed
and photographed. The intensivity of fluorescence at differeni
time-points was calculated by scanning densitometry of the nuclei. No
noticeable changes in the intensivity of cytoplasmic fluorescence was
found in the interval between one 1o thirty minutes

ryotic cells [2] suits well to this purpose. On the other
hand, the permeabilized cefl system in which the
protein synthesis persists with the activity indis-
tinguishable from that of intact cells [2] gives a good
oppertunity to study the- location of the protein
synthesis apparatus in situ in the conditions matching
its native surrounding in cell,

The Gy~arrested human fibroblasts were used for
the experiments. The protein synthesis in the quies-
cent cells is slowed down significantly while the
pattern of proteins synthesized are guite simifar to
that in the growing cells [17]. Thus, G, cells may be
taken as a reference point to portray low functional
level of the translation machinery, The protein syn-
thetic process was shown to proceed limearly in
permeabilized G, cells for at least 15 min after
supplementing with the necessary components (Fig.
D.

Somewhat granular EF-1 localization is observed
in permeabitized cells which continuc to svnthesize
proteins (Fig. 2, 4, 4, A). Most of fluerescence is
found throughout the cytoplasm. It is noteworthy that
granular appearance of EF-14 in human fibroblasts
has been demonsirated alse by immunoftuorescent
technique |19 ). These data appear in agrecment with
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g. 4. The distribution of FITC-E¥-14 in permeabilized fibroblasts
complete protein synthesis mixture (A} or in the same mixture
thout phosphocreatine (#)

rcent finding of the large granules containing
RNA, rRNA, EF-le and arginyl-tRNA synthetase
v oligodendrocytes {14 . [t was suggested that these
‘ains represent actual protein sypthesis compart-
ents [14 | Here we showed that the involvement of
te essential compeonent of protein synthesis machi-
ary, EF-iz, in supposed proicin synthesis compart-
ents may depend on the efficiency of translation
-ocess in cells (Fig. 2, A, £). To our knowledge, this
the first demonstration of the cnergy-dependent
»-distribution of the translition elongation factors in
tkaryotic cell. Earlier, it was found that inactivation
* EF-2 itself by diphtheria toxin or inhibition of
Alular protein synthesis by ribosome inhibitor, ricin,
id not change the distribution of EF-2 in human
broblasts [8].

Certain correlation could be found between the
istribution of EF-2 in G, and cycling cells measured
y immunofluorescence [2] and the distribution of
F-1u in permeabilized G, cells under low and high
vel of protein synthesis conditions (Fig. 2) corres-
andingly. 1t cannot be excluded that such a re-
istribution of protein synthesis components may
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reflect some rearrangement of protein synthesis com-
partments under low functional level of the translation
machinery.

Some non-specific fluorescent staining of the
nucleus was observed for any FI1TC-labeled protein
studied which molecular size fitted to the size of the
nuclcar membrane pore (data not shown). FITC-EF-
19 29 kDa) and FITC-ovalbumin (43 kDa) location
in permeabilized cell demaonstrate no creatine phos-
phate dependence while the presence of ATP-rege-
nerating mixture which is of crucial importance for
protein synthesis in permeabilized cells [2] caused
the noticeable exclusion of EF-lc from the nuclcus
(Fig. 2, A, B)y. This fact may bc connected also with
ihe functioning of ATP-depcndent system of nuclear
transport [3].

However, this sysiem is known to implicate
mainly large proteins which cannot pass through the
nuclear membrane passively [15]. The time-depen-
dent and reversible character of the FITC-EF-lu
prescnce in the nucleus of permeabilized cell (Fig. 3)
suggests that the accumulation of Ef-la¢ does not
involve strong intranuclear binding, The nuclear loca-
lization of EF-iwv has been demonstrated indepen-
dently by immunofluorescence and immunoelectron
microscopy [14, 19] and was considered to represent
other than {ranslational functions of EF-l¢. On the
other side, it cannot be excluded that EF-1le¢ plays a
role in transfer of newly synthesized tRNA from
nucteoli 1o translational compartments. Discovered
recently ability of EF-la - GDP 1o interact with
uncharged tRNA [21 | makes such a suggestion even
more likely.

The difference observed in the phosphocreatine
dependence of EF-1a and EF-18 localization seems to
be consistent with the commeonly accepted view on the
EF-1 complex [22]. According to the model, EF-10 is
the part of EF-18y¢ complex associated with cellular
structures while EF-l¢ interacts with the complex
transiently during active prolein synthesis. Consis-
tently, similar distribution of « and Jd subunits of
EF-1 was observed under active protein synthesis
condition while significant re-arrangement of EF-lu
localization was found under the transiational arrest
(Fig. 2). EF-19 localization appeared alike under the
both conditions (Fig. 4).

To substantiate the protein synthesis effect on
EF-1 localization we attempted to modulate the trans-
Iation resiriction by other than the energy depletion
means, namely, by addition of protein synthesis
inhibitor, cycloheximide, 1o the perforated cells.
Unfortunately, the addition of cycloheximide to per-
meabilization mixture was shown to be accompanicd
by noticcable destruction of perforated cells (data not
shown) which impeded correct protein localization
Measurcments,
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The attempt to get a definite answers whether
phosphocreatine cffects EF-la disiribution through
inhibition of protcin synthesis and whai is the main
reason of EF-lu nuclear localization will be a subject
of further investigation.
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nique. The support of short-term FEBS fcllowship
program is appreciated. Partial support of the Minis-~
try of Science and Technology of Ukraine {grant
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B. C. Heepyioruii

Bnaus dwocdoxpeatiny Ha Aokamzallin piaanx cyGoimamiL
daxropa enowrauil Tpadcamiii 1 B Mako nepmcafiinizopanux

dubpobaacrax nopunn

Peziome

Eocorpeantion ¢ abooONMKO HEODXIGHUAM KOMROHEHMOM CyMilul
dnst BIAKOGOO Cummesy vy BeIralmuHHuUX CUCHEMaX Ma Repme-
abiaizosanux xalmunax. JTokasano, we nid enihsox gochoipea-
My IMinocnses aokanizayln a-cyboduruyl pacmopa eaoneanit
MPpareAAUil |y nepmeabini3oeanux KRinuWRax suugly eykapiom. ¥
npucytmnoenti  Qochokpeamuny EF-la mae Quckpemuy R0KG1-
sauilo 6 wumonaaimi, a 3a Goco sidcymsicnno Sinsicme EF-lou
aA0xanizoeans y adpi. Poznodin d-cyboduruyl EF-1 ne swnexume
6id nasenocmi Pochoxpeariuny 8 ckagdi cymivd Oan nepme-
abiaizauit.

B. C. Heepyykwii

Biauauwe Gocdokpeatira Ha PACHIPEIEREHHE DASIIIRIIX
cybbenumi| GukTOPd FICHMALHW TPAHCARUMK | &
nepmeatitnnaonaansix dubpobaaciax vesoneks

Pesiome

Docdoxpeamun abcomoning reobxoduast aa ebecnesenun Beaxodo-
20 CUHMEST 6 GUCKACINGUHBIY CHCNEMAN U 8 REDMEubUAILI0BEHHOLY
Kaemicax, Howdaians, wno Aoxarnzauus EF-lo e nepmeabuauso-
GUANHLIX KACMIKQX GOICHINX JYKAPUOAL JAGUCHIL O NPUCYICHEUR
ocpoxpeanuna 8 cpede. Pacnpedenenue EF-Ta @ yumonauime @
npucymemeun  Gocoxpearmuna nocum  Guexpeminuil  xapaxmep,
moeda kak smom Heaok GOHADYKNBACMICH ADCUMYNECMGENHD &
adpe & omcymemsue ocoxpeamura. Jdoxkauwaagus EF-18 ne
3AGUCH OM hatanst Qocorpeariung @ cumecu (s nepyeatiuie-
3.
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