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1. Peptide-elongation factors were purified from rat liver and human tonsils
and the contents of cholesteryl 14-methylhexadecanoate were determined in
fractions obtained during enzyme purification. The relative contents of this com-
pound in purified enzyme preparations was several times higher than that in the
crude starting material. Elongation factors from human tonsils contained a
significantly larger quantity of the cholesteryl ester than enzyme from rat liver.
2. Transfer enzymes extracted with various organic solvents showed variable
decreased activities in both binding and peptidization assay. The decrease of
enzymic activity was proportional to the amount of cholesteryl 14-methylhexa-
decanoate extracted from a given enzymic preparation. In systems containing
both extracted elongation factors the polyphenylalanine syntheais was limited by
the residual activity of the less active transfer factor. 3. The original enzymic
activity of extracted transferases was fully recovered by the addition of pure
cholesteryl 14-methylhexadecanoate in quantities corresponding to those ex-
tracted. 4. Increase of the relative contents of this cholesteryl ester during enzyme
purification, decrease of the enzymic activity after the extraction and its recovery
by the addition of this compound indicates that the presence of this ester in elonga-
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tion factors is essential for the normal function of these enzymes.

Cholesteryl 14-methylhexadecanoate seems to
play an important role in protein synthesis. This
compound stimulates the incorporation of labelled
amino acids into tRNA of rat liver ¢n vitro (Hradec
& Dolejs, 1968). Purified aminoacyl-tRNA syn-
thetases from mammalian tissues lost all or most of
their activity after extraction with organic solvents
(Hradec & Dusek, 1969). Only about 509, of the
normal charging of tRNA was obtained with
extracted pH b5 enzymes from rat liver (Hradec &
Dusek, 1968b). In both these instances, a complete
reactivation of extracted enzymes could be induced
by the addition of cholesteryl 14-methylhexa-
decanoate into incubation mixtures. These results
indicated that the presence of this ester in the
molecule of aminoacyl-tRNA synthetases is ap-
parently essential for their normal function.
However, in contrast with only partially deactivated
pH5 enzymes no incorporation of labelled amino
acids into ribosomal proteins was found in reaction
mixtures containing extracted cell sap (Hradec &
Dusek, 1968b) although normal incorporation was

again obtained after the addition of cholesteryl
14-methylhexadecanoate. This apparent discre-
pancy indicated that the ester affects not only the
function of aminoacyl-tRNA ligases but also that of
some other soluble enzymes involved in protein
synthesis.

Enzymes participating in protein synthesis that
are present in the soluble fraction of the cell may be
divided into three main groups: those required for
peptide-chain initiation, elongation and termination
(Matthaei et al. 1968). Relatively little is known
about the nature and formation of the initiation
complex in mammalian cells (Rahaminoff &
Arnstein, 1969) or, in particular, about the termina.-
tion processes. However, increasing knowledge has
been gained during the past few years about factors
required for peptide-chain elongation (Hardesty,
Culp & McKeenan, 1969). The formation of
aminoacyl-tRNA is followed by binding of amino-
acyl-tRNA to the acceptor and apparently two
additional decoding sites on the ribosome (Swan
et.al. 1969). Transferase I is engaged in this process
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(Ibuki & Moldave, 1968). Suitable methods were
described for the purification of this binding enzyme
from rabbit reticulocytes (McKeenan & Hardesty,
1969), rat liver (Schneir & Moldave, 1968) and calf
liver (Klink, Kramer, Nour & Peterson, 1967). The
function of this enzyme resembles that of T, and T,
factors from Escherichia coli (Lucas-Lenard &
Lipmann, 1966).

The next steps in peptide-chain elongation are
presented by peptidyl transfer and by translocation
of peptidyl-tRNA from the acceptor to the donor
site of the ribosome. For these steps the peptidyl
transferase of the larger ribosomal subunit (Vasquez,
Battaner, Neth, Heller & Monro, 1969) and trans-
ferase IT (Skogerson & Moldave, 1968) or translocase
(Siler & Moldave, 1969) are required. The latter
enzyme is apparently identical with the G factor
described in E. coli (Nishizuka & Lipmann, 1966).

In the present paper results of experiments are
described in which both transfer factors were
isolated from rat liver and human tonsils. The
activity of purified transferases extracted with
various organic solvents was tested in the binding
and peptidization assay, and results on the reactiva-
tion of these extracted enzymes with cholesteryl
14-methylhexadecanoate are also given. Pre-
liminary results of this work have been presented
(Hradec & Dusek, 1968a).

MATERIALS AND METHODS

Biological materials. Wistar rats of both sexes weighing
150-200g; bred in this laboratory and kept on a standard
diet were used as the source of rat liver tissue. Animals
were starved for 24h before death. Human tonsils were
obtained from cases of tonsillectomy performed for
prophylactic reasons. Only tonsils without signs of acute
or chronic inflammation were selected.

Chemicals. GTP (sodium salt) was purchased from
Koch-Light Laboratories, Colnbrook, Bucks., U.K.
Poly(U) was a product of Calbiochem, Los Angeles, Calif.,
U.S.A. All solvents were redistilled before use. Chole-
steryl (+)-14-methylhexadecanoate was synthesized as
described earlier (Hradec & Dolejs, 1968 ; Hradec & Dusek,
1969).

Radiochemicals. L-[U-*H]Phenylalanine (1000mCi/
mmol) was a product of The Radiochemical Centre,
Amersham, Bucks., U.K.; r-[U-'“C]phenylalanine (118
mCi/mmol) was purchased from the Institute for Re-
search, Production and TUtilization of Radioisotopes,
Prague. The procedure of Moldave (1963) was used for the
preparation of labelled rat liver tRNA and human tonsil
tRNA as well. The final preparation of [*H]phenylalanyl-
tRNA from ratliver contained 5.95 umol of phenylalanine/
mmol of tRNA, that of [!“C]phenylalanyl-tRNA from
human tonsils contained 8.5 umol of phenylalanine/mmol
of tRNA.

Isolation and purification of elongation factors. Elonga-
tion factors from both rat liver and human tonsils were
prepared essentially by the methods of Bermek, Kramer,
Monkemeyer & Matthaei (1970) and Bermek & Matthaei
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(1970a). In this procedure both factors are precipitated
from the postmicrosomal supernatant (fraction II) by
(NH,),80, (35-70% of saturation) (fraction III). From
this enriched fraction individual elongation factors are
separated on a column of Sephadex G-200 (fraction IV).
The binding enzyme is further purified by a passage
through a Sepharose 4B column (fraction V), the trans-
locase is adsorbed on DEAE-cellulose (Whatman DE-50)
and eluted with 200mMm-KCl in standard buffer (250 mm-
sucrose, 50 mM-tris—HCl buffer, pH 7.4, 0.1 mM-EDTA and
7mm-2-mercaptoethanol (fraction V). Both purified
enzymes were dialysed against standard buffer, mixed
with DEAE-cellulose (Whatman DE-50, equilibrated
with standard buffer) and the suspensions were stirred
for about 30 min. Then the DEAE-cellulose was allowed
to settle and the supernatant was decanted. The DEAE-
cellulose paste was carefully washed with the standard
buffer and finally freeze-dried. The freeze-dried pre-
parations of DEAE-cellulose with adsorbed enzymes
could be stored at 0-5°C for several days without appreci-
able losses of activity. Before use, both enzymes were
eluted from DEAE-cellulose with 200 mm-KCl in standard
buffer. For the extraction with organic solvents, freeze-
dried DEAE-cellulose preparations with adsorbed
enzymes were placed in extraction cartridges and ex-
tracted in a Soxhlet apparatus for the time indicated.
Immediately after the extraction, extracted enzymes
were dried in vacuo (0.05mmHg). These dried prepara-
tions were then stored at 0-5°C until used. Enzymes
were extracted from DEAE-cellulose as described above.
Ribosomes from both rat liver and human tonsils were
prepared by the method of Bermek & Matthaei (19700)
and Bermek et al. (1970). The blank value of these
purified ribosomes was very near to the background value.

Incubation procedures. The incubation mixtures for
binding assay contained in a final volume of 0.1 ml: 50 mm-
tris-HCl buffer, pH7.4, 55mM-KC]l, 6 mm-MgCl,, 0.1
mm-GTP, 10 ug of poly(U), 70-90 ug of ribosomes, 32.0 ug
of [*H]phenylalanyl-tRNA from rat liver or 15.8ug of
['4Clphenylalanyl-tRNA from human tonsils and trans-
ferase I as indicated. The reaction mixtures for the
peptidization consisted of 50 mm-tris—~HCI buffer, pH7.4,
11 mm-MgCl,, 55 mm-KCl, 2mM-GTP, 10 mm-2-mercapto-
ethanol, 20 ug of poly(U), 75-85ug of ribosomes, 32.0 ug
of [*H]phenylalanyl-tRNA from rat liver or 15.8ug of
[*4C]phenylalanyl-tRNA from human tonsils and both
transferases as indicated in a total volume of 0.1 ml. Both
reaction mixtures were incubated for 30 min at 37°C. For
the binding assay, reaction mixtures after the incubation
were diluted with ice-cold buffer (20 mm-tris—HC] buffer,
pH7.5, 10mM-MgCl,, 20mM-KCl), and filtered through
nitrocellulose membranes. From reaction mixtures for
polymerization assay, 75ul samples were plated on
Whatman GF/A or GF-83 filters and immediately put
into one of the 25 slots of a Teflon container (Matthaei,
1971) standing in ice-cold 109, (w/v) trichloroacetic
acid. Teflon containers with the samples were then
transferred for washing in this order: 10min, 90°C, §%,
(w/v) trichloroacetic acid; 2x 1min, room temperature,
59, trichloroacetieacid; 2 x 1 min, ethanol-ether(1:1,v/v);
2 x 1 min ether. Filters were dried under an i.r. lamp.

Assay of radioactivity. Dried filters were placed into
scintillation vials containing 2-5ml of the SLT-31
scintillation mixture (TESLA. Pfemy3len, Czechoslo-
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vakia) and the radioactivity was counted in a Packard
Tri-Carb scintillation spectrometer (efficiency for 3*H
25.19%) or in the NZB 315 Liquid-Scintillation Counter
(TESLA, Pfemyslen{, Czechoslovakia) (efficiency for 4C
76%, for 3H 13.49%,).

Chemical determinations. Protein and RNA were deter-
mined by the method of Warburg & Christian (1942). For
the quantitative determination cholesteryl 14-methyl-
hexadecanoate in enzymes and extracts of enzymes the
method of Hradec (1968) was used.

" RESULTS

Cholesteryl 14-methylhexadecanoate contents in
elongation factors. The relative contents of the ester
increased during the purification of both transfer
factors from rat liver. However, no exact correla-
tion was found between the specific activity and
relative cholesteryl 14-methylhexadecanoate con-
tents during the whole course of purification. For
instance, the relative content of cholesteryl
14-methylhexadecanoate in translocase after Sepha-
dex G-200 chromatography was lower than that in
the less purified fraction obtained by ammonium
sulphate precipitation. However, there was a
rough proportionality between increased relative
cholesteryl 14-methylhexadecanoate contents and
the specific activity of both elongation factors at
the ultimate steps of purification. A typical result
with rat liver enzymes is given in Table 1. '

Very similar results were obtained with both
elongation factors from human tonsils. However,
some differences were found indicating that these
two types of starting material are different as far as
the content of cholesteryl 14-methylhexadecanoate
is concerned.

All fractions obtained during the purification of
elongation factors from human tonsils contained
much larger relative quantities of the ester than
corresponding preparations from rat liver. On
their final purification steps, tonsil enzymes had
almost twice as much ester as similar fractions from
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rat liver. Unlike rat liver transfer factors, no
increase of relative ester contents was found in the
ammonium sulphate precipitate of both enzymes
when compared with the postmicrosomal super-
natant although the specific activity increased about
fivefold after this step. Results with human elonga-
tion factors are demonstrated in Table 2.

Activity of extracted binding enzyme. Adsorption
of the purified binding enzymes with subsequent
freeze-drying had apparently no effect on the
activity of such preparations. After elution from
DEAE-cellulose such enzymes had the same
activity as preparations not treated in this way.

As revealed by the binding assay, extracted pre-
parations of transferase I from rat liver showed a
decreased activity when compared with enzymes
freeze-dried only. The different organic solvents
extracted different quantities of cholesteryl 14-
methylhexadecanoate from a given enzyme pre-
paration. Enzymes extracted with different organic
solvents had lower activities than the original
enzyme. Iso-octane extracted the highest quantity
of cholesteryl 14-methylhexadecanoate from freeze-
dried preparations of the binding enzyme (85-959%,
of the total amount present, five different batches).
These enzymes retained very low residual activities.
On the other hand, all other organic solvents used
for the extraction were less active. Ethyl ether
extracted only about 40-609, of the total ester
present in enzyme preparations and the enzyme
activity of these preparations (four batches) was
decreased to about 509, of the original value.
Results obtained with one particular batch of the
binding enzyme extracted with various solvents are
given in Table 3.

Almost all extracted enzyme preparations could
be fully reactivated by the addition of pure chole-
steryl 14-methylhexadecanoate in quantities corre-
sponding to those that had been extracted from a
given enzyme preparation (Table 3).

Table 1. Relative purification and cholesteryl methylhexadecanoate contents of fractions obtained during the
purification of peptide elongation factors from rat liver

Both enzymes were purified by the method of Bermek et al. (1970) and Bermek & Matthaei (1970a). Values
for relative purification are based on results in polymerization assays. Cholesteryl methylhexadecanoate
contents were determined by the method of Hradec (1968) and are given in nmol/mg of protein.

Relative purification

Cholesteryl methylhexadecanoate
contents

A A

.
Transferase I

No. Fraction
II Postmicrosomal supernatant
III 35-70%-satd.-(NH,),S0,
precipitate
v Sephadex G-200 eluate 38
v Sepharose 4B or 108

DEAE-cellulose eluate

[

s

Transferase 1 Transferase I1

0.135
0.635

Transferase 1T

22 1.300
81 4.470

0.525
2.210
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Table 2. Relative purification and cholesteryl methylhezadecanoate contents of fractions obtained during the
purification of peptide elongation factors from human tonsils
Both enzymes were purified by the method of Bermek ef al. (1970) and Bermek & Matthaei (1970a). Values

for the relative purification are based on results of polymerization assays. Cholesteryl methylhexadecanoate
contents were determined by the method of Hradec (1968) and are given in nmol/mg of protein.

Relative purification

Cholesteryl methylhexadecanoate
contents

A

r

Transferase IT Transferase 1 Transferase 11

No. Fraction Transferase I

II Postmicrosomal supernatant 0.492

III 35-70%-satd.-(NH,),S0, 4.8 0.472
precipitate

v Sephadex G-200 eluate 40 25 2.98 1.40

v Sepharose 4B or 115 87 8.00 3.56

DEAE-cellulose eluate

Table 3. Effect of the extraction with various organic solvents on the activity of rat liver transferase I in the
binding assay

Enzymes of the same batch were extracted for 2h with the solvents indicated. Incubation mixtures con-
tained 1.25ug of enzyme fraction V proteins and all other components described for the standard binding
assay. Cholesteryl methyhexadecanoate contents in extracts are expressed as nmol extracted/mg of protein.
Cholesteryl methylhexadecanoate (ester) was added to extracted enzymes in quantities replacing exactly the

amounts removed by the extraction.

Cholesteryl methyl- [*H]Phenylalanine bound (pmol)
hexadecanoate extracted — — A —
Solvent (nmol/mg of protein) Ester extracted Ester replaced
Ethyl ether 2.20 5.7 11.8
Chloroform 3.568 3.9 13.8
Iso-octane 4.26 1.7 11,0
Carbon tetrachloride 3.08 4.6 11.6
Benzene 2.06 5.8 11.3
Control value (unextracted enzyme) — 11.6

Essentially the same results were obtained in the
binding assay with extracted binding enzymes
isolated from human tonsils.

Similarly in peptidization experiments in which
extracted binding enzymes were used together with
non-extracted translocases, variable decreases of
the enzymic activity were found with enzymes
extracted with different organic solvents. Enzyme
preparations could be again fully reactivated by the
addition of cholesteryl 14-methylhexadecanoate in
quantities corresponding to those extracted. Higher
or lower amounts of this compound were less effec-
tive. Moreover, a direct proportionality was found
between the quantity of cholesteryl 14-methyl-
hexadecanoate extracted from a given enzyme pre-
paration and the decrease of its activity (Fig. 1).
Saturating quantities of extracted binding enzymes
in the peptidization assay were considerably higher
than those of non-extracted preparations (Fig. 2).

Results obtained with extracted human trans-
ferase I preparations in the peptidization assay
were very similar to those described with the bind-

ing assay. Different organic solvents caused various
decreases of the enzymic activity and a complete
reactivation could be obtained after replacement of
the quantities of cholesteryl 14-methylhexadecano-
ate extracted (Table 4).

Activity of extracted translocases. Unlike the bind-
ing enzyme, translocase was apparently severely
damaged by both the adsorption on DEAE-
cellulose and the subsequent freeze-drying. Pre-
parations of translocase treated in this way showed
on the average only about 40-509, of the activity
of the same preparations not subjected to DEAE-
cellulose treatment and freeze-drying. Moreover,
sucrose had apparently a protective effect on
translocase activity. Preparations of translocase
treated with DEAE-cellulose in standard buffer
without sucrose lost almost all of their original
activity.

In peptidization experiments with non-extracted
binding enzymes together with extracted trans-
locases, results were very similar to those obtained
with extracted transferase I. Different organic



[*4C]Phenylalanine polymerized (pmol/ml of
reaction mixture)

0 2 4 6 8 10

Concn. of ester (nmol/mg of transferase I
fraction V proteins extracted)

Fig. 1. Relation between the quantity of cholesteryl
methylhexadecanoate extracted and the residual activity
of extracted transferase I in the polymerization assay.
Point, (1) represents the activity of control non-extracted
binding enzyme of human tonsils, the other enzyme pre-
parations of the same batch were extracted with (2)
n-pentane, (3) ethyl ether, (4) toluene, (5) benzene and
(6) chloroform. The values represent the amount of
polymerization in 30 min at 37°C.

-

solvents again extracted different quantities of
cholesteryl 14-methylhexadecanoate from a given
preparation of translocase from rat liver. Moreover,
such extracted enzymes showed variable decreases
of the enzymic activity as shown in Table 5.

It was again possible to restore most of the trans-
locase activity by the addition of ester in quantities
corresponding exactly to those extracted. In
contrast with the binding enzyme, translocases
extracted with chloroform (five different batches)
could not be reactivated by cholesteryl 14-methyl-
hexadecanoate probably due to the enzyme de-
naturation. Optimum amounts of the ester were
required for complete reactivation (Fig. 2).

A direct proportionality exists between the
quantity of cholesteryl 14-methylhexadecanoate
extracted from a given enzyme preparation and the
decrease in enzymic activity of such translocases
(Fig. 3).

Similarly as with extracted transferase I, higher
quantities of extracted translocases were required
for maximum incorporation compared with non-
extracted enzyme.

Results obtained with extracted translocases
isolated from human tonsils were not different from
those described with rat liver translocases. Again a
decrease of the enzyme activity was found with
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Fig. 2. Effect of different doses of cholesteryl methyl-
hexadecanoate' on the activity of extracted rat liver
translocase in the polymerization assay. The enzyme was
extracted with iso-octane (2.12nmol of cholesteryl
methylhexadecanoate/mg of protein extracted) and
tested in the standard polymerization assay together with
unextracted rat liver binding enzyme. In control mixtures
containing both non-extracted transferases 17.6pmol of
[*H]lphenylalanine was polymerized.

extracted translocases and their original activity
was fully recovered by replacement of pure chole-
steryl 14-methylhexadecanoate in the amounts
extracted.

Polymerization with both extracted transfer factors.
Incubation mixture containing both extracted
transfer factors showed decreased polyphenyl-
alanine synthesis when compared with systems
composed of non-extracted enzymes. However,
the final value was not a summation of the effect of
extraction on both individual enzymes. In such
systems, polyphenylalanine synthesis was limited
rather by the residual activity of the less-active
transfer factor.

A complete recovery of the original activity
could again be obtained in these systems containing
both extracted elongation factors by the addition
of appropriate amounts of cholesteryl 14-methyl-
hexadecanoate.

Essentially the same results were obtained with
factors isolated from both rat liver and human
tonsils. Results of experiments with human
elongation factors are given in Table 6.

DISCUSSION

Unlike most aminoacyl-tRNA synthetases
(Hradec & Dusek, 1969), the transfer enzymes
appear to be very sensitive to freeze-drying. This
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Table 4. Effect of the extraction with various organic solvents on the activity of human tonstl transferase I in the
polymerization assay

Samples of the same batch were extracted for 2h with the solvents indicated. Incubation mixtures con-
tained 1.95 ug of transferase I fraction V proteins, saturating quantities of non-extracted translocase fraction
V (12.5ug) and all other components described for the standard polymerization assay. Cholesteryl methyl-
hexadecanoate contents in extracts are given in nmol extracted/mg of enzyme-fraction proteins. In reactiva-
tion experiments, cholesteryl methylhexadecanoate (ester) was added to extracted enzymes in quantities
replacing exactly the amounts removed by the extraction.

Cholesteryl methyl- [*4C]Phenylalanine polymerized (pmol)
hexadecanoate extracted A \
Solvent (nmol/mg of protein) Ester extracted Ester replaced
n-Pentane 0.89 16.50 20.65
Ethyl ether 3.00 8.65 19.25
Toluene 3.42 10.72 19.20
Chloroform 5.00 4.95 20.40
Control value (unextracted enzymes) — 20.10

Table 5. Effect of the extraction with various organic solvents on the activity of rat liver translocases in the
polymerization assay

Samples of the same batch were extracted for 2h with the solvents indicated. Incubation mixtures con-
tained saturating quantities of non-extracted rat liver transferase I fraction V (3.25ug), 9.5 ug of transferase
II fraction V and the other components for the standard polymerization assay. Cholesteryl methylhexa-
decanoate contents in extracts are given in nmol extracted/mg of enzyme fractions proteins. Cholesteryl
methylhexadecanoate (ester) was added to extracted enzymes in quantities supplementing exactly the

amounts extracted.

Cholesteryl methyl-
hexadecanoate extracted .

[*H]Phenylalanine polymerized

Solvent (nmol/mg of protein) Ester extraoted Ester replaced
Benzene 1.39 7.50 15.25
Ethyl ether 1.12 8.60 15.05
Isopropyl ether 0.87 11.85 14.70
Iso-octane 2.26 0.15 14.50
Control value (unextracted enzyme) — 14.80

fact presented great practical difficulties in our
work. In the preliminary experiments (Hradec &
Dusek, 1968a) in which transfer factors were
purified by the method Gasior & Moldave (1965),
Klink et al. (1967) or Felicetti & Lipmann (1968)
even transferase I showed a low stability and most
of its activity was lost after adsorption of purified
enzymes on DEAE-cellulose with subsequent
freeze-drying. No losses of the binding-enzyme
activity were found, however, with enzymes pre-
pared by the present procedure (Bermek et al. 1970;
Bermek & Matthaei, 1970a). This apparent dif-
ference in the stability of binding enzymes purified
by different techniques may be due to the fact that
the former procedures use the pH 5 supernatant as
the starting material whereas in the method of
Bermek & Matthaei (1970a) postmicrosomal super-
natant is the starting material. It seems possible
that the binding enzyme which is stable only in a
rather narrow range of pH (McKeenan & Hardesty,
1969) may be damaged by the acidification of the

cell sap and thus may become less resistant towards
freeze-drying. However, it was not possible to
prevent large losses of translocase activity during
freeze-drying although these losses were consider-
ably smaller with enzyme prepared by the method
of Bermek & Matthaei (1970a).

The direct proportionality between the decrease
of the cholesteryl 14-methylhexadecanoate content
and the loss of enzyme activity in extracted-
elongation-factor preparations indicates that the
presence of this compound in the molecule of these
enzymes is essential for their function. The lack of
such a correlation between increased specific
activity and ester content of enzyme fraction pro-
teins during the early steps of purification may be
due to the presence of less cholesteryl methyl-
hexadecanoate-containing proteins and eventually
free cholesteryl 14-methylhexadecanoate. Such
results were also obtained in the purification of
some aminoacyl-tRNA synthetases (Hradec &
Dusek, 1969).
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The relative content of cholesteryl 14-methyl-
hexadecanoate in the final preparations of transfer
enzymes is significantly lower than that found in
most aminoacyl-tRNA ligase preparations (Hradec

.S

mixture)

[!4C]Phenylalanine polymerized (pmol/ml of reaction

1 1 1 1 1 1 1

0 1 2 3 4

Concn. of ester (nmol/mg of transferase 11
fraction V protein)

Fig. 3. Relation between the quantity of cholesteryl
methylhexadecanoate extracted and the residual activity
of extracted transferase II in polymerization assay. Point
(1) represents the activity of control unextracted trans-
locase of human tonsils, the other enzyme preparations of
the same batch were extracted with (2) n-pentane, (3)
oarbon tetrachloride, (4) toluene, (5) ethyl ether and
(6) iso-octane.
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& Dusek, 1969). The reason for the lower relative
content of the ester in elongation enzymes may be
that these factors were less purified than ligases
used in our previous study. Even larger differences
in cholesteryl methylhexadecanoate contents be-
tween the preparations of different aminoacyl-
tRNA synthetases have been found (Hradec &
Dusek, 1969). Further, structural differences
between elongation factors and amino acid-
activating enzymes may be involved. Such dif-
ferences may also be the reason why some solvents
that very effectively extract cholesteryl methyl-
hexadecanoate from elongation factors (e.g. iso-
octane) are not suitable for the extraction of larger
quantities of this compound from aminoacyl-tRNA
synthetases (Hradec & Dusek, 1969).

Although the present results seem to support the
opinion that cholesteryl 14-methylhexadecanoate is
essential for processes in normal peptide elongation,
the function of this compound is unknown. The
relatively low contents of cholesteryl 14-methyl-
hexadecanoate in both aminoacyl-tRNA syntheta-
ses and elongation factors may indicate that this
compound has a catalytic rather than stoicheio-
metric function.

Both elongation enzymes probably contain more
than one active centre since they apparently
catalyse several different reactions. The binding
enzyme apparently combines first with GTP
(Shorey, Ravel, Garner & Shive, 1969), this com-
plex reacts with aminoacyl-tRNA, and this ternary
complex may then ultimately be attached to
decoding sites on the ribosome (Swan et al. 1969).
Further, there seems to be a regulatory site for the
binding of nucleotides (Lin, McKeenan, Culp &
Hardesty, 1969). The translocase, on the other
hand, binds GTP, has guanosine triphosphatase

Table 6. Polyphenylalanine synthesis with both extracted transfer factors from human tonsils

Both elongation factors from the same batch were extracted for 2h with the solvents indicated. Incubation
mixtures contained 2.10ug of transferase I fraction V, 9.08 ug of translocase fraction V and the other com-
ponents of the standard assay mixture. The residual enzyme activity is expressed as a percentage of the
control value, tested in the polymerization assay with the other non-extracted enzyme. Cholesteryl methyl-
hexadecanoate (ester) was replaced in quantities replacing the amounts extracted from both transferases.

[*4C]Phenylalanine
Extracting solvent Residual activity polymerized (pmol)
Transferase 1 Transferase I1 Transferase I Transferase 11 Ester extracted  Ester replaced
Ethyl ether Ethyl ether 73 65 4.34 8.52
n-Pentane Iso-octane 80 12 1.25 8.356
Chloroform Ethyl ether 28 60 2.54 8.65
Toluene Ethyl ether 32 63 2.30 9.30
Isopropyl ether  Iso-octane 85 12 1.78 8.45
Ethyl ether Isopropyl ether 65 80 4.00 9.05
Benzene Iso-octane 35 6 0.41 8.24
Control value (unextracted enzymes) 100 100 8.48
31 Bioch. 1971, 123
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activity and i involved in the translocation of
peptidyl-tRNA (Moldave, Galasinski, Rao & Siler,
1969). It would be interesting to know whether
cholesteryl methylhexadecanoate participates in all
these reaction steps or whether its function is
limited to one or more individual steps.

Our thanks are due to Mrs Z. Tuhddkovsd, Mrs M.
Cechovs, Miss J. Maierovs and Mrs B. Schmelz for excel-
lent technical assistance. This work was in part supported
by the Deutsche Forschungsgemeinschaft.

REFERENCES

Bermek, E., Kramer, W., Monkemeyer, H. & Matthaei, H.
(1970). Biochem. biophys. Res. Commun. 40, 1311.

Bermek, E. & Matthaei, H. (1970a). FEBS Lett. 10, 121.

Bermek, E. & Matthaei, H. (1970b). Hoppe-Seyler’s Z.
physiol. Chem. 351, 13717.

Felicetti, L. & Lipmann, F. (1968). Archs Biochem.
Biophys. 125, 548.

Gasior, E. & Moldave, K. (1965). J. biol. Chem. 240, 3346.

Hardesty, B., Culp, W. & McKeenan, W. L. (1969). Cold
Spring Harb. Symp. quant. Biol. 34, 33.

Hradec, J. (1968). J.Chromat. 32, 511.

Hradeo, J. & Dolejs, L. (1968). Biochem. J. 107, 129.

Hradec, J. & Dusek, Z. (1968a). Absir. FEBS 5th Meet.,
Prague, p. 68.

Hradec, J. & Dusek, Z. (1968b). Biochem. J. 110, 1.

Hradec, J. & Dusek, Z. (1969). Biochem.J. 115, 873.

Ibuki, F. & Moldave, K. (1968). J. biol. Chem. 243, 791.

Klink, F., Kramer, G., Nour, A. M. & Peterson, K. G.
(1967). Biochim. biophys. Acta, 134, 360.

Lin, 8.-Y., McKeenan, W. L., Culp, W. & Hardesty, B.
(1969). J. biol. Chem. 244, 4340.

J. HRADEC, Z. DUSEK, E. BERMEK AND H. MATTHAEI

1971

Lucas-Lenard, J. & Lipmann, F. (1966). Proc. natn.
Acad. Sci. U.S.A4. 55, 1562.

McKeenan, W, L. & Hardesty, B. (1969). J. biol. Chem.
244, 4330.

Matthaei, H. (1971). In Practical Molecular Genetics. Ed.
by Gros, F. & Matthaei, H. Berlin, Heidelberg and New
York: Springer (in the Press).

Matthaei, H., Sander, G., Swan, D., Kreuzer, T., Caffier,
H. & Parmeggiani, A. (1968). Naturwissenschaften, 55,
281.

Moldave, K. (1963). In Methods in Enzymology, vol. 6,
p. 757. Ed. by Colowick, S. P. & Kaplan, N. O. New
York: Academic Press Inc.

Moldave, K., Galasinski, W., Rao, P. & Siler, J. (1969).
Cold Spring Harb. Symp. quant. Biol. 34, 347.

Nishizuka, Y. & Lipmann, F. (1966). Proc. natn. Acad.
Sci. U.S.A. 55, 212.

Rahaminoff, H. & Arnstein, H. R. V. (1969). Biochem.J.
115, 113.

Schneir, M. & Moldave, K. (1968).
Acta, 166, 58.

Shorey, R. L., Ravel, J. M., Garner, C. W. & Shive, W.
(1969). J. biol. Chem. 244, 4555.

Siler, J. & Moldave, K. (1969). Biochim. biophys. Acta,
195, 138.

Skogerson, L. & Moldave, K. (1968). J. biol. Chem. 243,
5361.

Swan, D., Sander, G., Bermek, E., Krimer, W., Kreuzer,
T., Arglebe, C., Zollner, R., Eckert, K. & Matthaei, H.
(1969). Cold Spring Harb. Symp. quant. Biol. 34, 179.

Vasquez, D., Battaner, E., Neth, R., Heller, G. & Monro,
R. E. (1969). Cold Spring Harb. Symp. quant. Biol. 34,
369.

Warburg, O. & Christian, W. (1942). Biockem. Z. 310,
384.

Biochtm. biophys.



