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THE I FLUENCE OF TRIS-HCI ON mE BIOSYNTHESIS OF POLYPHENYLALANINE
c. J. REINECKE, Department of Physiology, Potchefstroom University, Potchefstroom, Tvl

TABLE I. TRIS-HCI CONCE 'TRATIO S USED IN VARIOUS INVESTlGATIO S
ON POLYPEPTIDE SYNTHESIS

trichloroacetic acid. The dried filter were placed in gla
counting vials containing 10 m!. scintillation fluid (I litre
toluene containing 7 G of 2, 5-diphenyloxazol and 0·05 G
of 4,4-bis(2-5-phenyl)oxazolyl benzene), and the radio
activity was determined in a liquid scintillation counter.
The counting efficiency was 70%.

Chemicals
Pyruvate kinase, phosphoenolpyruvate (trisodium salt),

adenosine triphosphate (disodium salt) and guanosine tri
pho phate (sodium salt) were purchased from Seravac
Laboratories. A frozen paste of E. coli B cells (mid-log
phase) and frozen E. coli B tR A were obtained from
Miles Laboratories, as well as polyuridylic acid (Ep at
260 mp.: ])'0 x 103 at pH 7'0; 280 mp./260
mp.: 0'224). Radioactive amino acids were obtained from
the Radiochemical Centre, Amersham, England.

RESULTS

The Tris-HCl concentration of reaction mixtures used for
the study of protein synthesis ranged from 10 mM to 100
mM in various investigations (Table 1). The effect of this

Tbe requirements for the biosynthesis of polyphenyl
alanine in the cell-free system of E. coli have been the
subject of a considerable number of investigations, and
are now fairly well establi bed.'o,,,.,,, Tris-HCI* was used
predominantly as buffer in these investigations, as well as
in experiments on the biosynthesis of proteins in general.
A review of the Tris-HCI concentrations used revealed
large differences. as is indicated in Table 1. This observa
tion necessitates a study on the effect of Tris-HCI
concentration on the bio ynthesis of proteins. In this
paper experiments in this regard will be described, using
polyphenylalanine ynthesis in the E. coli cell-free system
as model of protein synthesis.

MATERIALS D METHODS

Buffers
Potassium tandard buffer had the following compo i

tion: 10 mM Tris-HCI (pH 7'8), 10 mM magnesium ace
tate. 60 mM potassium chloride and 6 mM ,B-mercapto
ethanol.

Ammonium standard buffer had the same composition
but contained 60 mM ammonium cbloride instead of
potassium chloride.

Preparation of Ribosomes and Soluble Enzymes
Cell-free extracts from E. coli, free of endogenous

messenger ribonucleic acid (mR A) activity, were pre
pared according to tbe slightly modified procedure of

irenberg and Matthaei" as described by Voorma et al."
Potassium standard buffer was used in this part of the
preparation. The extracts were centrifuged for 3·5 hours
at 105,000 x g, yielding a ribosomal sediment and a super
natant fraction. The upper 4/5 part of the supernatant
was dialysed at 4·C against 2 litres of ammonium standard
buffer for 18 hours, and is referred to as the soluble en
zyme fraction. The ribosomal sediment was rinsed once
with ammonium standard buffer and then resuspended in
1·0 m!. of this buffer.

Tris-HCl
concentratioll

used (mM)
10
10
43
50
50
50
60
60

lOO
lOO
lOO
lOO

mR A lIsed
poly U*
Rl7-RNA
poly U
AUGU3
Rl7-RNA
poly U
MS2-RNA
poly AUG
E. coli mR A
poly AUG
poly U
f2-RNA

Reference
20
26

8
4
2
9

23
5

11
6
I
3

Amino-Acid Incorporation
The reaction mixture contains per m!.: 20 p.g. poly

uridylic acid, 20 p.g. transfer ribonucleic acid (tRNA), 0·5
p'c ["C)-phenylalanine (spec. act. 12·6 mc/mM), Tris-HCI
(pH 7'8) as indicated, magnesium acetate as indicated, 6
p.moles ,B-mercaptoethanol, 3 p.moles adenosine triphos
phate, 2 p.moles phosphoenolpyruvate, 0·2 p.moles guano
sine triphosphate, 20 p.g. pyruvate kinase (EC 2.7.1 .40),
54 p.mole3 ammonium chloride, 1 mg. ribosomes and 0·3
ml. of the soluble enzyme fraction.

Reaction mixtures of 100 p.!. were incubated at 3TC
for the times as indicated. The reactions were terminated
by the addition of 2·0 m!. JOoo trichloroacetic acid. The re
ulting suspen ions were centrifuged at 600 x g, the

supernatant was discarded and the precipitates were dis
solved in 0·5 m!. 1M odium hydroxide, incubated at 37·C
for 30 minutes and reprecipitated by the addition of 5 m!.
1O~0 trichloroacetic acid. The final precipitates were col
lected on cellulose acetate filter (pore size 0'45 p.; dia
meter 2·5 cm.) and washed with five 4-ml. portion of 5%

*Tris = tris(hydroxymethyl)amino-methane.

'poly U = polyuridylic acid.

range of Tris-HCl concentrations on the biosynthesis of
polyphenylaianine is illustrated in Fig. 1. Virtually no
effect was noticed if the biosynthesis was performed in
reaction mixtures containing 10 - 40 mM Tris-HCl. How
ever, higher concentrations (50 - 120 mM) markedly lower
ed the yield of polyphenylalanine. Tills effect was also
noticed on the slight incorporation of phenylalanine into
polypeptides formed under direction of residual endo
genous E. coli mRNA still present on the ribosomes.

Kinetic experiment performed at 16 mM magnesium
acetate revealed that illgber Tris-HCl concentrations sig
nificantly retarded the polymerization of phenylalanine in
the initial phase of synthesis (curves 2, 3, 5 and 6 in Fig. 2).
The effect increased with the Tris-HCI concentration. At
20 mM Tris-HCI phenylalanine incorporation began to
reach a plateau after about 40 min. incubation (curve 1,
Fig. 2), whereas no plateau was reached even after 90
minutes' incubation at 100 mM Tris-HCl (curve 3, Fig. 2).
Synthesis at 60 mM Tris-HCl was intermediate between
the e two extremes (curve 2, Fig. 2).
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The lower le el of polyphenylalanine nthesi at higher
Tri -HC! concentration wa a ompanied by a hift in
the magne ium concentration nece sar for optimal
phenylalanine incorporation (Fig. 3). harp optimum at
16 mM magnesium acetate wa noti ed when the Tri -H I
concentration wa 20 mM (cur e 1. Fig. 3). Thi optimum

Dl U SION

The contradictory result obtained by Ohta er al."; and
omura and Lowry" on the binding of f2-R to 70

E. coli ribosome were mainly due to difference in the
compo Itlon of the reaction mixture used. Thi again
tre ed the important influence that the corn po ition of

the reaction mixture may exhibit on the experimental re
sult . In many investigation on the bio ynthe i of pro
tein Tri -HCl ha been utilized to maintain the pH of the
reaction mixture (Table n. However, the concentration
of Tri -H I used varied from 10 mM to lOO m . From
experiment de cribed in thi paper it appeared that Tri 
H I concentration exceeding 40 m ignificantly in
fluenced amino-acid incorporation into polypeptides. Thi
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6 24
mM Magnesium acetate

Fig. 3. Influence of the magnesium concentration on poly
phenylalanine synthe i at variou Tris-HCI concentration.
Reaction mixture contained all the components a
described in the text, except that the magne ium con
centration was varied as indicated. The mixtures were
incubated at 3rc for 30 minutes. The experiment were
performed at 20 mM (curves I and 4), 60 filM (curve
2 and 5) and 100 mM (curves 3 and 6) Tris-HCI. Curve
I, 2 and 3 were obtained in the presence and curves 4.
5 and 6 in the ab ence of polyuridylic acid.

shifted to 20 mM magnesium acetate in the pre ence of
60 mM Tris-HCI (curve 2. Fig. 3), and became eventually
a relatively broad optimum in reaction mixtures contain
ing lOO mM Tris-HCl (curve 3, Fig. 3).

It may be concluded that polyphenylalanine synthesi
required longer time of incubation and higher magnesium
concentrations for maximal incorporation of phenylala
nine into the homopolymer. if high Tris-HC! concentra
tions were used.
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mM Tris-HCI
Fig. 1. Influence of Tri -HCI on polyphenylalanine
synthesis. The reaction mixture contained all the com
ponents as described in the text, except that the Tris
HCt concentration was varied as indicated, and that the
magnesium acetate concentration was 16 mM. The mixture
were incubated for 30 minutes at 37"C. Poly U = poly
uridylic acid.

u

20 40 60
Time in minutes

Fig. 2. Kinetics of polyphenylalanine synthe i at various
Tri -HC! concentration. The reaction mixtures contained
all the components as de cribed in the text, except that
the magne ium acetate concentration wa 16 m ,and the
lime of incubation wa varied a indicated. The kinetic
experiments were performed at 20 mM (curves I and
4). 60 m (curves 2 and 5) and 100 mM (curves 3 and 6)
Tri -HC!. Curves 1,2 and 3 were obtained in the pre ence
and curves 4, 5 and 6 in the ab ence of polyuridylic
acid.
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influence is noticed both on the kinetics of amino-acid
incorporation and on the magnesi urn concentration re
quired for maximal incorporation.

Kinetic experiment indicated that the influence of Tri 
HCI i particularly rele ant in the initial pha e of syn
thesis. A considerable lag pha e appeared if high Tri 
HCI concentrations were used. Apparently tbe high Tris
HCI concentration inhibited early formation of a chain
initiation complex, which could probably only be formed
after incubation for some time.

Polyphenylalanine ynthesi can only be accomplished
at low magne ium concentration (5 mM) if the reaction
mixture is supplied with acetylphenylalanyl-tR A:,12 an
artificial chain initiator for polyphenylalanine ynthe is.'

everal authors have shown that polyphenylalanine syn
thesis in the absence of this chain initiator required high
magnesium concentrations for the formation of a chain
initiation complex.""·'"'' The higher magnesium concen
tration required for optimal phenylalanine incorpora
tion at high Tris-HCl concentration therefore imilarly
uggest that the Tri -HCI interfered with the formation of

a chain initiation complex, in accordance with the
conclu ions drawn from tbe kinetic experiments. A similar

ituation occurs when polypeptide synthesis is performed
with natural mRNA in the presence of purified
ribosome ."

An inhibitory effect of high Tris-HCI concentrations
on other enzyme ha al 0 been reported."'" These
reports, together with tbe results reported in this
paper, emphasize the important role that the composition
of the reaction mixtures may play in biochemical re
actions. In investigations on the initiation of protein syn
thesis, care should be taken that the Tris-HCI concentra
tion of the reaction mixture never exceeds 40 mM.

S MMARY

The influence of Tri -HCI on the biosynthesis of polyphenyl
alanine was tudied. It was found that Tris-HCI concentrations
exceeding 40 mM depre sed phenylalanine incorporation into

polypeptides. The effect increased with Tri -HCI con
centration. Kinetic experiments indicated that the initial pha e
of synthesis is significantly inhibited at higher (40 - 100 mM)
Tris-HCl concentrations. nder the latter conditions higher
magnesium concentrations (20 mM) were required for maximal
incorporation than in the presence of lower (l0 - 40 mM) Tris
HCI concentrations.

This work was supported in part by financial aid from
the CSIR, Pretoria.
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BOEKBESPREKINGS : BOOK REVIEWS

CA 'CER CHEMOTHERAPY

CylOfOxic Drugs ill the Treatment of Cancer. By E. Boesen,
M.B.. B.. (Lond.) and W. Davi , Ph.D. Pp. ix 20. £3.0.0.
London: Edward Arnold. 1969.

The authors discus the chemical and biochemical background
of the anticancer drugs in order to put the potential and limi
tations of each drug into perspective. The indications for the
use of Ihe various agents and their side-effects are descri bed.
and some detail i given of actual regimens of drug administra
tion. The author warn thal 'the methods described are nOI
the only ways of treating the e patients nor even necessarilv
Ihe best, but they are the one which can be adapted for use in
circumslances which are not ideal'. This is nevertheless the mo t
acceptable urvey of Ihe current statu of cancer chemotherap}
to appear for ome lime. G.F.

CARDIAC DIAG OSIS

A Primer of Cardiac Diagnosis. The physical and technical
study of the cardiac patient. By A. A. Luisada, M.D. and G.
. ainani, M.D. Pp. xviii + 243. JIIu trated. 10.50. 1.

Louis, Mis .: Warren H. Green. 196 .
An undergraduate tudent commencing hi clinical year will
find thi mall volume u eful and instructive. It will introduce
him to bed ide cardiology and acquaint him with the variou

technical procedures in use and the basic principles involved.
The diagrams are effective and imple. The views on heart

sounds and murmur are the author's and are as yet not gen
erally accepted. Some of the signs described and all the
eponyms are meaningless and hould have been omitted. Ballis
tocardiography, roentgenkymography, electrocardiography and
possibly apex cardiography, if mentioned at all, merit no more
than a line or two. V.S.

HOSPITAL PUBLlC RELATIONS

Public Relations jor Hospitals. A practical handbook. By
H. P. Kurtz, M.S. Pp. xiii + 150. .00. Springfield, III.:
Charle C. Thoma . 1969.

Public Relations for Hospitals concentrates on the typical Ame
rican in titution of voluntary hospitals, running as self-con
tained units and controlled by boards of directors, and it bears
very little relation to hospital services in South Africa.

The book analyses the basics of public relations, and how it
could be applied to hospitals. Although there are, to my know
ledge, no public relations officers for individual hospitals in
South Africa, it may well profit the superintendents of our
ho pitals to spend an evening reading thi book. Chapters re
lating to American ho pital public relation and fund rai ing
may be kipped if desired, but many useful hints on ho pital
control may be found on the remaining pages. I.E.




