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III. INTRODUCTION

Although exciting developments on the characterization of
subcellular systems from bacteria for protein biosynthesis have been
achieved, most of them are based on the organism Escherichia coli, an
intestinal bacterial species. Present work reports a subcellular

System which was derived from Cellvibrio gilvus, an aerobic cellulolytic

bacterium, and which was active with respect to amino acid incorporation
into hot trichloroacetic acid (TCA) insoluble material. The develop-
ment and investigation of the characteristics of this amino acid

incorporation system from Cellvibrio gilvus will be an essential step

for further studies on the elucidation of the mechanism for the
biosynthesis of cellulases, which are extracellular enxymes produced
by this bacterium.

It should be admitted here that the cell-free amino acid
incorporating systems available to us are not ideal for the study
of protein synthesis. To study some of the problem of regulation
and control of protein synthesis, the formation of a particular
protein will be necessary. In this sense bacterial preparations have,
in general, been more successful in satisfying the requirement for
the net synthesis of a specific protein. The advantage of choosing
the synthesis of a particular enzyme (in present work, cellulase)

for studying the general mechanism of protein biosynthesis may lie



in the fact that protein synthesis, even in very small amounts,

can be readily detected by measuring the increase in emzyme activity.
The importance and vital role of cellulolytic bacteria in

nature can be faﬁnd in a vast number of fields (24)——cellulose

metabolism in lower plants, nutritiom and physiology of ruminants,

soil fertility, waste disposal, and the preparation of useful food

products from normal waste materials. In Cellvibrio gilvus this

inducible cellulase activity is the result of the synergistic
activity of several cellulases whose Specificity has been investigated
by Storvick et al. (29). Accordingly investigations on the mechani sm
and location of the biosynthesis of these induciblé, extracellular
cellulases in a bagterium may be helpful in understanding the
mechanism of cellulolytic microbial action in nature.

Cellvibrio gilvus was first isolated by Hulcher (24) from

fresh bovine feces and given the species name of gilvus because of
its pale yellow pigment. Since then studies have been made on the
cellulase system of this bacterium (25, 26, 27, 28, 29, 30). The

cellulase system of this Cellvibrio gilvus has been resolved into

four distinct compoments by starch zone electrophoresis. The four
components are known to cleave successively cellobiosyl or cellotriosyl
moieties from the end of the cellulose chain.

Since the pioneer work of Zamecnik and Hoagland and their
coworkers (31, 32, 33, 34, 154) on the scheme of cell-free protein

synthesis, an avalanche of work has been reported in this area.



Schematic sequential steps and the effect of some factors are
outlined in Figure 1 and discussed in the next paragraph. The
literature review and the discussion of this cell-free amino acid
incorporation into enzyme protein will be reviewed accbrding to the
following sequence. The following abbreviatiohs will be used:

ATP (adenosine triphosphate), AMP (adenosine monophosphate), GIP
(guanosine triphosphate), t-RNA (transfer ribonucleic acid), PP
(inorganic pyrophosphate, AA (amino acid), t-RNA-AA (t-RNA charged

with amino acid), m—~RNA (messenger ribonucleic acid).

Stage I. Activation of amino acids

aminoacyl-adenylate

N Nz
synthetase <§i:::::::1 N

ﬂ - ﬂ 9 0 \ enzyme
R—~CH-C~0" + ATP <—T——-> l:R--C'H—(}-0-1;—0(:1112 N
l P Ny, O OH OH
*NH,
AA Enzyme-AMP-AA

Stage II. Transfer of activated amino acids to t—RNA

PP pGE RNA

Enzyme-AMP-AA ~o~$,o
0
|
C

t—-RNA-AA



Stage III. Transfer of amino acids from t-RNA-AA to protein .

Stage IV, Release of polypeptide chain, folding, further modificatiomns
into well-defined protein as polypeptide chain grows.
Actually in cell-free systems itis difficult to observe Stage

IV, but Stages I-I1I can be easily detected.



Figure 1. OSchematic outline of the sequence of cell-free protein
synthesis and the point of action of certain factors.
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A.

IV. REVIEW OF LITERATURE

Activation of amino acids:

Thermodynamic considerations of the reaction,

amino acids > peptides

T

led to the prediction that amino acid incorporation into peptides
requires coupling with an energy yielding reaction (34, 35).
After many investigations on the requirement for emergy coupling

(36, 37, 38, 39, 40, 41, 42, 43, 44, 45), including the evidence

. that synthesis of enzymes in bacteria and in yeast depended on

phosphorylation (46, 47), adenosine triphosphate (ATP) was shown

to be required for protein synthesis in cell-free systems (48, 49,

50, 51). Engymes, activating L-amino acids through a reaction

with ATP and catalyzing the liberation of pyrophosphate and the
formation of aminoacyl adenylate, were found in all kinds of

animal and plant tissues and in microorganisms (52). Activation

of all amino acids was observed in bacteria by Nisman et al. (54, 55).
They reported that there were twenty enzymes, each one specific

for one of the amino acids found in proteins. Hydroxamate assay

and pyrophosphate-AA exchange method were chiefly used to study

the amino acid activating enzymes (56). The specificity of these
amino acid activating enzymes has been reported to be high but

not absolute (56). Keller and Zamecnik (57) observed that components,



precipitating together when the 100,000 x g supernatant of disrupted
cells was brought to pH 5, were required for amino acid incorporation.
The presence of amino acid activating enzymes in this fraction was
suggested .by Hoagland et al. (58). In microorganisms, considerable
amounts of activating enzymes were sometimes found, trapped in the
cytoplasmic membrane fraction by bits of coagulated cytoplasm.

The activation mechanism of amino acids was first studied
on microbial cells by DeMoss and Novelli (59). Discovering 32pp-
exchange with ATP and measuring individual contribution of each amino
acid to the 22PR-exchange in the following reaction,

AA + ATP3R ———> i awvp + Ppp

they concluded that each amino acid had its own specific activating
enzyme. A second method to demonstrate and estimate the extent of
the production of activated amino acids was a spectrophotometric
measurement at an absorbancy 540 my due to the brown complex which
was produced by the addition of acidified ferric chloride to
hydroxamate, which was formed by the reaction of the activated amino
acids with hydmxylamix;g, an efficient artificial acceptor of the
acyl groups. Another method for measuring amino acid activation used
radicactive substrates coupled with selective chromatography onm ion
exchange paper (61). The observation that some activation enzymes

caused a rapid formation of hydroxamates although they catalyzed the
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PP-exchange very poorly (62, 63) led to the suggestion that hydroxy-
amine reacted - with t-RNA-AA rather than with E-AMP-AA.

Aminoacyl adenylate has an activated mixed acid-anhydride bond
formed byr condensation of the carboxyl grouping of the amino acid
and 5'-phosphate of adenosine momophosphate. The structure of this
aminoacyl adenylate complex has been proved by ceﬁparisen of synthetic
samples and material isolated from the purified activating preparation
{60). The active centers of these activating enzymes were suggested
to contain ~SH (thiol) groups, for p-chloromercuribenzoate, mono-
iodoacetate, azide, and oxygen inhibit the enzymes, whereas reduced
glutathione or mercaptoethanol (108) protect them.

Transfer of activated amino acids to t-RNA.

The enzyme bound nature of the intemmediate, aminoacyl adenylate,
has been established (64, 65, 66, 69, 68). The t-RNA was shown to
accept the activated amino acid by Holley's (69) observation of a
ribonuclease sensitive, amino acid-dependent exchange of AMP with
ATP, and by the demonstration that activated amino acid is trans-
ferred to t-RNA (70). There is at least one specific t-RNA for
each amino acide Each t-RNA is a single polynucleotide chain composed
of some eighty mucleotides (molecular weight ca. 25,000-30,000) found
usﬁally in the supernatant fraction of disrupted cells. The chain

- is believed to be folded upon itself, forming hair pin-shaped, double-

stranded helical regions which alternate with single stranded areas.



At one end of the chain free 2' and 3' hydroxyl groups of the terminal
nucleoside (adenosine) are exposed allowing one of these to accept the
amino acid directly from the ensyme-bound aminoacyl adenylate. The
terminal base sequence of nucleotides is: cytidylic acid, cytidylic
acid and adenosine (abbreviated to t-RHA—pCPCpA). Berg et al. (71)
established that the same enzyme that activates the amino acid also
catalyzes the transfer to t-RNA by observing that the ratio of
methionine-activation to methionyl-t-RNA formation was comstant
throughout an extensive (100-fold) purification of the methionine
activating enzyme from E. coli. Since the PP-ATP exchange was 100
times as active as the transfer to t-RNA, the transfer reaction was
assumed to be the rate determining step. Both reactions were
reversible. Ribonuclease inhibited the formation of AA-t-RNA by
degrading the t-RNA.

Transfer of amino acid from aminoacyl transfer ribonucleic acid (AA-
t-RNA) to protein:

It has been established that aminoacyl transfer RNA compounds|
transfer amino acids to the riboscmes, where they are integrated»into
growing polypeptides as shown first by Hoagland et al. with rat liver
homogenates (70). Ribonucleoprotein particles, ribosomes, were first
discovered in bacteria by Schachman, Pardee and Stanier {(73). Ribosome
particles were shown to be associated with cytoplasmic membrane in

bacteria (158, 159). Ribosomes from various sources have a rather



constant chemical composition, i.e., about 40—50% RNA and 60-50%
protein for 80 S ribosomes (yeast, 162, 163, 164; plant, 165, 166,
167; animal, 168, 169, 170, 171) and 60-65% RNA and 40-35% protein
for 70 S ribosomes (bacteria, 13, 172). The protein contains large
amounts of the basic amino acids and the dicarboxylic amino acids,
half of which are in the amide form. Although the proteins have

an overall basicity, this is outweighed by the acidity of RNA moiety,
leaving ribosomes with a net negative charge. Therefore, aggregation
or dissociation of ribosomes is dependent upon the concentration of
magnesium ion (MgH) or polyamines such as spemidine, spermine or
putrescine. The ribosomes of yeasts, plants and animals have a
sedimentation coefficient of 80 S (121, 173), whereas those of
bacteria have been found to possess a sedimentation coefficient of
70 S (173). These particles dissociate into Several classes of
subunits at low magnesium concentration. For example, 80 S particles
may be reversibly dissociated into 60 S and 40 S subumits, and 70 S
into 50 S and 30 5. Recently Hosokawa et al. (103) reported that
smaller sub-particles 40 S and 23 S (and split proteins), which

were derived from the dissociation of ribosome subunits (50 S and 30 S),
were inactive in protein synthesis, upen mixing the split proteinms

with those sub-particles ribosomes were reconstituted, which were



active in in vitro polypeptide symthesis. This supported the
hypothesis that at least part of the assembly of the ribosomes is an
orderly, self-assembly process which is mot directed by other pre-
existing cell structures. In other words, information for the correct
assembly must be comtained in the structure of the sub-componemts.

This stage, the transference of amimo acid from amimoacyl
transfer RN4s to ribosomal template, is an almost completely umknown
one except for the requirement of guanosime triphosphate {GIP).

The role of GIP is still mot clear. It was reported that CIP is broken
down to GDP and inorganic phosphate and that its emergy might be
coupled to further activation steps and/or to the release of protein
(74). Recently it has beem reported that the inhibition effect of
deacylated t-REA is competitively reversed by OTP and a soluble

enzyme fraction and that GIP increases the amount of rhemylalanime-
t-RNA bound to the ribosomes im the presence of t-RNA. Transfer
enzyme (76, 77) iselated from the soluble fractiom cf liver homogenate
was reported to be inwolved in the tramsfer process.

Inhibitors of amino acid transfer have also been reported.
Chloramphenicol (chloromycetin) is kmown to be a specific imhibitor
for the bacterial ribosomal system (73). This seems to combine with
the ribosomes preventing messenger-REA binding or inactivating
incoming messenger-RNA (m-RNA) so that amincacyl-t-RNA bas no
binding site. Puromycin inhibits amimo acid transfer in all cell-free



systems (80). During the growth of peptide chains on the ribosomal
template, the t-RNA residue which is attached to carboxyl end of the
C-terminal amino acid holds the growing chain onto the surface of

the ribosomal template, presumably by base-complementary hydrogen
bonding with the m-RNA template. Since puromycin structure is similar
to that of amimoacyl t-RNA, the former may be able to replace the t-RNA
residue, thereby releasing the polypeptide-t-RNA short of protein
completion.

Actually the increase of soluble protein can be observed under
the effect of puromycin. This is also evideat for the stepwise
polymerization of amivo acids. Chloramphenicol seems to act at a
stage before puromycin in systems from bacteria,.for chloramphenicol
prevents the release of peptides by puromycin when these two imhibitors
are used together (161). Erd:s and Ullman (81) reported that strepto-
mycin inhibits the transfer of amino acids from t-RNA to protein in
a Sensitive strain but not in a resistant strain. Aminoacyl-tRNAts
can be regarded as adaptors which will carry the activated amino
acids to the m-RNA template and locate them at their correct positions
by forming hydrogen bonds with the complementary bases on the m-RNA
template according to the Crick's scheme (82, 155) for mucleic acid
structure. Many ribosomes are wmited by a strand of m-RNA and the

ribosomes pass ie turn over the coding triplets, and the m-RNA is



released when its protein chain is completed (83). Initial support
for this scheme began with the demonstration by Matthaei and
Nirenberg (84) that E. coli cell-free systems, which were pre-treated
with deoxyribonuclease (DNAase) to prevent endogeneous production of
m-RNA, were highly (thousand-fold) stimulated by the addition of
polyuridylic acid. Then Spyrides and Lipmann (85) showed that many
ribosomes were boumd to a single poly U chain and that only those
ribosomes bound in clusters to poly U chains were active in peptide
synthesis in poly U directed polyphenylalanine synthesis. This

RNA strand could be broken by brief treatment with ribonuclease
(RNaase), forming single ribosomes. The genetic coding seguences in
m-RNA have been reperted to be non-overlapping, triplet codes. It
has been pointed out that several codons for leucine exist: CUU, CUC,
UUA, UUG. Thus, the codes are degenerate. Not only are the codes
degenerate, but also can be ambiguous in these cell-free systems.

For example, UUU, the code word for phenylalanine, cam also code

for leucine. Magnesium ions, low temperature, amino glycoside anti-
biotics, and polyamines have been reported to produce mistakes in
translation of the genetic code in sub-cellular bacterial systems

(86, 156, 157). Other factors such as organic solvents (87), pH (88),
and concemtration of amino acids, or t-RNA (87, 88) also have influence
on the specificity of polynucleotide-dependent amino acid incorporation
into polypeptides. The translation mechanism of mmmalian cells .
functions with higher fidelity in vitro than that of bacteria (104).



The discovery of N-formylmethionyl-t-RNA in E. coli protein by
Marcker and Sanger (90) led to the postulation that N-formylmethionyl-
t-RNA was the initiator of the pelypeptide chain. This compound
cannot be used for polypeptide chain elongation, as the amino
group methionine is formylated, but can function in the initiation
of polypeptide chains. Actually Adams amd Cappecchi (3) observed
the incorporation of formyl groups in N-formylmethionyl-t-RNA imto
at least two, if mot all, of the several proteins coded by the phage
R17 RNA, indicating the possibility that formylmethionyl-t-RNA
initiated the synthesis of all of the R17 specific proteins. Similarly
Webster and Lingrel (74) discovered N-fermylmethionine masked protein
and fragments in an in vitro protein synthesizing system from E. coli
when RNA from a phage mutant was added. As a possible mechanism for
ipitiation of protein synthesis, Nakamoto and Kolakofsky (91) suggested
that if the ribosome-messenger association was sufficiently stable,
proper alignment of amimoacyl-t-RNAts could take place on the ribosome,
and polypeptide synthesis could occur without a modified amimoacyl-t-
RNA, i.e., N~-formylmethionyl-t-RNA, but as the affinity of the
messenger RNA for the ribosome decreased, conditions must be altered
in order to stabilize the chain-initiating complex with amimoacyl-t-
RNA. For example, higher concentration of megnesium was required

under such conditiomns. aActually they found that with low magnesium



concentrations and a high temperature, synthesis of polypeptides with
synthetic messenger RNA was almost completely dependent on either
N~formyl-methionyl-t-RNA or peptidyl-t-RNA, which might form a
chain-initiating complex with messenger and ribosomes because of

its resemblance to peptidyl-t-ENA. Existence of an initiation signal
for protein synthesis and the requirement of factor(s) ether than the
transfer enzymes for the translation of this signal has been established,
€.g., a factor is necessary for M52 RNA and TMV-RNA (105), f, RNA (5),
and two factors for ¥S2 RNA, Q B RNA, or TMV-RNA {89). Very recently
a stimulation factor associated with DNA, which is present in cell
extracts from E. coli has been reported to be nonspecific for a given
RHA but active with T, m-RNA, and ~TMV-RNA (106). However, different
postulations have beem raised about the mode of action of the
stimilation factor. Stanley et al. (89) observed in their cell-freé
system from E. coli that some synthetic polynucleotides (poly A, poly
U) promote polypeptide synthesis equally well with crude or purified
ribosomes, whereas natural m-RNA's are effective only in systems
containing crude ribosomes, which may contain some facter(s)

required for the translation of a matural messenger. They suggested
that one of the possible functions of the factor(s) was the formation
of the first peptide bond between formylmethionine, esterified to
methionine-t-RNA,, and the following amino acid, in light of the

fact that factors exert their stimulatory effect in the presence of an
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excess of transfer enzymes and that they are not involved in the
activation or formylation of methionine or in the binding of
methionyl-t-RNA to ribosomes. On the other hand, Eisemstadt and
Brawerman (5,6) showing the need for a stimulating factor for f, RNA
in the high-speed snpema.ta.ﬁt of E. coli, suggested that this
stimulation factor could be concerned with the ribosome-viral RNA
in;eraetion and that ribosomes must umdergo a reaction premoted by

the factor in order to become capable of interacting with m-RNA.

They postulated that the stimulation factor must be of the same Species
as the ribosomes and interact directly with the ribosomes. This

interpretation is compatible with the experimental observation in the

mixed-system of E. coli ribosomes plus Euglema gracilis supernatant,
which was not responsive to f, RNA. If chain initiation by N-
formylmethionine was a prerequisite for the protein synthesis,

Euglena supernatant should have been capable of formylating methionine.
However, they did not rule out the possible role of the stimulation
factor in the formylation reaction of methionyl-t-RNA, for pre-
incubation of the cell-free system with the factor would lead to
formylation of methionine and would result in a more rapid response to

viral RNA.

Release of finished polypeptide chain, folding, and further modifications

into well-defined protein molecule:
During protein synthesis, the nascent polypeptide chain remainms
esterified to t-RNA on the surface of the ribosome (94, 95, 96, 97).



After chain completion, the residual t-RNA molecule must be cleaved
off the carboxyl-group end of the chain by an energy requiring
process, either still bound to the ribosomes or in the supernatants
after release of the protein-t-RNA. There alsc have been Some
suggestions that nucleotide sequences which do not recognize a specific
aminoacyl t-RNA, i.e., nonsense codons, act as chain terminating
signals (95, 98). Studies on the release mechanism in terms of
well-defined enzymes is very difficult, whereas it is easy to observe
incorporation of amino acids into protein material (94). An ATP-
generating system, MgH , CTP, KH,,+, and the releasing enzyme (found
in the soluble enzyme fraction isolated from the 100,000 x g
supernatant) have been reported as necessary for chain release (160).
Siekevitz (100) suggested the involvement of polyamines in this process.
These completed polypeptides must fold into well-defined protein
molecules in order to possess enzymic activity, serological
characteristics, and other important physiological or biochemical
properties. Folding gmerally results in the secondary and tertiary
structure of the protein. Current theory attributes this folding
implicitly to the amino acid sequence, occurring sSpontaneously

after a sufficient amount of the polypeptide chain has been formed.
Cellular environment such as pH, ionic strength, nature of the ioms
may also be important (101). In other words, enzymes contain amino
acid sequences so uniquely comstructed that the formation of active

centers and three~dimensional conformations follow automatically and



reproducibly without additional genetic information (102). Sometimes
association with prosthetic groups or other further transformation
(for example transformation of zymogen into active enzyme) may

occur.



EXPER IMENTAL
METHODS AND MATERIALS

Growth and harvest of cells:

The culture medium of Cellvibrio gilvus was an aqueous solution
of 16 1, which had been autoclaved at 125° C for 90 minutes, containing
32 g glucose (purchased from J. T. Baker Chemical Company, Phillipsburg,
Ne J.), 16 g yeast extract (from Difco laboratories, Detroit, Michigan),
80 g casein hydrolysate (from General Biochemicals, Chagrin Falls,
Ohio), 4 g of potassium chloride (Baker analyzed reagemt), sodium
nitrate (Baker analyzed reagent) and ammonium chloride (Baker analyzed
reagent), 8 g potassium hydrogen phosphate (Baker analyzed reageant),
35.2 ml of 1 N hydrochloric acid (Baker analyzed reagemt), and 32
drops of antifoam ("Nalco", Nalco Chemical Company, Chicago, Ill.).

The cells were grown im an incubator room at about 28° C with

vigorous aeration for about 20 hours, at which time the cells were in
their log phase of growth——an absorbancy of 0.2 at 540 my, measured

by a Bausch and Lomb Spectronic No. 20 Colorimeter. The growth curve
of the cells is shown in Figure 2. The cells were harvested in a cold
room using a Sharples Super Centrifuge at 30,000 r.p.m. and a flow rate
of 270 ml per minute. Collected cells were washed twice by suspeansion
in 80 ml of cold standard buffer which is composed of 0.02 M Tris (tris-
hydrewthylaminomethane)—ﬂcl (pH 7.8), 0.009 M magnesium acetate,
0.07 M potassium chloride, and 0.006 M mercaptoethanol, and centrifuged
in a Sorvall Model RC-2 Centrifuge at 15,000 x g for 5 minutes. The
yield of cells was about 20 g per 16 1.
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Figure 2. Growth Curve of Cellvibrioc gilvus.

Absorbance at 540 my was measured by a Bausch and Lomb Spectronic

No. 20 Colorimeter. Composition of culture medium and method is

reported in text.
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Fractionation of cells:

All of the following manipulations were performed in the cold.
The cells were disrupted by somic oscillation for 45 seconds with
a Raytheon Sonic Oscillator, Model DF 101l at maximm output current
after resuspending the collected cells in standard buffer to a cell
concentration of 0.3 g wet cells per ml. The suspension of broken
cells was then centrifuged twice at 27,000 x g for 15 minutes. The
supernatant was centrifuged in a Spinco Model L Ultracemtrifuge at
100,340 x g for 60 minutes. The sedimented yellowish ribosomal
pellet was washed with standard buffer and recentrifuged at 108,000
x g in the SW-39 L rotor for 60 minutes. This washed ribosomal
pellet was suspended in standard buffer for the amino acid imcorporation
assay. The top two-thirds of the 100,340 x g supermatant was adjusted
to pH 5 with 1N acetic acid using pH paper, and the precipitate was
collected by centrifugation and dissolved in standard buffer, which was
adjusted to pH 7.8 with 1N KOH. This fraction is referred to as
"pH § fraction". Transfer-RNA was extracted from the 100,340 x g
supernatant with phenol by the procedure of Niremberg and Matthaei (1)
(see Figure 3). The t-RNA preparation was negative to the biuret
test and showed the characteristic adsorption spectrum of ribonucleic
acid im a Beckman DB Spectrophotometer with a maximum absorbance at a
wavelength of 260 mu (Figure 4). The concentration of t-RNA was
calculated by assuming 24A,5q to be equivalent to a t-RNA concentration
of 1 mg per ml (107). The cell fractionation procedure is summarigzed
in Figure 3.
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Figure 3. Schematic Representation of Cell Fractiomation Procedure.
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Figure 4. Adsorption Spectrum ef t-RNA Preparation, Isclated from
Cellvibric gilvus, in Beckman DB Spectrophotometer.

The t-RNA concentration used for this spectrum was 4 mg/ml.
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Amino Acid Incorporation:

Crystalline ATP (disodium salt), OTP (sodium salt), UTP
(sodium salt), CTP (cytidine triphosphate, sodium salt) were purchased
from P-L Biochemicals, Inc.; phosphoenolpyruvate (tricyclohexylammonium
salt) and phosphoenolpyruvate kinase from C. F. Boehringer and Soehne
Gnb H Mannheim; polyuridylic acid {3.9-7.1 S, ammonium salt) from
Miles Chemical Company; DL-phenylalanine-1-''C (0.10 mc/3.3 mg)
from New England Nuclear Corporation; DL-leucine-1-'*C (54.6 mc/mM)
from Volk Chemical Company; spermidine.3HCl, spermine.4HCl, and
putrescine.ZHCl from California Corporation for Biochemical Research;
deoxyribonuclease (beef pancreas) and ribonuclease (beef pancreas)
from Worthington Biochemical Corporation; chloramphenicol, a gift
from Parke, Davis and Company, Detroit, Michigan; actinomycin D,

a gift from Merck Institute, West Point, Pennsylvaniaj puromycin
(dihydrochloride) from Nutritional Biochemicals Company.

The standard incorporation system is summarized in Table 1.
The t-RNA, pH 5 emzyme, ribosome, polyuridylic acid (pely U) and ATP
plus ATP-generating system were added in that order into glass
tubes (13 x 100 nm). Incubation was started by the addition of the
Mo amino acid. Tubes were incubated for 30 minutes at 30° C, and
the reaction was terminated by the addition of 1 ml of 10%'trichloru—
acetic acid (TCA) solution. The tubes were then heated in a boiling

4
water bath for 15 minutes to solubilize any ! C-aminoacyl-RNA. The



Table 1. Standard Incubation Mixture

1 mg. ribosomal protein
1 mg. pH 5 enzyme protein
100 pmoles NH,Cl (ammonium chloride)
0.1 pc C-amino acid : Standard buffer
20 pmoles Tris-HC1 (pH 7.8) -
9 pmoles Mg (CH3000), (magnesium acetate)
70 pmoles KC1 (potassium chloride)
6 jmoles CH3CHoSH (mercaptoethancl)

2.3 pmoles ATP (adenosine triphosphate)
0.23 pmoles GIP (guanosine triphosphate) ATP plus ATP

0.23 pmoles CTP (cytidine triphosphate) generating System

0.23 pymoles UTP (uridine triphosphate) (prepared fresh and

5.6 pmoles PEP (phosphoenolpyruvate) brought to pH 7.8 with IN
320 pg pK (PEP kinase) KOH).

0«4 mg. polyuridylic acid
0.6 mg. t-RNA *

Final volume was 1.0 ml.

*Added in case of phenylalanine incorperation test only.
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precipitates collected after centrifugation and decantation were
washed twice with 2 ml of cold 5% TCA solution, hot TCA solution,

96% ethanol, ethanol-chloroform-ether (2:1:1) and finally ether.

The dried, washed precipitates were dissolved in concemtrated

formic acid, 0.3 ml per tube, plated omto aluminum planchets, dried
and counted in a Nuclear Chicago gas flow counter, with a counting
~efficiency of 17 +6%. Counts were corrected for background activity
and converted to jpumoles of Yo amino acid incorporated per mg of
ribosomal protein. Protein was detemined according to the method
of Folin-Ciocalteau using dialyzed bovine serum albumin as a standard
and also using the momograph (128) based om the extinction coefficients

at wavelength 260 mp and 280 ma (143).
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RESULTS AND DISCUSSION

Requirement for amino acid incorporation:

In Tables 2 and 3 are shown the regquirements for the
incorporation of 14C-leucine and "’B—phalylalanine, respectively,
into hot trichloroacetic acid (TCA) imsoluble material by the cell-

free system from Cellvibrio gilvus. They show the absolute requirement

for amino acid incorporatiom of ribosomes, pH 5 enzyme fractiom, ATP
plus ATP generating system and magnesium ions. These requirements are
similar to those previously reperted cell-free systems from various
sources, i.e., bacteria (E. coli, 84, 117, 118, 119; Bacillus cereus,
108; Bagillus brevis, 115), yeast (Saccharomyces fragilis, 122;
diploid of Saccharomyces fragilis and Saccharomyces dobzanskii, 111;
Saccharomyces carlsbergensis, 124; Saccharomyces cerevisige, 127),
mamsalian (rat liyer, 125; rabbit reticulocyte, 113; rat brain, 20;

rabbit brain, 217; higher plant {(castor bean seedlings, 19; peanut
and wheat embryo, 132; maize kernel, 133; spimach chloroplast, 134,
tobacco leaves, 137; tobacco leaves chloreplast, 135, 136), other

microorganisms (Euglena gracilis, 138; Crithidia oncopelti, 139). For

optimm incorporation guanosine triphosphate (GIP) and ammonium
chloride (NH,C1) were required. '*C-phemylalanime incorporation was
highly enhanced (thirteen-fold) by the addition of polyuridylic a‘eid

(poly U) in the presence of t-RNA from Cellvibrio gilwms. Addition of



Table 2

Requirements for '*C-Leucine Incorporation by the Cell-free System

Derived from Cellvibrio gilvus

Incorperation 1"63--1;431411'::hm Incorporation %
condition wumoles/mg.
ribosomal protein Incorporation

Complete system (30 min.) 31 100
Complete system (O min.) 0.4 1.3
~ATP plus ATP generating system 4.0 13

~GTP 13.3 43

-NH, C1 24.8 80
-~pH 5 enzyme fraction 1i9 6.1
~Ribosome 3 9.7

Composition of the reaction mixture is reported in Table l. The
reaction mixture was incubated for 30 minutes at 30° C.
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Table 3

Requirements for 1‘*t:‘e-l’heny].alast:‘ine Incorporation by the Cell-free

System Derived from Gellvibrio gilvus

Incorporation MC—Phenylalanine Incorporatioa %
condition mumoles/mg. ribosomal protein  Incorporation
Complete system (30 min.) 359 100
-Poly U 27 745
~t-RNA 123 34.3
-Ribosome 86 24.0
-pH 5§ enzyme fraction 62 17.3
++
~Mg (as acetate) 24 6.7
Composition of reaction mixture is reported in Table 1. The complete

incorporation System contains 0.4 mg. polyuridylic acid and 0.6 mg.

of t-RNA isolated from Cellvibrio gilwus.
incubated for 30 minutes at 30° C.

The reaction mixture was



14

t-RNA had no effect on C-leucine incorporation (data mot included),
14

whereas it stimulated C-phenylalanine incorporation in the presence

of polyuridylic acid.

Effect of some antibiotics, deoxyribomuclease (DNAase) and ribonuclease
(RNAase):

Table 4 contains the effects of several amtibiotics, deoxy-
ribonuclease (DNAase) and ribonmuclease (RNAase) on the wc—leucine
incorporation. Like all other cell-free systems [ animal, (125, 140,

20, 113); plant, (134, 133, 132, 137); microorganisms, (84, 115, 118,

139, 108, 111, 113, 122)], "¢ —amino acid incorporation was almost
completely inhibited by the addition of puromycin (97% inhibition by

the addition of 0.1 mg/ml) and ribonuclease (99% inhibition by the addition
of 0.88 mg/ml). Chloramphenicol, which is known to be inhibitory to cell-
free systems from bacteria, (118, 115, 84, 108) but not on yeast, (111,
122, 127), other microorganisms, (138), plamt, (132, 122, 142, 19) or
animal, (113, 20, 125, 21), showed moderate (64%) inhibition, which was
similar with E, coli cell-free systems (84). In some cell-free systems
from plant origin (133, 134, 137) chloramphenicol was reported to be
inhibitory. Spencer and Wildman (137) reported that amino acid
incorporation into a cell-extract from tobacco leaves was strongly
inhibited by the addition of chloramphenicol. They proved the

absence of intact bacterial contamination in the cell-free system but

did not check the contamimation of bacterial cell-free systems



Table 4

The Effect of Some Antibiotics, Ribonuclease and Deoxyribonuclease

on '“C-Leucine Incorporation

Incorporation 4C~Leucine Incorporation %
condition ygunoles/mg Ribosomal Inhibition
protein
Complete system 31 0
+ Chloramphenicol (0.1 mg/ml) 1 64
+ Puromycin (0.1 mg/ml) 1 97
+ Actinomycin D (0.1 mg/ml) 30 3
+ Ribonuclease (0.88 mg/ml) 0.4 99
+ Deoxyribonuclease (0.02 mg/ml) 29 6

Indicated amounts were in addition to the reaction mixture of the
complete system, whose composition is shown at Table 1. The reaction
mixture was incubated for 30 minutes at 30° C.



which might have been produced from contaminated bacteria during the
preparation procedures of the cell-free system of tobacco leaves
itself. Therefore, it is umcertain whether chloramphenicol imhibition
was due to bacterial contaminmation or to cell-free preparation of
tobacco leaves itself. Rabsom and Novelli (133) also reported chlor-
amphenicol inhibition on their cell-free preparation from maize
kernels, in which the chloramphenicol concentration required to
inhibit the incorporation process was ten-twenty times as great as
that required to inhibit protein synthesis in bacterial cell-free
systems. Both deoxyribonuclease (DNAase) and low concentrations of
actinomycin D have been kunown to have no significant effect on the
cell-free systems cited above. However, high concentration of
actinomycin D might cause mistakes in the translation of genetic

code due to its polyca‘;ionic character and similaxity with polyamines
and magnesium ions (109, 104).

Effect of ribosome concentration:

Figure 5 shows the effect of ribosomal protein concentration
on polyuridylic acid (poly U) directed mc-phenylalanine incorporation.
The incorporation was proportional to the amount of ribosomal protein
concentration over the range of 0-0.6 mg. Above 0.6 mg of ribosomal
protein concentration the linearity fell off and above 2 mg of
ribosomal protein concentration an increase in the amount of ribosomal

14
protein caused a decrease in (-phenylalanine imcorporation.



Figure 5. Effect of the ribosomal protein concemtration on poly-
14

uridylic acid-directed C-phenylalanine incorporation. Reaction

mixtures are reported in Table 1. Reaction mixtures were incubated

for 30 mimutes at 30° C.
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Non-linearity is probably due to the fact that polyuridylic acid
becomes limiting. The inhibition effect at high concentration of
ribosome may also be due to the fact that at high ribosomal concen-
tration the concentration of ribonucleases associated with the
ribosome may become significant (2).

In Figure 6 are presented the data for the effect of “pH 5
enzyme" (See Methods) on polyuridylic acid directed '4C#phenylalanine
incorporation. The M‘{::-plwnyil.a}.a.n:i.me incorporation was linearly
proportional to the amount of pH 5 enzyme protein in the range of
0-1.1 mg of protein. At higher concentrations of pH 5 enzyme, the
stimulatory effect decreased but no inhibition was observed over the
concentration range used in these experiments.

Effect of poly U and t-RNA concentration:

The j‘l"i‘.t--;phenyla].am‘.mzz incorporation was increased linearly over
the range of 0-0.3 mg of polyuridylic acid (Figure 7). A further
increase of polyuridylic acid concentratiom caused a slight inhibition
of incorporation. Recently So et al. (7) reported a similar inhibition
of phenylalanine incorporation on the cell-free ribosomal system
from E. coli by high polyuridylic acid concentrétions. This inhibition
was not due to a magnesium limitation because of the degree of
iphibition by high polyuridylic acid concentrations was greater with
increasing concentrations of magnesium ions. Jones et al. (8) and

Martin and Ames (9) reported that bacterial ribosomes require



Figure 6. Effect of the Concentration of pH 5 Enzyme Protein on

"'G—Phenylalanine Incorporation.

Composition of reaction mixtures is shown in Table 1. Reaction

mixtures were incubated for 30 minutes at 30° C.
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Figure 7. The Effect of Polyuridylic Acid (poly U) Concentration on

1%
C-Phenylalanine Incorporation.

The compesition of the reaction mixtures other than poly U, including
t-RNA 0.6 mg.per ml. of reaction mixture, is reported in Table 1.

Incubation temperature and time = for 30 minutes at 30° C.
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polyuridylic acid of chain length over 50 for significant phenyl-
alanine incorporation and that incorporation is inhibited by the
addition of short chain poly U. Poly U directed '*C~phenylalanine
incorporation (359}41nm1es per mg ribosomal protein) represented an
eleven—fold increase over natural m—RNA directed phenylalanine
incorporation (See Table 3). Presumably poly U forms polyribosomal
complexes more readily with ribosomes than natural m~RNA under the
conditions for amino acid incbrporation. To investigate the reason
for the low ™ leucine incorporation directed by natural m-RNA,
the effect of MS2 RNA (which was kindly donated by R. L. Kaman,
Department of Biochemistry and Nutrition, V.P.IQ), 6n this incorporation
system was checked. Addition of this MS2 RNA to the reaction mixture,
up to a concentration of 1.2 mg per reaction mixture, had no effect
on basal"#C-leucine incorporation. This result could be explained
by recent reports (5, 6, 89) using the cell-free E. coli ribosomal
system that the high speed supernatant fraction of E. coli contains
a factor which is required fbr polypeptide chain initiatioﬁ in
cell-free protein synthesis and that ribosomes must undérgo a reaction
prbmoted by thé stimulation factor before interacting with natural
m-RNA, whereas no such reaction is required fbr their interaction
with.poly Ue

The stimulatory effect of t-RNA could be observed only in the
presence of poly U (See Table 3), which is similar to other cell-free

systems (23, 140, 108, 144). Recently Hung and Overby (23), in their



experiment with E. coli, reported that the ribosomal system prior to
gel filtration contained endogeneous t-RNA and showed depemndence on
only m-RNA, whereas the preparation obtained from gel-filtration on a
Sephadex G-100 columm was depemdent on both t-RNA and m-RNA. However,
with our cell-free system, t-RNA had a stimulatory effect on poly U
directed phenylalanine incorporation, even though the enhancement of
incorporation with the iﬂcrease of t-RNA concentration was only two-
fold (Figure 8). Basal 1bﬁ-leucine incorporation was not effected by
the addition of t-RNA. This observation may possibly be ascribed to
the presence of endogeneous t-RNA in saturating quantities as a
contaminant in the cell—fm system. Generally, lack of response or
inhibition by any exogeneous components in cell-free systems has

been explained by variation in pool size. For example, Bretthauer et al.
(111) reported that in a non-preincubated system, t-RNA had no effect
on phenylalanine incorporation and Marcus and Feeley (146) showed a
stimulation effect of t-RNA in experiments using smaller amounts of
t-RNi. Variation of added t-RNA regmirement with each extract of

Bacillus cereus was pointed out recently by Kobayashi and Halvorson

(108). Decken and Campbell (145) reported am inhibitory effect of t-RNA
on incorporation of leucine and phemylalanine in a cell-free system
from rat liver. Inhibitory effect of excess t-RNA (124, 108, 127) and

deacylated t-RNA (147, 148, 151) on various cell-free systems have often



14
Figure 8. Effect of t-RNA Concentration on (-Phenylalanine

Incorporation.

Composition of incubation mixtures without t-RNA, including
polyuridylic acid 0.4 mg/ml of reaction mixture, is reported in

Table 1. Incubation time and temperature: 30 minutes, 30° C.
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been reported. So and Davie (122) suggested that t-RNA, isolated from
yeast and free of its terminal sequence -pCpCpA, inhibits incorporation
by competing for the activating enzyme, the transfer enzyme, or the
ribosomal site with t-RNA containing the intact terminal sequence

and the inhibitory effect is eliminated after reconstitution of the
terminal ~pCpCpA sequence. Maeda and Imahori (127) with their cell-free

system from Saccharomyces cerevisiae, demonstrated that the inhibitory

effect was due to the presence of the entire t-KNA molecule. Kobayashi
and Halvorson (108) suggested that uncharged t-RNA may inhibit amino acid
incorporation,for omission of the 20 umlabeled amino acids in their cell-

free system from Bacillus cereus reduced phenylalanine incorporation.

Kaji and Kaji (149) assumed that deacylated phenylalanyl-acceptor t-RNA
might attach at the binding site of phenylalamyl t-;RHA. Hardesty et al.
{151) reported that at the lower magnesiwa concentration binding to
reticulocyte ribosomes required a soluble enzyme together with guanosine
triphospbate (CIP). Very recently Nicholas and Comway (147) reported that
when the rate of phenylalanine incorporation is limited by the concen-
tration of GIP, deacylated t-RNA bms very inhibitory and inhibition
appears to be competitively reversed by GIP. In the preseant cell-free
system from Cellvibrio gilvus, where GTP was supposed to exist in
saturating amounts, it would be supposed that in poly U directed MG—'
phenylalanine incorporation de novo amimo acid inmrpcrgtion occurs far

. %
more actively tham in the basal : C-leucine incorporation system. Thereby,
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additional t-RNA brings about emhanced wc—phenylalanine incorporation,
whereas wc—inearporatien systems lack the stimulatory effect by the
additional t-RNA. The low stimmlatory effect of t-RNA on WG—
phenylalanine incorporation may be due to the contaminated endogemeous
t-RNA associated with the ribosomal and/or pH 5 enzyme preparation.

In wc—leucine incorporation systems, the absence of the inhibitory
effects of additional t-RNA may be due to the presence of saturating
amounts of amino acids, (8ee paragraph, Effect of complementary amino
acid mixtures)and CTP.

Effect of magnesium ion concentration:

All cell-free amino acid incorporation systems contain
magnesium ions. The requirement of a critical concentration of
nmagnesium ions for cell-free amino acid imcorporation has been shown
for mamy cell-free incorporation studies [bacteria, (108, 115, 118,
119, 152); plant, (19, 132, 137); yeast, (111, 122, 131); animal, (120,
128, 129, 130, 155); other microorganisms, (138, 139)]/ The optimum
concentration range of magnesium ioa in those cell-free systems lies
between 0.005 and 0.015 M, apparently depending upon the comcentration
of polyamimes (111, 123, 143) and their endogeneous pool sisze. As
shown in Figure 9, there was a narrow range of magnesium acetate
concentration (0.01-0.015 1) for optimal amino acid incorporation with
the Cellvibrio gilvus cell-free system.




Figure 9. Effect of Magnesium Acetate Concentration on %e-

Phenylalanine Incorporation.

Standard buffer used all through this test contained 0.001 M of
magnesium acetate and this magnesium acetate concentration in
standard buffer was included in the indicated concentrations of
magnesium acetate in this figure. Other compositions of the reaction
mixtures are the same as reported in Table 1. The reaction mixture

was incubated for 30 minutes at 30° C.
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Bacterial ribosomes prepared in media containing a concentration of

magnesium ions 1072 M are predominantly in the 70 S form (143).

Magnesium ions are reported not only to influence the association of

the sub-units of the ribosomal particle (13, 143) but also effect the

helical structure and conformation of the ribonucleic acids, thereby

altering the interaction of t-RNA, m-RNA, and ribosomes (116).

Effect of the alteration of the amount of ATP plus ATP generating system:
Figure 10 shows the effect of the concentration of ATP plus

ATP~generating system on wC—-leucine incorporation. One ml of this

ATP plus ATP-generating system contains 23 pmoles of ATP, 2.3 pmoles

of GTP, 2.3 pmoles of CIP, 2.3 pmoles of UTP, 56 pmoles of phosphoenol-

pyruvate (PEP), and 3.2 mg of phosphoenolpyruvate kinase (pK). The

ATP-ATP generating system exhibited a sharp maximum for a wvalue at 0.1

ml. Previously Allen and Schweet (113) reported that when the magnesium

chloride level was kept at twice the ATP level, the inhibition effect

of high ATP levels was much less. In the present cell-free system

the ratio of optimum ATP concentration to the optimum concentration

of magnesium acetate was 2.3 x 10~3 M: 10 x 10>

M; i.e., 5:1. Uemura
et al. (115) reported the optimum ratio on their cell-free system from
Bacillus brevis to be 5 x 1073 Mz 5 x 1073 ; i.e., 1:1. This ratio
may be influenced by the endogeneous pool size of these components.
Inhibition by high levels of ATP is generally attributed to the removal
of Mg“' through formation of ATP complexes, thereby effecting RNA and

ribosome structure (53). !
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Figure 10, Effect of ATP and ATP Cenerating System on % c-Leucine

Incorporation.

One ml of the ATF-ATP generating system contained 23 pmoles of ATP,
2.3 pmoles of GIP, of CTP, of UTP, 56 pmoles of phosphoenolpyruvate
{PEP), and 3.2 mg of phosphoenolpyruvate kinase {PK). Imcubation
mixtures other than this system are the same as those reported in
Table 1. The reaction mixtures were incubated for 30 minutes at

30° C.
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Effef:lt of polyamines:

Various kinds of polysmines are kmown to be mormal constituents
of ribosomes and have been suggested to have a physiological role in
maintaining the stability or function of ribosomes (13, 14, 15, 153).
For example, E. coli ribosomes comtain 1,3-diaminopropane, putrescine,
and cadaverine (14); putrescine and spemmidine (13); putrescine,
spermidine, cadaverine and a trace of spermidine (114); rat liver
ribosomes contain 1,3-diaminopropane, cadaverine, and spermine (14);
ribosomes from rat and guinea pig livers and guinea pig and calf
pancreas contain spermine (110). The stimulatory effect of low
concentration of polyamines on various cell-free systems have been

reported (E. coli, 94, 99; S. typhimmrium, 17; Bacillus cereus, 108;

yeast, 111, 158; rat liver, 93; Crithidia oncopelti, 139 (stimulation

by spermidine and putrescine and inhibition by spermine)). On the
other hand, high concentrations of polyamine inhibited cell-free
systems {bacteria, 17; yeast, 111; rat liver, 93; mouse ascites
leukemia cell, 112, 92). Martin and Ames (17) suggested that the
polyamines, spermidine and putrescine stimulate the incorporation of
amino acids into acid precipitable material by increasing the fraction
of 100 S ribosomes, which were reported by Spyrides and Lipmann (85)
to be primarily responsible for amino acid incorporatiom in E. coli.
Other reports also suggested the stabilization of 100 S particles by

polyamines (13, 14, 15, 18, 153). Recently Moller and Kim (18)



reported, in an experiment with a ribosomal system derived from
Pseudomonas that at low magnesium ion concentrations, the addition of
putrescine stimulated poly U primed protein synthesis and further
addition of putrescine resulted in no additional stimulation, whereas
putrescine inhibited leucine incorporation at low comcentrations of
magnesium ions, and this inhibition effect was prevented by increasing
the magnesium concentration. In the cell-free system from Cellvibrio
ilvus, in which 0.5 pmoles/ml each of spermidine, spermine, and putrescine
were tested, all polyamines had a slight stimulatory effect on poly U
directed phenylalanine incorporation and no significant effect on leucine
incorporation under the magnesium ion concentration of 9 pmoles/ml (Table 5).
The different effect of polyamines on endogeneous m-RNA directed mc—
leucine and poly U directed Ml'(:-phen:fylalan:‘me incorporation may be
supposed to be due to mainly the difference in the degree of interaction
among m~RNA, t-RNA, and ribosomes in two Systems. gpome previous reports
can be cited as supporting this point of view (18, 62, 92, 99). For
example, Mager et al. (99) found negligible stimulation in the cell-free
systems from E. coli, where m-RNA was limiting. The slight stimulatory
effect of polyamines on poly U directed wc-phenylalanine, where the
concentrations of t-RNA and of poly U were not limiting, agrees with
the observation of Ochoa and Weinstein (52) that high corcenmtrations
of poly U or t-RNA relieved spermine-induced inhibition. Therefore,

high concentrations of polyamines may interact with m-RNA and t-RNA.



Table 5

Effect of Polyamines on uc’éﬁleucine and ’#C-Phenylalanine

Incorporation
‘s 1% . 14 X
Condition C-phenylalanine C-leucine
Incorporation Incorporation
Incorporation % Incorporation %
pumoles Stimulation  jgumoles Stimulation
*Complete system 359 0 31 0
+ Spermidine 488 40 31 0
+ Spermine 668 90 35 10
4+ Putrescine 460 30 25.1 -20

*Composition ¢f complete system is reported in Table 1. In case of
phenylalanine, complete system contained poly U (0.4 mg/ml) and t-RNA
(0.6 mg/ml). The concentration of each polyamine added was 0.5 pmoles
per one ml of reaction mixture. Reaction mixtures were incubated for
30 minutes at 30° C.



thereby inhibiting their normal functions (92). Felsenfeld (72)
suggested a strong interaction between spermine and the phosphate
backbone of various polynucleotides, both synthetic and natural.

Ochoa and Weinstein (92) concluded from their experimental observation
that if Felsenfeld's assumption is true, then the phosphate groups of
RNA contained in microsomes were not as accessible to spermine as were
the phosphate groups of poly U or t-RNA. Polyamine, like magnesium
ions, may shield and neutralize the negative charges of phosphate back-
bone of RNA, thereby increasing the stability of codon bonds and
enhancing protein synthesis. However, high concentrations of polyaming
might cause excessive stability of the codqn bond and thereby impede
the sequential transcription of m-RNA (92). Polyamine functions were
reported not to be replaced entirely by magnesium (18, 111).

In contrast with our system, other cell-free systems showed
different response with different polyamines to stimulation or
inhibition effect. For example, Martin and Ames (17) with their
cell-free systems, S. typhimurium observed the stimulation effect with
a spermidine-putrescine combination but not with Spermine, spermime plus
putrescime, or spermidine plus spermine. Recently Chesters (139)
reported an inhibition effect of spermine on the cell-free system from

Crithidia oncopelti despite the stimulatory effect of the polyamines,

putrescine and spermidine.



Effect of complementary amino acid mixtures (19 unlabeled amino acids):

The effect of 19 complementary-unlabeled amino acid mixtures
(alanine, phenylalanine, aspartic acid, arginine, cysteine, glutamine,
glutamic acid, glycine, histidine, cystine, isoleucine, lysine,
rethionine, proline, serine, threonine, tyrosine, tryptophan, and
valine) on mc—leucine incorporation is reported in Figure 1l.

Additional exogeneous complementary amipo acid mixtures imhibited mc—
leucine incorporation, and as the concentration of the complementary
amiro acid mixtures increased, tﬁe inhibitory effect was increased. The
depression effect by complementary amino acid mixtures on amino acid
incorporation was previously reported by Barnett et al. (124) on cell-free

system from yeast (Saccharomyces carlsbergensis) and by Allen and Schweet

{113) on the cell-free system from rabbit reticulocyte at high levels of
the concentration of the complementary amino acid mixtures. Similar
failure to observe stimulation by complementary amino acid mixture

has been reported for other cell-free systems from various origins
[yeast, (111, 122, 127, 121); mammualian, (20); higher plamts, (132, 137);
E. coli, (118)], whereas some cell-free systems reported the stimulation
effect of the complementary amino acid mixtures [hacteria s (108); plant,

(19); insect, (123}}. Accordingly, the Cellvibrio gilvus cell-free system

appears to contain each of the endogeneous amino acids in saturating

amounts and a further addition of complementary amino acids inhibits

14
C-leucine incorporation. whether the inhibition effect of additiomal



Figure 11. Effect of the Variatiom of the Concentration of
Complementary 12C_smino Acid Mixtures on ''C-Leucine Incorperation.

Indicated amino acid concentration represents pmoles of each of
the nineteen complementary amino acids (see text) in the amino acid |
mixtures. Other incubation mixtures are the same as reported in

Table 1. Incubation mixtures were incubated for 30 minutes at 30° C.
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complementary amino acid mixtures could be eliminated by the addition of
t-RNA was not tested. Previously Kobayashi and Halvorson (108) suggested
that the omission of the 20 unlabeled amino acids in poly U-directed
phenylalanine incorporation may be due to the inhibition effect of
uncharged t-RNA. In a cell-free system where active de nove protein
synthesis occurs, the umcharged t-RNA liberated may be charged again

by the saturating amounts of amino acids. However, as discussed

before, GTP has also been reported to be a factor in preveanting the
inhibition of deacylated t-RNA. Therefore, several factors seem to

be interrelated in a complicated pattern.

Effect of ammonium ion concentration:

Monovalent cations have been shown to be required for optimm
incorporation in most cell-free amino acid incorperation systems of
microbial origin (10, 11, 12, 52, 108). Iubin and BEmnis (10),

Spyrides (11), and Comway (12) reported that ammonium ion was more
effective than the potassium ion or the sodium ion in stimulating amino
acid incorporation on the cell-free system from E. coli. Spyrides (11)
reported that ammonium ion was the most effective in inducing association
of phenylalanyl t-RNA with the ribosomes in the presence of poly U,

and potassium ion was found to be almost half as active as ammonium

ion. In other cell-free systems, the stimulation effect of ammonium

ion has been reported (Spinach chloroplast, 134; rat muscle, 16).
Campbell et al. (20), however, reported they could not observe the



stimulation effect by ammonium ions, with their cell-free system from
rat brain. Figure 12 shows the effect of ameonium ion concentration
on mC—leucine incorporation. The optimm concentration of ammonium
chloride was 0.1 M. The wc-leucine incorporation was greatly inhibited
by high ammonium chloride concentration, for example, leucine incor-
poration at 1 M NH,Cl was 16% of the optimm concentration. The
inhibition effect of high ammonium ion concentration on mc—lmine
incorporation is not clear. So et al. (7) reported that at optimm
concentrations of magnesium ion and ammonium ion for phenylalanine
incorporation, only a very small amoumt of leucine, and mo isoleucine
was incorporated, but at higher magnesiwn concentrations, phemylalanine
incorporation was only slightly stimulated, whereas leucine incorporation
was markedly stimulated by increasing the ammonium ionm concemtratioms.
Therefore, it seems likely that the inhibition effect of high concen-
trations of ammonium chloride might be related to the envirommental
effect on code assignment.
Effect of the variation of pH:

Figure 13 presents the effect of the variation of the pH of
the incubation mixture on the Wc-leucine incorporation. In the pH
range 5.5-6.0 no increase in incorperation was observed. From around
pH 6.0 the incorporation increases as pH incresses, reaching maximum

around pH 7.8. This finding was very similar with that for a cell-free

14
C-l-valine incorporating system from E. coli (84).
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Figure 12. Effect of the Concentration of Ammonium Chloride on

1% . .
(-Leucine Incerporation.

Conmon logarithm of ammonium chloride concemtration in pmoles per ml
of reaction mixture was taken in the representation of ammonium

chloride concentration. Composition of reaction mixtures other than
ammonium chloride are the same as represented in Table 1. Reaction

mixtures were incubated for 30 minutes at 30° C.
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Figure 13. pH Effect on (-Leucine Incorporation.

Composition of the reaction mixtures is showm in Table 1. To each
incubation tube was added small portions of IN KOH {or 1 N HCL)
solution and the pH was measured by wusing Corning pH Meter Model 12.

Reaction mixtures were incubated for 30 minutes at 30° C.
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Effect of the variation of incubation temperature:
The optimum incubation temperature for *¢-1eucine incorporation
was 30° C (Figure 14). Above 30° C there was a rapid imhibition of

incorporation. The optimun temperature of the Cellvibrio gilvus

cell-free system was rather higher than the optimum temperature

(about 25° C) of Saccharomyces carlsbergensis (124), a yeast. The
incubatioﬁ temperature of E. coli (118) and mammalian systems (113, 20)
were usually rumn at 37° C.

Time course for Wc-le%.tm'.ne incorporation:

Figure 15 shows the time course of mc—leueine incorporation.
M'(}—Lewzims incorporation increased linearly up toZ2D-25 minutes and
plateaued at thirty minutes. The incubation temperature was 30° C.
This time course is similar with the rat liver system (125) and'a
little faster than the E. coli system (118). The reason for the
amino acid incorporation stopping after a certain incubation period
{usually 30-60 minutes) has not been definitely established. It does
not seem to be due to the imactivation of any stimulatory factors
which have been reported to be present in the high-speed supernatant
or any other soluble factors from certain species. This leveling off
may be due to the inactivation of the ribosomal particles on longer
incubation because the addition of supermatant to a reaction mixture

containing crude extract during incubation had no effect on the



14
Figure 14. Effect of the Variation of Incubation Temperature on C-

leucine Incorporation.

Composition of the reaction mixture is shown in Table 1. Incubation time

was 30 minutes.
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14
Figure 15. Time Course of C-Leucine Incorporation

Oomposition of the incubation mixtures is shown im Table 1.

Incubation temperature was 30° C.
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incorporation according to several reports (maize kernel, 133; E. coli,
118; hemoglobin, 113). Tissiere et al. (118) assumed that the
incorporation failure with longer incubation of the reaction mixtures
was due to the failure to release completed chains. Rabson and Novelli
(133) reached a conclusion similar to that of Tissiere gt 21. They
suggested that particles may have a limited number of sites available
for incorporation and perhaps the cessation of incorporation might be

a consequence of filling the limited sites in the absence of an enzyme
or factor to remove the newly-formed protein. lLater, however, Allen and
schweet (113) disagreed with their idea on the grounds that no evidence
for ribosome breakdown was found in their cell-free system from rabbit
reticulocyte and that ribosomes with decreasing ability to incorporate
amino acids could still release completed chains. They suggested that
the depletion or loss of a ribosomal component in the process of amino
acid incorporation would be the cause of the cessation of incorporation.
However, it can be assumed that if m-RNA could be supplied continuously
and the integrity of the polyribosomes could be maintained, the protein
synthesis would continue for a prolonged period. Endogeneous ribo-
miclease may be the cause for the degradation of ribosomes. This
cessation of incorporation can be one of the criteria for dis-
tinguishing between cell-free and in vive systems. The limiting

factor(s) in cell-free systems have not yet been clarified in detail.



- 79 -

The following observations can be cited as the evidence that
amino acid incorporation is due to cell-free systems and nmot due to
contaminated intact whole cells: (1) Time course of the incorporation
reaction is different from bacterial growth curves (Figure 2), (2) Abso-
lute requirement of exogeneous emergy sources (ATP plus ATP generating
systems), {(3) Strong inhibition effect of RNAase, (4) Incorporation
reaction is highly dependent on critical amowunts of magnesium con-
centration, (5) Almost complete inhibition by puromycin. The optimum
temperature (30° C) of cell-free systems coincided with the optimum
temperature fer‘bacterial growth. The cell-free system derived at the
initiation point (0.D., 052) of log phase of bacterial growth was the
most active,and the cell-free system derived at the plateau had far

less incorporating activity.
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Vii. SUMMARY

A ribosomal system has been derived from Cellvibrio gilwvus which

is active with respect to amino acid incorporation into hot trichloro-
acetic acid-insoluble material. Optimal incorporation systems showed

a requirement for_ ribosomes, pH 5 enzyme protein, ATP plus ATP-
generating system, magnesium ion, ammoniwm ion, and GIP. mc—-
Phenylalanine incorporation was stimulated by poly U in the presence

of t-RNA which has been derived from this bacterium. The t-RNA had

some activation effect on poly U-directed wﬁ—phenylalanine incorporation,
whereas no effect on natural m—-RNA primed mG—leucine incorporation

was observed. A complementary unlabeled amino acid mixture inhibited

1 1%
C-Leucine incorporation was greatly

“C—leucine incorporation.
inhibited by RNAase and puromycin, moderately inhibited by chlor-
amphenicol, but not effected significantly by DNAase and actinomycin D.
The optimm pH and temperature for “C-leucine incorporation were 7.8
and 30° C, respectively. Polyamines (putrescine, spermine, and
spemiéine) had a slight stimulatory effect on poly U-directed "’c—

1%
phenylalanine incorporation, but no effect on (-leucine incorporation.
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DEVELOPMENT AND CHARACTERIZATION OF CELL-FREE AMINO ACID INCORPORATION
SYSTEM> FROM CELLVIBRIO GILVUS

ABSTRACT
Thong Sung Ko
1%
A cell-free system which was active with respect to C-amino
acid incorporation into hot trichloroacetic acid insoluble material

was derived from Cellvibrio gilvus and characteristics of the cell-

free system of amino acid incorporation were investigated. This

cell-free system for wc—anﬁm acid incorporation was typical in its
requirement for ribosomes, pH 5 enzyme proteins, a critical concen-

tration of exogeneous source of adenosine triphosphate (ATP) plus
ATP-generating system and of magnesium ions (0.01-0.0I5M in WC-
phenylalanine incorporation) and in its inhibition by ribonuclease and
puromycin. For optimum incorporation guanosine triphosphate (CIP) and
optinum concentration of ammonium ions (100 mM in wc—-leucine incorporation)
were required. Moderate inhibition (64% inhibition in uC—-leucine
incorporation) by chloramphenicol, no significant effect by actinmomycin

D and deoxyribonuclease on MIP(}-lem.::i.xm incorporation was observed.

Omission of poly U inhibited mc—phenylalanine incorporation about 93%

in the presence of an exogeneous source of transfer ribonucleic acid
(t-RNA). Addition of t-RNA doubled 1"y(.‘:--plxeny?).eﬂ.am:i,nfx’: incorporation,

in the presence of polyuridylic acid, but had no effect on basal wc—-

leucine incorporation. At a concentration of 0.5 pmoles each of these

polyamines (spermidine, spermine, and putrescine) per ml of reaction



mixtures, there was no noticeable effect on l‘*tt:--ls*.-.m::i:ne: incorporation,
whereas a slight stimulation effect was observed on Wc:-phmy‘,rlaa..l:mine
incorporation. Slight inhibition of mc—-leucine incorporation by a
mixture of complementary nineteen unlabeled amino acids was

observed. Optimmm pH and optimum temperature for this cell-free
system of mC——leucine incorporation was about 7.8 and 30° C.
m(‘rl.eucine incorporation continued at undiminished rate for 30

pinutes.





