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A preliminary report of the biosynthesis of
the M-protein by nonproliferating group A
hemolytic streptococci was presented by Fox
and Krampitz (1954). The M-protein is the
somatic antigen which confers type specificity
upon group A streptococci (Lancefield, 1940).
The experiments presented now represent an
attempt to define some of the conditions which
are required for synthesis of M-protein.

The technique employed was to remove the
M-protein from the surface of the streptococcal
cells with Wrypsin and to study the factors re-
sponsible €or the de novo synthesis of the protein.
This approach was suggested by the experi-
ments of Lancefield (1943) which showed that all
traces of the M-protein were removed by trypsin
or pepsin and that such streptococci remained
viable and virulent for mice. Injection of these
treated streptococci into mice gave rise to cells
with a normal amount of the specific M-protein.
The M-protein could also be restored by directly
subculturing trypsin-treated streptococci into
fresh broth.

One might infer from Lancefield’s experiments
that the resynthesis of the M-protein in vivo
or in vitro was associated with cellular multipli-
cation. In the experiments to be discussed, how-
ever, M-protein synthesis was initiated in nutri-
tionally incomplete media in the absence of
apparent multiplication; furthermore, bacterio-
static concentrations of penicillin did not in-
hibit the synthesis.

MATERIALS AND METHODS

Streptococci. Group A B-hemolytic streptococci,
types 14 and 24, isolated from patients with

1 This investigation was conducted under the
sponsorship of the Commission on Streptococcal
Diseases, Armed Forces Epidemiological Board,
and supported by the Offices of The Surgeon Gen-
eral, Department of the Army, Washington, D. C.

2 Present address: 9766th Technical Unit,
Chemical Corps, Camp Detrick, Frederick, Mary-
land.

respiratory infections at the Streptococcal
Disease Laboratory, Warren Air Force Base,
Wyoming, were used in these studies.

A stock supply of frozen streptococci was
maintained in vials containing brain-heart in-
fusion (henceforth referred to as BHI) and 2
per cent defibrinated sheep blood. The contents
of one of these vials containing 1 ml were added
to 12 ml of BHI and incubated at 37 C for 12
hr. The latter 12-ml culture was used as an
inoculum for larger volumes of BHI varying
from 200 to 400 ml incubated at 37 C for 14 hr.

Antisera. Type-specific anti-M sera were pre-
pared in rabbits with heat-killed streptococci
according to the procedure of Lancefield (1947).

Trypsin. Initially, experiments were performed
with a crude trypsin preparation called, “Trypsin,
1-300” obtained from Nutritional Biochemical
Corp., Cleveland, Ohio. In later experiments
twice crystallized trypsin containing 50 per cent
MgSO, (obtained from the same company)
was employed.

Trypsin inhibitor. Five times recrystallized
soybean trypsin inhibitor obtained from the
‘Worthington Biochemical Corp., Freehold, New
Jersey, was used to inhibit the residual trypsin.

Amino acids. Acid hydrolyzed casein was used
a8 a source of amino acids. This material, ob-
tained from the Nutritional Biochemical Corp.
as a 10-per cent solution of “vitamin-free” acid
hydrolyzed casein, was evaporated to a syrup
on a steam bath under a stream of air to remove
some of the hydrochloric acid. The syrup was
dissolved in water, neutralized with 20 per cent
KOH, and treated with a small amount of ac-
tivated charcoal to remove colored material.
The concentrated solution was diluted to the
original volume and stored in the refrigerator.
Before use, aliquots were heated on a steam bath
to redissolve any precipitated amino acids.

Polypeptides. A 100-ml solution of 10 per cent
Casitone (a pancreatic digest of casein prepared
by Difco) was dialyzed against running tap water
for 48 hr. A small amount of toluene was added as
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a preservative. The nondialyzable material was
further dialyzed against 4 or 5 L of distilled water
for another 48 hr. The residue was concentrated
to a small volume on a steam bath under a stream
of air and dialyzed once more against distilled
water for 24 hr. Insoluble material was removed
by centrifugation and the soluble fraction was
lyophilized. Ten grams of Casitone yielded 400
to 500 mg of “polypeptide” material. Longer
dialysis resulted in only slightly smaller yields.

Preparation of streptococct for M-protein syn-
thesis. In a typical experiment the bacterial cells
from 300 ml of a 14-hr culture were removed by
centrifugation and suspended in 100 ml of 0.01 M
NaHCO, containing 2.5 mg of crystalline trypsin
and incubated in a 37 C water bath with oc-
casional stirring for 30 min. After digestion with
trypsin, the cells were centrifuged and washed
twice with 150 ml of 0.05 M sodium phosphate
buffer, pH 7.0, to free them of trypsin. In spite of
these two washings, traces of trypsin were car-
ried along either as insoluble material or ad-
sorbed to the cells. Additional washings did not
remove the trypsin. To prevent the residual
trypsin from interfering with subsequent pro-
tein synthesis, soybean trypsin inhibitor (2.5 mg
per 35 ml) was added to the various media in
which the streptococci were resuspended. After
trypsinization and washing, the suspension was
divided into 6 equal portions and each was used
for a separate experiment.

Most of the M-regeneration experiments with
trypsinized cells were carried out for 3 hr at 37
C. At the end of this time the cells were removed
by centrifugation and suspended in 0.7 ml of
0.2 N HCI containing 0.9 per cent NaCl and
heated in a boiling water bath for 10 min to
solubilize the regenerated M-protein. The M-pro-
tein content of neutralized acid extracts with
specific antisera was measured by the capillary
precipitin method described by Swift, Wilson
and Lancefield (1943). The precipitin reactions
were graded from negative to plus four; doubtful
reactions were given the notation, “.”

Manometric measurements. Large Warburg
vessels (135 ml) were employed for mano-
metric experiments because it was observed that
fluid volumes less than 15 or 20 ml had an in-
hibitory effect on M-protein synthesis although
respiration and fermentation were not so af-
fected. The cells harvested from 50-ml aliquots
of BHI were treated with crystalline trypsin
and washed as previously described. These cells
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were suspended in 2 ml of distilled water in the
side arm of the cups and tipped into 33 ml of
fluid in the main compartment. At the end of a
manometric experiment the cells were removed
and the M-protein extracted. Rapid shaking
also had an inhibitory effect on M-protein syn-
thesis. This inhibition was overcome by decreas-
ing the amplitude of the shaking apparatus to
about one-third of the normal distance. Under
these conditions the equilibration of gases for
manometric measurements was only slightly re-
tarded. The inhibitory effect of rapid shaking
could not be explained.

Lactic acid was measured by the method of
Barker and Summerson (1941).

Optical density determinations on cell sus-
pensions were performed with a Klett-Summer-
son photoelectric colorimeter with a 660 my filter.

RESULTS

The effects of trypsin on the M-protein, growth,
and viability. Two-thirds of a 200-ml culture of
type 14 streptococcus were treated with crude
trypsin and washed as described. The other one-
third was retained on ice as an untreated control.
One-half of the treated cells was stored on ice as a
treated control. The other half was suspended in
75 ml of BHI containing 5 per cent defibrinated
sheep blood and incubated at 37 C for 90 min.
At the end of the incubation period extracts were
prepared from each of the three portions of
streptococci and assayed for their M-protein
content. The results of such an experiment are
shown in table 1. It can be seen that during the
90-min incubation the M-protein was almost re-
stored to the concentration associated with un-
treated cells.

TABLE 1
Synthesis of the M-protein in blood broth
o Precipitin | precioisi
P i R ipitin
e, (R G| Topei, | roniioton
tgen Dilu Untreated Reu.ineed Cel Incull:;ated
on Ice O
Undiluted | ++++ . +4+++
1:10 ++ - ++
1:100 + - -
1:1000 - - —

Type 14 streptococci were treated with 0.05%
crude trypsin in 0.02 M phosphate, pH 7.5, and
washed. No trypsin inhibitor added to resuspend-
ing media.
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TABLE 2
Cell growth and M-protein synthesis in BHI
ORKietc Doty | “adRiuted Bxeract’
I‘:“:'.ll‘lb..tmn Cells Cells
me Trypsin | yrigreq | Topsin | oy
treated | yith boiled| teated with boled
Min
0 46 30 - ++++
30 63
60 79 50 | +++ | ++++
90 81
120 9 | 5 | ++ | ++++
180 75 57 + | ++++

Type 14 streptococei treated with trypsin, ete.,
as in table 1.

* Trypsin solution was boiled 5 min just prior
to use.

The same type of experiment was repeated
without blood in the BHI broth so that density
changes could be measured during the course of
the experiment. Cells incubated in a boiled trypsin
solution were used as a control. The results are
given in table 2. The optical density figures show
an approximate 2-fold increase after 60 min. The
net change was about the same whether trypsin
or boiled trypsin was used. In the test where un-
treated trypsin was used, the greatest amount of
M-protein was detected at the end of 1 hr. After
that time, the amount of M-protein gradually de-
creased, probably due to the presence of residual
trypsin which gradually destroyed the M-protein
as it was synthesized. In later experiments this
effect was eliminated by the use of trypsin in-
hibitor.

Influence of amino acids on M-protein syn-
thesis. The preceding experiments demonstrated
that the M-protein could be resynthesized on the
streptococcal cells in a relatively short time when
the organisms were growing under optimal con-
ditions.

The influence of amino acids on the M-protein
synthesizing system was next studied. Acid
hydrolyzed casein with glucose as an energy
source, with or without a supplement of purine
and pyrimidine bases, did not support M-protein
synthesis. Therefore, a semisynthetic medium
was prepared from components suggested by a
number of investigators who have studied the
nutritional requirements of the hemolytic strep-
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tococei (Mecllwain, 1940; Bernheimer et al.,
1942; Slade et al., 1951). The composition of this
medium is given in table 3. The organisms grew
rather slowly in this medium although large inoc-
ula were used. The effect of the various com-
ponents of this medium was studied. The results
are summarized in table 4. The resynthesis of the
M-protein occurred only in a complete medium.

TABLE 3
Components of the semisynthetic medium
Components Amount per Liter
Solution I
Glucose (anhydrous).......... 25.0 gm
Solution II (Salts A)
NHCL........covviiaa 2.0 gm
KH3P04 ....................... 1.2 gm
KsHPOy.ooovoveeeeiiiien 1.2 gm
Solution III (Salts B)
MgSO«7THO. ...t 0.4 gm
FeSO¢THO...ccovvoiinuet 0.02 gm
MIISO4'4H30 .................. 0.04 £gm
NaCl...oooooviiiii 0.02 gm
Solution IV (‘‘AGUX’’)
Adenine.............. ... ... 20.0 mg
Guanine...................... 20.0 mg
Uracil...........ooooieiiit 20.0 mg
Xanthine hydrochloride. ...... 20.0 mg
Solution V (Vitamins)
Thiamin hydrochloride. . ...... 1.0 mg
Pyridoxine hydrochloride...... 2.0 mg
Pyridoxamine hydrochloride... 0.6 mg
Pyridoxal hydrochloride....... 0.6 mg
Calcium pantothenate......... 1.0 mg
Riboflavin................ e 1.0 mg
Nicotinic acid................. 2.0 mg
Para-aminobenzoic acid. .. .. .. 0.2 mg
Biotin................... ... 0.002 mg
Folicaeid..................... 0.02 mg
Bu ............................ 0.75 Bg
Solution VI
Glutathione................... 2.0 mg
1-Glutamine................... 100.0 mg
Solution VII
Amino acids (acid hydrolyzed
casein; see Materials and
Methods).................... 10.0 gm

The medium was prepared in double strength,
steamed for 15 min, filtered to remove a slight
precipitate which formed upon heating, and made
up to full strength. The pH was adjusted to 7.3
before autoclaving for 15 min for final ster-
ilization.
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Under these conditions there was a small increase
in optical density during a 4-hr incubation
period.

The specificity of some amino acids in M-protein
synthesis. The question then arose whether all
the amino acids essential for the growth of strep-
tococci or only those amino acids known to be
present in the M-protein were required for syn-
thesis of M-protein. It was previously shown by
Fox and Krampitz (1953) that in various types
of streptococci the M-protein contained little or
no aromatic amino acids. The M-protein prep-
arations did contain relatively large amounts of
lysine and isoleucine. Both of these amino acids as
well as tryptophan and phenylalanine were
among 15-essential for the growth of hemolytic
streptococei in a synthetic medium (Slade et al.,
1951). The resynthesis of the M-protein of strep-
tococei should be contingent upon only those
amino acids present in that protein and omission
of aromatic amino acids from the resuspending

TABLE 4
Components required for M-protein synthesis from
free amino acids

Experi Ini: lm
ment Medium pation | sl [Dens| sction,
Time | gty | 51tV | Juted
Extract
Min
1 Complete 240 | 33 | 40 [+++
2 | Lackingsolution VII| 240 { 33 ( 35 [ —
(amino acids)
3 | Lacking solution I | 240 |31 {31 ] —
(glucose)
4 | LackingsolutionIV | 180 | 34 | 36 | +
(AGUX)
5 | Lacking solution V | 180 | 29 | 32 | +
(vitamins)
6 | Lacking solutions | 200 +
IVand V
7 | Lacking solutions | 200 =+
IVand VI (AGUX
and GSH)
8 | Lacking solutions | 200 +
IV, II, and III
(AGUX and salts
A and B)

For each experiment, type 14 streptococci
from 75 ml brain-heart infusion treated with crude
trypsin as in table 1 and suspended in 100 ml of
each medium. See table 3 for description of solu-
tions.
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TABLE 5
The specificity of four amino acids in M-protein
synthesis
Incu- | I |Fing)| Precipitin
Medium and Supplement b:g(:n [';':,]J_ D‘g- %ﬁﬁ?ﬁ?ﬁ&
Time | ‘Gey | SitY | “Extract
‘ Min T
Tryptophan assay me-
dium................ 150 [ 69 [ 75 | ++4
Phenylalanine assay me-
dium................ 180 +4++
Lysine assay medium
No lysine.............. 150 | 75 | 75 +
10 mg l-lysine.......... 150 1 72 | 84 | +++
Isoleucine assay medium
No isoleucine. . ........ 180 +
10 mg l-isoleucine...... 180 +++

Type 14 streptococci treated with crude trypsin
as in table 1 and suspended in 100 ml of each
medium.

medium should have little or no effect upon the
synthesis.

Difco media, prepared for the microbiological
asgay of lysine, isoleucine, phenylalanine, and
tryptophan, were employed in this study. The
results obtained when trypsinized streptococei
were incubated in these media are shown in table
5. From these data it may be seen that media
devoid of either tryptophan or phenylalanine
had little or no effect on the resynthesis of the
M-protein, whereas media devoid of lysine or
isoleucine supported only a slight synthesis of
M-protein. When lysine and isoleucine were
added to the respective media, the yield of
M-antigen was increased. These media when re-
constituted with the missing amino acids sup-
ported only minimal growth of Group A strep-
tococci over a long incubation period even when
large inocula were used. These media did not
support as much synthesis of M-protein as did a
complete medium (table 1). Nevertheless these
experiments demonstrated the expected fact that
amino acids, especially those present in the
M-protein, were required for regeneration of this
protein.

The stimulatory effect of polypeptides. The work
of Woolley (1941) suggested that a polypeptide or
mixture of polypeptides such as strepogenin
might be a stimulatory factor in protein synthesis.
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TABLE 6
The requirements for polypeptides, amino acids,
and glucose for M-protein synthesis

: . - Precipitin
B | MedimGoraiing | aonna | B

1 Amino acids 1.0 +++
Glucose 2.0
Polypeptides 0.03

2 Amino acids 3.0 +
Glucose 2.0

3 Amino acids 1.0 +
Polypeptides 0.03

4 Glucose 2.0 +
Polypeptides 0.03

Type 14 streptococci from 100 ml BHI treated
with erude trypsin, washed and suspended in 100
ml of each of the above media containing 0.05 M
phosphate, pH 7.5, and incubated for 180 min
at 37 C.

Therefore, the possible role of peptide intermedi-
ates in M-protein synthesis was explored.

A sample of polypeptides was prepared by pro-
longed dialysis of a pancreatic digest of casein
(see Materials and Methods). These polypeptides
were probably similar to the material briefly de-
scribed by Slade (1951) as a growth factor of
group A hemolytic streptococci. When added to
the semisynthetic medium described in table 3,
these polypeptides had a marked stimulatory
effect on M-protein synthesis and streptococcal
growth. On the assuinption that the polypeptides
exert their effect by by-passing some of the syn-
thetic processes required for the synthesis of the
M-protein in the semisynthetic medium, various
components of the medium were omitted in suc-
cessive experiments. Representative experiments
of this type are shown in table 6. It is clear from
these data that polypeptides, amino acids and
glucose were the only substances required for
M-protein synthesis. With these components no
increase in optical density was observed during
3-hr incubation period. Experiment 2 in table 6
shows that three times the normal concentrations
of amino acids did not replace the requirement for
polypeptides under the given conditions.

In order to determine the specific amino acids
required for M-protein synthesis, a mixture of 17
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amino acids simulating those present in the
Difco phenylalanine assay medium were pre-
pared. By elimination it was found that only
8 amino acids (in the presence of glucose and
polypeptides) gave near-optimum yields of
M-protein with trypsinized streptococci. These 8
amino acids were alanine, arginine, glutamic
acid, histidine, isoleucine, proline, threonine, and
valine. All the amino acids essential for M-protein
synthesis were, therefore, present either as free
amino acids or within the polypeptides; the omis-
sion of one or more of the amino acids had a
progressively diminishing effect on the yield of
M-protein.

Properties of the polypeptides. A 1 per cent
solution of the polypeptide mixture was stable to
autoclaving at a neutral pH, gave a strong biuret
color (80 per cent of the color of an equal amount
of crystalline bovine albumin), was very weakly
ninhydrin positive, and was not precipitated at
0C in a final concentration of 10 per cent per-
chloric acid. The polypeptide material was very
soluble in water but insoluble in 95-per cent
alcohol. The ratio of the ultraviolet light ab-
sorption extinctions at 260 and 280 mu in a

TABLE 7
The effects of inhibitors on M-protein synthesis and
glycolysis
Experi- Precipitin | 5.
pent Inhibitor Reaction | MiZoREie
ber Extract Formed
1 | No inhibitor ++++ 560
2 | 2,4-Dinitrophenol +++
(10~¢ M)
3 | Sodium arsenate ++ 540
(102 M)
4 | Sodium fluoride (5 X + 178
1072 M)
5 | Iodoaceticacid (5 X + 160
10~¢ M)
6 | Penicillin (100 ++++
units/ml)
7 No inhibitor and no + 52
glucose

For each experiment, type 14 streptococci from
50 ml of BHI were treated with crystalline trypsin
and washed. The cells were suspended in 35 ml
0.05 M phosphate, pH 7.0 containing 3.9 m M glu-
cose, 1 per cent amino acids, 10 mg polypeptides,
and 2.5 mg trypsin inhibitor. Incubation was for
180 min at 37 C.
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neutral phosphate solution was 1.0, indicating
that the material was relatively low in aromatic
amino acids. The latter apparently were elimi-
nated in the smaller dialyzable fragments pro-
duced by pancreatic digestion. Orcinol-positive
material was less than 1 per cent as measured by
the method of Morse and Carter (1949).

A number of chemical and physical techniques
were applied in an attempt to purify the poly-
peptide material. Precipitation with alcohol, am-
monium sulfate, tungstic acid, and calcium
hydroxide, and chromatography with Dowex-50
and starch yielded fractions which were no more
active than the original dislyzed material.
Neither whole casein, crystalline bovine albumin,
nor protamin could replace the casein polypep-
tides.

The action of inhibttors on M-protein synthesis
and glycolysis. Since glucose was immediately and
rapidly fermented by the trypsinized cells in the
presence of amino acids and polypeptides, the
effects of inhibitors upon glycolysis and M-protein
synthesis were studied. These results are sum-
marized in table 7. 2,4-dinitrophenol in a con-
centration of 10—* M had only a slight inhibitory
effect on the yield of synthesized M-protein.
Sodium arsenate (10~ M) inhibited M-protein
synthesis although the lactic acid formed from
glucose was the same as that formed in the
absence of arsenate. When glucose was omitted
(experiment 7), the amount of M-protein formed
was small and approximately the same as in the
presence of glucose plus arsenate. Since arsenate
inhibits energy utilization from glucose its effect
on M-protein synthesis may reflect the endergonic
nature of the process. The common inhibitors of
glycolysis, sodium fluoride and iodoacetic acid
were both effective in inhibiting M-protein
synthesis and decreasing the yield of lactic acid
to about one-third of the normal amount.

Penicillin, in a concentration 1,000 times the
amount required to inhibit the growth of a com-
parable amount of streptococci in BHI, was in-
effective in inhibiting M-protein synthesis.

Rates of glycolysis measured as the displace-
ment of CO. from bicarbonate buffer by lactic
acid showed that the trypsinized streptococci
decomposed glucose immediately and rapidly in
the presence of polypeptides and amino acids.
Only small amounts of M-protein were formed
during the first hour; the maximum amount was
synthesized between the second and third hour.
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@ glucose plus amino acids
@ glucose but no amino acids
A amino acids but no glucose

Milliliters of CO,

o 30 60 9:) lio 1;0 1'00

Figure 1. Trypsin-treated cells from 50 ml
brain-heart infusion in 35 ml 0.05 M bicarbonate
plus 0.025 M phosphate buffer, pH 7.8, containing
2.5 mg trypsin inhibitor and 10 mg polypeptides;
supplemented with: @, 3 mm glucose plus 19,
amino acids; [ll, 3 mum glucose but no amino acids;
A, 1% amino acids but no glucose.

In the absence of amino acids, trypsinized
streptococci would not ferment glucose much
above the endogenous rate. Untreated strepto-
cocci fermented glucose at a rapid rate in buffer
containing only glucose. This phenomenon is
demonstrated by figure 1. The polypeptides
would not substitute for or supplement the
amino acids in reconstituting the glycolytie
system. No evidence of fermentation was ob-
tained when trypsin-treated or normal cells were
suspended in amino acids alone.

Cell-free extracts of trypsin-treated strepto-
cocci were prepared by triturating the bacteria in
& paste with Alcoa “alumina” A-301. The ex-
tracts would ferment glucose only after a 30 or
40 min lag. This lag period could be shortened to
10 or 15 min by the addition of amino acids.
Without amino acids catalytic amounts of
adenosine triphosphate or hexose diphosphate
initiated immediate and rapid glycolysis. Sub-
strate quantities of hexose diphosphate in the
absence of glucose or amino acids were fermented
without a lag period. Cell-free extracts of un-
treated streptococci fermented glucose immedi-
ately in the absence of amino acids or any added
organic phosphate. These data indicate that the
inhibition of glycolysis by trypsin was probably
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due to a depletion of cellular high energy phos-
phate required to initiate the glycolysis and not
to a destruction of glycolytic enzymes. The
stimulatory action of amino acids on glycolysis
could be due to some utilization of the amino
acids in energy-yielding reactions.

DISCUSSION

The data presented indicate that trypsin-
treated hemolytic streptococci require three com-
ponents for the de novo synthesis of M-protein.
These components are amino acids, glucose,
(presumably as an energy source), and polypep-
tides. When the latter are omitted, vitamins,
purines, pyrimidines and other compounds shown
in table 3 must be substituted for the polypep-
tides. Even under these conditions the com-
pounds of the semisynthetic medium do not
completely supplant the polypeptides.

Under the conditions employed it is difficult to
determine whether or not the biosynthesis of
M-protein is associated with cellular multiplica-
tion. In view of the exacting nutritional require-
ments of the group A streptococci it is doubtful
that multiplication occurred in those media
employed which are considered nutritionally
inadequate for the organisms.

The casein polypeptides that stimulated the
M-protein synthesis were similar to the strep-
ogenin materials described by Sprince and
Woolley (1944) and by Slade (1951) as growth
factors for streptococci and lactobacilli. The
observation by Woolley and Merrifield (1954)
concerning the strepogenin activity of the syn-
thetic polypeptide hormones, oxytocin and
arginine-vasopressin (du Vigneaud et al., 1953a,
1953b) demonstrated that the active material of
strepogenin was a peptide. These experiments
also demonstrated that biologically-active strep-
ogenin peptides from diverse sources need not
have the same composition or amino acid
sequence.

Numerous instances are found in the literature
where peptides have a marked stimulation upon
the growth of bacteria and animals. These stimu-
lations are over and above the amount provided
by the individual amino acids in the peptides.
Several authors have theorized on the reasons for
the growth-promoting properties of peptides.
Peters and Snell (1954) have shown that antag-
onisms between certain amino acids as growth
factors for lactobacilli may be alleviated by the
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addition of a peptide containing one of these
amino acids. They suggest that the stimulating
effect of these peptides may be merely due to the
relief of these antagonisms.

At the present time there is no direct evidence
for the participation of peptides in animal or
microbial protein synthesis. The indirect evidence
that has been accumulated falls in two main
categories, (1) the stimulatory effects (already
cited) of peptides on bacterial and animal growth,
and (2) the demonstration of a nonuniform in-
corporation of radioactive amino acids into
enzymes synthesized by animal tissues (Stein-
berg and Anfinsen, 1952, and Vaughan and
Anfinsen, 1954). The latter phenomenon implies
that these labeled amino acids may be in equi-
librium with pools of intermediate reactants,
namely peptides. Halvorson and Spiegelman
(1952, 1953a, 1953b), and Rotman and Spiegel-
man (1954) studied adaptive enzyme synthesis
in Saccharomyces cerevisiae and Escherichia colt
and conclude that the induced biosynthesis of
enzymes evolved entirely from free amino acids
derived from the medium without the participa-
tion of intracellular intermediates or enzyme pre-
cursors. The role which polypeptides have in
M-protein synthesis remains to be established.

The inhibition of M-protein synthesis by the
well-known inhibitors of glycolysis is in all
probability related to the exergonic nature of
glycolysis and the endergonic requirements for
protein synthesis.

SUMMARY

Group A streptococci stripped of the M-protein
antigen by treatment with trypsin reestablished
the M-protein within an hour when incubated in
a nutritionally rich medium. Under more defined
conditions the utilization of amino acids for pro-
tein synthesis was dependent upon purine and
pyrimidine bases, vitamins, and other accessory
substances required for growth. Omission from
the medium of certain amino acids known to be
present in the M-protein, prevented the synthesis
of the protein by washed, trypsin-treated
streptococei. Polypeptides from a pancreatic
digest of casein showed a marked stimulatory
effect on M-protein synthesis in the absence of
apparent cellular reproduction. Amino acids and
glucose were required to supplement the peptides
but no other constituents were necessary. The
action of a number of inhibitors of glycolysis and
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assimilation was observed with respect to
M-protein synthesis.
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