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The use of inhibitors to study pathways of nietabolism is 
receiving widespread use. Norvaline was used in this laboratory 
as an inhibitor to study the relationships of cellular metabolites 
for Escherichia coli. 

Inhibition studies are based on the concept that the 
inhibitor is competing with a metabolite for a position on the 
surface of the "blocked" enzyme. This situation gives rise to 

competitive inhibition wherein the ratio between the concentration 
of the inhibitor (I) and the concentration of the competing 
metabolite (S) (substrate) should remain constant over a fairly 
wide range of concentrations of the inhibitor. 

Addition of the primary product of the rnetabo]J.te may render 
the inhibitor inactive or, at higher concentrations of the 

inhibitor, the inhibitor may attack another enzyme system which 
would result in a substantial increase of the (1)1(S) ratio. 
Addition of compounds which increase the effective concentration 
of the enzyme will bring about an increase in the 

(1)/(8) ratio of low magnitude. Addition of secondary products 
derived from the primary product will brins about an increase of 
higher magnitude. The effects of the last two types are 

independent. 
Harding and Shive reported a competitive relationship 

between methionine and the inhibItor norleucine for Escherichia 

coli. Addition of leucine increased the (1)1(S) ratio ten fôld, 

iEiIe addition of glutamic acid increased the ratio three fold. 

Addition of both compounds brought about a thirty fold increase. 
Mixtures of isoleucine and veline were similar in their action 
to leucine. Pantothenic acid and thiamin were similar in their 
action to lutamic acid. From their findings, these authors 
concluded that methionine functions in the biosynthesis of 

leucine, isoleucine, and valine, possibly through a transarninating 

enzyme, and that glutamic acid functioned in an indirect manner by 

increasing the effective concentration of the "blocked" enzyme 

system. Similarly, the action of pantothenic acid and thiamin was 

attributed to their role in the biosynthesis of' glutamic acid. 

In the present study, the following results were obtained: 

(1) none of the compounds tested competitively reverses norvaline 

inhibition; (2) leucthe per se is capable of reversing inhibition 

by norvaline; (3) methioTieasparagine, and pantothenic acid 

se are not capable of reversing norvaline inhibition, however, 

ihTnine and asparagine combined are more potent than leucine; 
(4) in the presence of asparagine, pantothenic acid is as potent 

as methionine at low levels of norvaline, but not at high leiels; 
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(5) addition of i microgram of' pantothenic acid increases the 

(1)/(s) ratio of norvaline: rnethionine one thousand fold in the 
presence of asparaine; (6) aspartic acid is incapable of replacing 
asparagine activity. 

A comparison of' the results of the present study with those 
of Harding and Shive shows the following differences: (1) whereas 
norleucine is competitive with methionine in the absence of 
asparagine, reversal of norvaline inhibition by methionine requires 
asparagine, and even then is not competitive; (2) the increase in 

the (1)/(S) ratio of norleucine: methionine is of low magnitude on 
the addition of pantothenic acid while the increase for norvaline: 
methionine is large. 

The following conclusions are reached: (1) norvaline inhibits 
more than one enzyme system; (2) among the systems inhibited is 

that inhibited by norleucine; (3) methionine and asparagine 
cooperate in the biosynthesis of leucine, isoleucine, and valine; 

(4) the activity of asparagine is due to its Y-amide group; 

(5) methionine functions in the biosynthesis of pantothenic acid. 
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NORVALINE AND THE METABOLISM OF ESCHkRICHIA COLI 

INThODUCT ION 

The application of inhibitors to metabolism studies 

is receiving widespread attention and use. Inhibition 

studies are based on the concept that certain compounds 

are capable of competing with a inetabolite for a position 

in an enzyme system. With the metabolite in this position, 

the enzyme system can carry out the function assigned to 

it In the general metabolic scheme. However, when the 

inhibitor replaces the metabolite, the enzrme no longer 

functions, due to the inability of the inhibitor to carry 

on the function of the metabolite. Then the inhibitor 

i_s competing with the metabolite (or substrate) for a 

position on a single enzyme system, the result is corn- 

petitive inhibition. One criterion for competitive in- 

hibition is that a constant ratio between the concen- 

tration (I) of the inhibitor and the concentration (S) 

of the substrate needed for a given amount of growth 

holds over a wide range of concentrations. The (1)/Cs) 

ratio, when measured at complete inhibition, is called 

the antibacterial index. 

The utility of inhibition studies has been further 

expanded by the introduction of jnhjbjtjo analysis" by 

Shive and Macow (S). According to Shive and his coworkers, 

substances, other than the metabolite, which will reduce 

the toxicity of the inhibitor fall into four classes. 



These are, (a), precursore of the metabolite; (b), the 

product of the enzyme system which is ttblockedtt by the 

inhibitor; (c), substances which exert a "sparing action" 

on the product of the enzymatic reaction; and Cd), sub- 

stances which are capable of increasing the effective 

enzyme concentration of the "blocked" reaction. The 

effect of a precursor (a) is "diluted" out by the ad- 

dition of the metabolite. Addition of the product of the 

enzyme (b) either renders the inhibitor ineffective, or 

else at higher concentrations the inhibitor affects an- 

other enzyme system. Usually, substances (c) which are 

capable of exerting a "sparing action" are secondary 

products which are derived from the primary product of 

the reaction. Addition of these substances usually brines 

about a rise in the antibacterial index of the inhibitor: 

metabolite. Addition of substances which are capable of 

increasing the effective enzyme concentration (d) usually 

results in a rise of the antibacterial index, however, 

this rise is of low order magnitude and is usually not 

detected under testing conditions. The actions of types 

(c) and (d) are independent. 

In 1941, Harris and Kohn (2,3), in studies of the 

mechanism of sulfonamide action, reported the now accepted 

belief that para-amiriobenzoic acid is a precursor of methi- 

onine in Escherichia coli. These results were later sub- 

stantiated by Shive and Roberts (7), who used 4-amino-2- 
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chloro benzoic acid as an inhibitor. In one of their 

papers, Harris and Kohn (2) found that norvaline inhib- 

ited the growth of Escherichla coli, and that this inhibi- 

tion could be reversed by methiorìine, but not by para- 

aminobenzoic acid. In 1944, Nielsen (4) reported that 

norvaline also inhibited the growth of the strain of yeast 

with which he was working. 

In 1948, Harding and Shive (1) reported an inter- 

relationship of rnethionine and leucine. Their conclusions 

were based on studies in which norleucine was used to 

inhibit the growth of Escherichia coli. Their results 

were as follows: Of the naturally occurring amino acids 

tested in reversal experiments, only methionine, leucine, 

isoleucine, valine, glutamic acid, and threonne were 

able to prevent the toxicity of norleucine. Of these corn- 

pounds, methionine was the most potent in revrsin the 

inhibition, with the potencies of the other amino acids 

decreasing in the order named. They observed that the 

inhibition by norleucine was competitively reversed by 

DL-methionine with an antibacterial index of about 30 to 

100. DL-leucine, when added at a concentration of 100 

micrograms per tube, increased the antibacterial index 

of norleucine:methionine ten fold, and larger quantities 

of leucine increased the antibacterial index even more. 

However, leucine, isoleucine, valine, and all possible 

mixtures of the three were not competitive in reversing 
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the inhibition by norleucino. The activity 0±' leucine 

could be replaced by a mixture of isoleucine and valine, 

but neither of tne latter per se could replace the activity 

of leucine. None of the mixtures of leucine, isoleucine, 

and valine were more effective than leucine. They also 

found that glutamic acid at a concentration of 300 micro- 

grains per tube would raise the antibacterial index of 

methionine three fold, but higher concentrations of glu- 

tamic acid had no further effect. Pantothenic acid and 

thiamin were similar in their action to ¿lutarnic a3id. 

When both leucine and glutamic acid were added to the 

tubes, the antibacterial index for methionine was raised 

thirty fold. Thus, leucine and glutamic acid were in- 

dependent in their action. In separate experiments, 

Harding and Shive found that -keto-Y-methyl valeric 

acid, -keto-fi-methyl valerie acid, and -hydroxy- 

isovaleric acid were incapable of replacing leucine, 

isoleucine and valine in reversing the toxic action of 

norleucine on Lactobacuilus pentosus, although they 

could replace them in a synthetic medium which gave good 

growth. In their report, Harding and Shive stated that 

threonine and homocystine were capable of preventing the 

toxicity of norleucine in Escherichla coli however they 

were ineffective in the presence of small quantities of 

methionine. 

From these data, Harding and Shive concluded that 
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threonine and homocystine were precur8ors of ¡nethionine 

(type (a) reversing agents above) and that glutaniic acid 

increased the enzyme concentration of the "blocked" reac- 

tion, according to type (d) action. They further con- 

cluded that the action of pantothenic acid and thiamin 

(type d) were due to their action in the biosynthesis of 

-keto-glutaric acid, a statement which had been made 

e8rlier by Shive arid his coworkers (5). Methonine, 

which in this system is the rnetabolite, was considered to 

be effective in the biosynthesis of leucina, isoleucine, 

and valine and thus these compounds exhibited type (c) 

reversal through a transaminatin enzyme (b). 

From the data in this thesis, it appears that nor- 

valine and norleucine do not inhibit the same enzyme 

system. However, the enzyme system inhibited by norvaline 

included those metabolites affected by norleucine. Al- 

though the present work does not invalidate the conclu- 

sions of Harding and Shive, it indicates that the meta- 

bolic pathway that they presented was incomplete. 
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EXPERIMENTAL 

METHODS. The orgnim used wr s a strin cf 

chcij co4 which was isolated by Profes8or J. E. 

Simmons of the Department of Bacteriology of Oregon State 

College. The media used. were basecL on that of Wright and. 

Skegg (8). The medium 3f '.iright nd Skeggs. as shown in 

Ttb1e T, ws used. with and. without asparagine c'nttined in 

the oriin1. Their assay method was also used.. Exeri- 

ment'1 tubes contained 5 nil. of medium nd rn ddition.1 

5 ml. of solution continin the test substances. The 

tubes ;.ere p1ued with cotton, utoc1aved 15 minutes t 

±5 round.s oressure, end. inocuL'ted, after cDoling, with one 

droo f c. 1:1000 dilution of the 2L. hour culture grown on 

the diluted medium. The tubes were incubted at 37 C. 

Growth w' s measured turbidimetricelly 'fter the incubtion 

period, and is reported as otice.l density which is eaul 

to 10 loo minus log per cent trnsmiseian. 

Inhibition of growth wa obtained with norv1ine 

(amino-n-vleric acid). Revers.l test substnces in- 

clud.ed, for various reasons, DL-methionine, calcium panto- 

thenpte, L-glutamic cid, thirmir, DL-leucine, DL-iso- 

leucine. DL-valine, pantoic acid (,'y'-dihydroxy-fl,ß-dirnethy1 

butyric r cid), ß-.lanine pra-aminobenzoic acid, oteroyl- 

glutiic rcid. L_rsprragine and DLasprrtic cid. Rever- 

s.l exoeriinents were of two main tyoes: 1, time studies 

in which time rg a vriable within the experiment, 
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Table I 

Basal idedia for Escherichia coli 

Wright and Harding and 

Component Skegga Shive 

Sodium sulfate 5 grams 10 grams 

Ammonium chloride 5 grams 10 grams 

Potassium dihydroen phosphate 8 grams 

IIagnesium sulfate heptahydrate 0.8 gram 0.8 gram 

Asparagine 6 grams 

Glucose 5 grams 20 grams 

Potassium monohydroen phosphate 8 grams 

Ferrous ammonium sulfate 
0.2 gram 

Water to i liter i liter 

pH adjustment 7.35 none 
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and. 2, those which were run t '. single growth period. 

Both types included experiments in which the media with 

and without aeparagine were comred. 

RESULTS. A tyicl growth inhibition res7nce of 

Escherichia coli to norvaline is shown in Table II. 

Several conmounds .re capable of reversing this effect. 

The extent of reversal depends uon the compound tested, 

its concentration, the length of the growth eriod, and 

the medium used. 

Table III contains the data obtained in a short 

duration exeriment in which the reversing effects of 

methionine, calcium antothenate, para-aminobenzoic acid 

and pteroylglutamic acid, were tried. in the presence of 

asparagine. As shown, methionine completely reverses the 

inhibition, while calcium pantothenate gives limited rever- 

sai and the other two compounds give none at all. 

Publice.tion of the results of Hrding and Shive led 

to experiments in which the ability of leucine to overcome 

the toxicity of norvaline was studied. Table IV shows the 

results of one such exoeriment. In this ex:Deriment, t.ie 

'eltive otencies of methionine, leucine, and calcium 

pantothencte in the )reeence of asaragine we'e studied.. 

The resulte given in the t'ble show thrt none of the three 

is cometitive in its action aainst norvaline, since 

higher levels of the inhibitor reuire reltively greater 

amounts of the reversing gents. The table shows further 



7a 

Table II 

The Growth Inhibition Effect of DL-Norvaline on 
Escherichia coli. Growth Period: 15 hours. Medium contains 
asparagine. 

Norvaline Optical Density 
-r 
0 0.550 

20 0.540 
40 0.550 
60 0.550 
60 0.560 

loo 0.478 
200 0.020 
300 0.000 
400 0.002 
500 0.001 
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Table III 

Effect of DL-Methionine, para-Aminobenzoic acid (PAB), 
Calcium Pantothenate (PA), and Pteroylglutarnic acid (PGA) 

on the Inhibition of Growth of Escherichia coli by 
Norvaline. Growth period: 12 hours. Medium contains 
asparagine. 

Norvaline Methionine PA PAP PGA Optical Density 

O 0.425 
50 0.010 
50 20 0.435 
50 40 O.45 
50 60 0.530 
50 80 0.540 
50 100 0.550 
50 1 0.270 
50 5 0.285 
50 10 0.285 
50 25 0.285 
50 1 0.006 
50 5 0.010 
50 10 0.007 
50 25 0.012 
50 1 0.009 
50 5 0.009 
50 10 0.013 
50 25 0.009 
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Table IV 

Antibacterial Indices of DL-IIethionine, DL-Leucine, and 

Calcium Pantothenate Against DL-Norvaline for Escherichla 

coli. Growth period: 34 hours. Medium contains asparaine. 

Norvaline Iiethionine Leucine PA O. D. 

Approximate 
Antibacterial 

Index 

y _y' _y_ V 
A 
_, 

loo 0.560 

300 0.560 

500 0.010 
800 0.013 

1000 0.006 

3000 0.010 

5000 0.004 

10000 0.011 

500 0.01 0.012 50,000 

500 0.03 0.032 

800 0.03 0.015 26,600 

800 0.1 0.050 

1000 0.1 0.013 10,000 

1000 0.3 0.023 

3000 0.3 0.014 10,000 

3000 1.0 0.043 

5000 1.0 0.012 5,000 

5000 3.0 0.031 

10000 300 0.010 33 

10000 1000 0.030 

500 0.01 0.004 50,000 

500 0.1 0.042 

800 0.1 0.010 8,000 

800 1.0 0.520 
1000 1.0 0.013 1,000 

1000 3.0 0.039 

3000 30 0.005 100 

3000 100 0.052 

5000 100 0.013 50 

5000 300 0.280 

10000 300 0.010 33 

10000 1000 0.195 

500 0.01 0.010 50,000 

500 0.03 0.140 

800 0.03 0.006 26,600 

800 0.1 0.495 

1000 0.03 0.007 33,300 

1000 0.1 0.320 

3000 500 0.010 

5000 500 0.008 

10000 500 0.012 
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that methionine is more potent that leucine in reversin: 

norvaline levels below 10 mg. per tubo, and that calcium 

pantothenate has approx1nately tile same antibacterial 

index as methionine up to norvaline levels of 1 mc., 

above which point the elfectiveness of calcium panto- 

thenate drops to essentially zero. 

The observation that methionine was not competitive 

in its action against norvaline plus the observation that 

calcium pantothenate was so potent at lower levels of nor- 

valine led to a comparison of the method used by Harding 

and Shive and the method used here. Since their medium 

contained no asparaine whereas the medium of Wright and 

Skeggs used in the present study contained asparagine at a 

level of 30 mg. per tube (see Table I), experiments were 

set up to determine the effect of the asparagine in the 

medium. Table V contains the data from an experiment in 

which the effect of asparagine was determined using leucine 

and methionine. It shows that while the potency of leucine 

is relatively unaffected by the presence of aspara:ine, 

methionine's potency is increased many fold by this corn- 

pound. In the absence of asparaine neither methionine nor 

calcium pantothenate is capable of reversing the effects 

of levels of norvaline of 0.5 rna. or over, whereas leucine 

retains its potency up to 10 m . of norvaline per tube 

(see Table VI). The importance of asparaine is further 

shown in Tables VII and VIII, where the effect of time on 



Table V 

Comparison of Effects of DL-Methionine and DL-Leucine on 
Norvaline Inhibition of Escherichia coli in Media with and 
without Asparagthe. Growth Peri5dî 12 Hours 

0tica1 Density 
Medium Medium 
with without 

Norvaline Methionine Leucine Asparagthe Asparagine 
Y 
Q 0.506 0.264 

100 0.000 0.000 
500 0.000 0.005 
loo 1 0.340 0.034 
100 10 0.490 0.370 
100 100 0.500 0.236 
loo 1000 0.500 0.248 
100 1 0.047 0.007 
100 10 0.053 0.070 
100 100 0.503 0.265 
100 1000 0.490 0.405 
500 1 0.045 0.005 
500 10 0.264 0.005 
500 100 0.396 0.013 
500 1000 0.473 0.010 
500 1 0.000 0.005 
500 10 0.003 0.007 
500 100 0.000 0.015 
500 1000 0.480 0.312 



Table VI 

Antibacterial Indices of DL-Methionine, DL-Leucine, and 

Calcium Pantothenate Against DL-Norvaline for Escherichia 
coli. Growth Period: 38 sours. Medium lias No Asparagine. 

Approximate 
Antibacterial 

Norvaline Methionine Leucine PA O. D, Index 

-f -y_ _r__ 

o 0.460 
100 0.410 
300 0.003 

500 0.000 
1000 0.005 
3000 0.004 

10000 0.005 
300 10 0.003 30 

300 30 0.460 

500 3000 0.000 

1000 3000 0.003 

3000 10000 0.002 
10000 30000 0.005 

300 0.1 0.000 3,000 

300 1 0.460 
500 0.1 0.003 5,000 

500 1 0.045 

1000 1 0.003 1,000 

1000 3 0.030 
3000 30 0.005 100 

3000 100 0.400 

10000 100 0.001 100 

10000 300 0.027 

300 1 0.000 
500 1000 0.000 

1000 3000 0.000 

3000 30000 0.000 
10000 100000 0.000 



the relative potencies of several substances is compared. 

It will be seen here that when asparagine is used, all of 

the compounds tested were capable of reversing the action 

of 0.5 mg. of norvaline, If present in sufficient concen- 

tration, and given sufficient time. It will also be noted 

that methionine exerts its action in the shortest length 

of time, followed by leucine, which in turn is faster than 

calcium pantothenate. Table VII shows further that a 

level of 10 microrarns of leucine is more potent than the 

same level of either isoleucine or valine. Calcium panto- 

thenate is active at a level of i microgram while 100 

micrograms of lutamic acid is required for activity. In 

the absence of asparaine, leucine is faster in its action 

than methionine, which in turn is faster than calcium 

pantotheriate. Since the experiments in Tables VII and 

VIII were not performed simultaneously, it was not possible 

to state whether the rearrangement of reversal rates in 

the presence and absence of asparaine ws simply due to 

the enhancement of methionine reversal by asparazine, as 

was observed in Table V where the total reversing capac- 

ities of methionlne and leucine were studied over a fixed 

period of time. 

The results of the experiments on the effect of the 

asparagine contained in the original medium sugested 

further experiments to determine whether aspartic acid 

would replace asparaine in its action on the system. 



9a 

Table VII 

Time Study: The Effect of Various Substances on the 
Inhibition of Growth of Escherichla coli by Norvaline. 
Medium Contains Asparagine. 

Micrograms Optical Density 
Micrograms Test Test 22 29 

Norvaline Substance Substance Hours Hours Hours 
p 0.550 0.528 0.554 

500 0.014 0.018 0.010 
500 Methionine i 0.047 0.258 0.512 
500 Methiorilne 10 0.350 0.5$5 0.512 
500 Methionine 100 Q.564 0.556 
500 PA i 0.018 0.016 0.519 
500 PA 100 0.017 0.01$ 0.503 
500 G].utamic acid 10 0.015 0.010 0.007 

500 Glutamic acid 100 0.027 0.125 0.510 

500 Leucine 1 0.022 0.147 0.505 
500 Leucine 10 0.025 0.155 0.51B 
500 Leucine 100 0.025 0.160 0.530 
500 Isoleucine 10 0.023 0.023 0.020 

500 Isoleucine 100 0.028 0.395 0.504 

500 Iso].eucine 1000 0.350 0.530 0.530 
500 Valine 100 0.012 0.018 0.012 
500 Valine 1000 0.137 0.528 0.505 



Table VIII 

Time Studi: The iffect of Methionine, Leucine and Calcium 
Pantothenate on Norvaline Inhibition of Escherichia coli. 
Medium Contains No Asparagine. 

Micrograms Optical Density 
Micrograms Test Test 13 26 37 
Norvaline Substance Substance Hours Hours Hour8 

p 

500 
0.280 
0.003 

0.510 
0.010 

0.492 
0.007 

500 Methionine i 0.003 0.240 0.240 
500 Methionine 10 0.002 0.383 0.260 
500 Methionine 100 0.003 0.380 0.540 
500 Methiorilne 1000 0.003 0.385 0.500 
500 Leucine 1 0.005 0.480 0.460 
500 Leucine 10 0.008 0.480 0.480 
500 Leucine 100 0.067 0.470 0.480 
500 Leucine 1000 0.190 0.480 0.470 
500 PA 1 0.002 0.012 0.000 
500 PA 10 0.000 0.010 0.004 
500 PA 100 0.003 0.020 0.350 
500 PA 1000 0.004 0.038 0.380 
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The results of one of these experiments are shown in 

Table IX, which shows the effect of both aspartc acid 

and asparaine on the growth of Escherlchla coli and 

their effect on the toxicity of norvaline. Eoth com- 

pounds increase the ¿:rowth of the organism, however 

neither alone is capable of overcornin the toxicity of 

the inhibitor. When methionine or leucine is added, 

asparaine at 30 mg. per tube increases the potency of 

methionirie, but has practically no effect on leucine. 

Aspartic acid is virtually without effect. 

Tables X and XI were designed to demonstrate the 

effect of pantothenic acid upan norvaline inhibition. 

Table X illustrates the effect of calcium pantothenate 

on the potency of methionine in the presence of aspara- 

Fine. At norvaline levels of 3 and 5 mg., 0.01 micro- 

gram increases the antibacterial index of norvaline: 

methionine 10 to 100 fold, and 1 microram increases the 

antibacterial index 1000 fold. Table XI demonstrates the 

results of a time study on the relative potencies of 

calcium pantothenate, fl-aianine, and pantoic acid. From 

these results, it is seen that calcium pantothenate is 

faster in its action than -alanine, which in turn Is 

faster than pantoic acid. 



lOa 

Table IX 

Effect of Asparagine and Aspartic Acid on the Reversal of 
Norvaline Inhibition of Escherichla coli by Methionine and 
Leucine. Growth Period: 2O Hours. Medium Contains No 
Asparagine. 

Aspartic Optical 
Norvaline Asparagine Acid Methionine Leucine Density 

mg. mg. 
O O O O 0 0.450 
O 10 0.495 
O $0 0.516 
O 10 0.54$ 
O 30 06Ö 

500 0 0 0 0 0.004 
500 1000 0.008 
500 10 0.012 
500 100 0.120 
500 1000 0.398 
500 10 0 0 0.020 
500 10 1000 0.019 
500 10 10 0.025 
500 10 100 0.450 
500 lO 1000 0.450 
500 30 0 O 0.003 
500 30 1 0.016 
500 30 10 0.070 
500 30 100 0.290 
500 30 1000 0.480 
500 30 10 0.007 
500 30 100 0.510 
500 30 1000 0.492 
500 10 0 0 0.003 
500 10 1000 0.010 
500 10 100 0.017 
500 lO 1000 0.465 
500 30 0 0 0.000 
500 30 1 0.00$ 
500 30 10 0.025 
500 30 100 0.027 
500 30 1000 0.037 
500 30 100 0.018 
500 30 1000 0.509 
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Table X 

Effect of Calcium Pantothenate (PA) on the Antibacterial 

Index of Norvaline: Nethionine. Growth Period: 35 Hours. 

Medium Contains Asparagine. 

Optical Density, Supplement 

Norvaline Methionine None O.DI1k 1 YPA 
,y 

O O 0.698 0.695 0.682 

500 0 0.010 0.556 0.560 

500 0.01 0.010 
500 0.03 0.110 

1000 0 0.000 0.010 O.SeO 
1000 0.0001 0.005 0.007 
1000 0.0003 0.007 0.025 
1000 0.3 0.013 
1000 1.0 0.470 
3000 0 0.010 0.007 0.009 
3000 0.003 0.012 0.009 0.010 
3000 0.01 0.010 0.010 0.530 
3000 0.1 0.013 0.010 
3000 0.3 0.012 0.088 
3000 1.0 0.010 
3000 3.0 0.510 
5000 0 0.010 0.010 0.007 
5000 0.1 0.008 0.010 0.010 
5000 0.3 0.000 0.008 0.192 
5000 3 0.004 0.013 
5000 10 0.006 0.550 

Results: 

Antibacterial Index, Supplement 
Norvaline 0.01 PA I yP 

-Y. 

500 50,000 
1000 3,000 10,000,000 
3000 3,000 30,000 3,000,000 
5000 50 500 50,000 
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Table XI 

Time Study: Effect of Calcium Pantothenate (PA), alanine, 
and Pantoic Acid on the Inhibition of ('rowth of Escherichia 
coli by Norvaline (NV). Medium Contains Asparagine. 

NV PA -alanine 
Pantoic 

Acid 
37 

Hours 

Otical Density 
34 31 2 

Hours Hours Hours 
23 

Hours 
-r y -y 

0 0.580 0.580 0.580 0.590 0.540 
1000 0.008 0.013 0.004 0.015 0.000 
1000 1 0.560 0.542 0.502 0.380 0.098 
1000 10 0.490 0.083 0.040 0.021 0.007 
1000 1000 0.405 0.077 0.030 0.012 0.008 
1000 10 0.045 0.008 0.005 0.003 0.010 
1000 1000 0.033 0.003 0.005 0.005 0.000 
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DISCUSSION 

INHIBITION BY NORVALINI. The observation that none 

of the compounds tested competitively rever3es the effect 

of norvaline, plus the observation that the antibacterial 

indices of the various compounds decrease with increases 

in the concentration of the inhibitor indicate that nor- 

valine acts simultaneously upon more than one enzyme sys- 

tern. Since both norleucine and norvaline are reversed 

completely or in part by methionine, lutarnic acid, panto- 

thenic acid, leucine, isoleucine and valine, it would 

appear that one of the enzyme systems inhibited bï nor- 

valine is the same one that is inhibited by norleucine. 

INTERRELATIONSIIP OF METHIONINE, LEUCINE, AND 

ASPARAGINE. Whereas leucine can reverse norvaline either 

alone or in the presence of aspara:,ine, neither methionine 

nor asparaine per se can reverse the inhibition by nor- 

valine at all levels. On the other hand, methionirie and 

asparaine combined are capable of overcoming the toxicity 

of any amount of norvailne used. Aspartic acid cannot re- 

place the action of asparaine. 

These observations indicate that norvaline inhibits 

a system or systems in which both methionine and asparaine 

are essential, and that these two compounds coorerate in 

the formation of leucirie as a final product. A further 
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CDflC1USiOfl i tlic't asartic acid does n3t form s?ttrgine 

under test c'nditions. 

T1E ROLLE OF ANTOTHEIIC ACID. The observption tht 

c1cium iantothente has en effectiveness equal to tht of 

methionine t 10 levels of norvline, as shown in Tble 

Iv, 2nd tht this effectiveness drops virtully to zero ¿t 

t:e higher levels of te irthibitor, may be expl.ined on 

the bis thrt methionine is functioning in the biosyn- 

thesis of ntothenic acid, .nd th.t the -resence of 

pantothenic .cid inci'ases the curntity of rnethionine 

kveilab1e for the fornition of leucine nd other roducta. 

This conclusion is further substantiated by the obervrtion 

thrt the dcIit1on of cicium ntothenrte .t a level of i 

microgram incree.ses the antibcteril ind.ex of norv1ine: 

methionine aroxivately 1000 fold. If, as has been 

suggested (i), pntothenic cid were .ctive only in in- 

creasing the concentration of the enzyme concerned in the 

uti1iz'tion of methionine, the increrse in the anti- 

bacterial index should be reletively low, as in tyie (a) 

reversing agents aove. However, the Increrse in the anti- 

bacterial index is large and, rlthough the inhibitor: 

metrbolite rrtio i not strictly competitive, nevertheless 

the enlargement of the rr.tio is sufficient to qualify 

ontothenic acid as a roduct of n inhibited rerction 

(type c). The failure of the vitrmin to reverse higher 

levels of norvline my be exlrined by assuming thrt the 



precursor (methionine) is 10 recuired for other mete- 

bolle functions and. that the formation of these roducts 

is unable to keep pace with the growth potentirl erected by 

the continuous addition of antothenic acid. Since neither 

of the moieties is as active as the intact vitcmin, it is 

difficult to sey what the exact meehcnism le. 

The use of norvaline has thus furnished additional 

evidence concernin the interrelationships which exist 

between rnethionine, leucine, cnd. pantothenic acid. The 

correctness of the revious suggestion that pantothenic acid. 

cts through its influence upon the 06 cycle in ccrbohy-. 

drate metabolism cannot be told from the reent study. 

It r.pears, however, that an ad.ditioncl member of these 

interrelated re'ctions muet be the biosynthesis of panto- 

thenic cld, aìparently from methionine. The mechanism 

of the synthesis, as well as the mene whereby ae?eaglne 

is converted to co:ipounds Dossessing leucine activity, 

re being studied further. 
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SUM11ARY 

Norvaline inhibits the growth of Escherichl. coil. 
The ability of various coaoounds to overcome the to::iclty 
of norvaline depends uoon the ien:th of the groith period, 

the coneentr'tion of the test ouhstance, nd the medium 

used. 

The results of inhibition studi.es indicate that 

rúethionine and asnrrtgine cooerte in the biosynthesis of 

leucirìe, nd that methionine functions in the biosynthesis 

of antothenic cid. 
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