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im-benzylhistidine was detectable in the hydrolysate by electro
phoresis at pH 3.5. 

This product (100 mg) was purified in the same way as de
scribed tor the benzyl derivative. The flow rate was 28 ml/ hr. 
The gradient was started after 18.5 hr (520 ml) and the main peak 
was elated between 980 and 1040 ml. The combined fractions 
were lyophilized to give 65 mg. After purification via the picrate 
salt there was 45 mg of white powder. A sample hydrolyzed 
in 5.5 -V HC1 at 110° for 72 hr had the following amino acid 
composition: Gly 2.03, Val 1.03, Tyr 0.95, He 0.97, His 0.93, 
Pro 1.05, Phe 1.00. A sample hydrolyzed for 40 hr with amino-
peptidase-M21 had Gly 2.00, Val 1.10, Tyr 1.00, lie 0.85, His 0.33, 
Pro 0.41, Phe 0.94. Electrophoresis at pH 1.85 showed one 
spot, En 0.57; tic showed one spot, Rm 0.48, flfin 0.72; positive 
reaction with ninhydrin, Pauly reagent, chlorination,23 and 1-
nitroso-2-naphthol.24 

Ac-Gly-Gly-Val-Tyr-IIe-His-Pro-Phe.—To 15 mg of purified 

Peptides often display unique growth-stimulating 
effects in microorganisms.2 Other peptides, containing 
amino acid analogs such as ,S-2-thienylalamne, may be 
more effective growth inhibitors than the free amino 
acid analog.3 Where an organism was inhibited by a 
mixture of (3-2-thienylalanine and one of its peptides, 
the inhibition was more effectively nullified by phenyl
alanine peptides than by free phenylalanine.4 

Kihara and Snell5 described the "double inhibition" 
of Leuconostoc mesenteroicles by high levels of L-alanine 
and L-leucine. This "double inhibition" was reversed 
by the addition of a mixture of glycine and L-isoleucine 
and, more effectively, by a single dipeptide, glycyl-L-
isoleucine. This concept of "double inhibition" sug
gested to us the preparation of a dipeptide containing 
two amino acid analogs in order to test whether such 
peptides would be more effective growth inhibitors than 
the constituent free amino acid analogs. The amino 
acid analogs chosen were cyclopentaneglycine6 and 

(1) (a) Presented in part at the 48th annual meeting of the Federation of 
American Societies of Experimental Biology. Chicago, 111., April 1964. 
This investigation was supported by U. S. Public Health Service Grant No. 
AI03710 from the National Institute of Allergy and Infectious Diseases. 
(b) Part of this work was taken from the M.S. thesis of Jim T. Hill, Uni
versity of Tennessee, June 1964. (c) To whom requests for reprints should 
be sent: Department of Chemistry, Abilene Christian College. Abilene, 
Texas 79601. 

(2) S. Shankman, S. Higa, H. A. Florsheim, Y. Schvo, and V. Gold, 
Arch. Biochem. BiophyH., 86, 204 (1960). 

(3) F. W. Dunn. J. M. Ravel, and W. Shive, ./. Biol. Chem.. 219, 809 
(1956). 

(4) F. YV. Dunn, J. Humphreys, and W. Shive, Arch. Biochem. Bio-pliys., 
71, 475 (1957). 

(5) H. Kihara and E. E. Snell, J. Biol. Chem., 235, 415 (1960). 
(6) (a) W. M. Harding and W. Shive, ibid.. 206, 401 (1954); (b) J. T. 

Hill and F. \V. Dunn. ./. Org. Chem., 30, 1321 (1965). 

Gly-Gly-Val-Tyr-Ile-His-Pro-Phe in 2 ml of D M F was added 0.05 
ml of AC2O and 0.05 ml of EtsN. The solution was stirred for 2 
hr at room temperature. A small amount of insoluble material 
was removed by centrifugation then 20 ml of Et^O was added to 
the supernatant giving a voluminous white precipitate. The 
precipitated peptide was washed with EtjO (two 20-ml portions) 
then dried in vacuo over KOH pellets at room temperature yield
ing 10 mg of an off white powder. Electrophoresis at pH 1.85 
showed one spot, £ H 0.30, ninhydrin —, Pauly + . There was 
no detectable free peptide at EH 0.57 under conditions where 
1% could have been detected. A 5-mg portion of the peptide 
was dissolved in 0.2 ml of 0.1 M NaOH and kept at room tem
perature for 30 min to saponify any acetyl groups on tyrosine. 
The solution was neutralized with 0.2 ml of 0.1 M HC1 giving a 
gelatinous precipitate. Normal saline containing 0 . 1 % poly
vinylpyrrolidone (20 ml) was added to prevent adsorption on 
glass. This solution was used directly for biological assay. 

/3-2-thienylalanine,7 structural analogs of isoleucine and 
phenylalanine, respectively. 

This report describes the synthesis and microbiologi
cal properties of L-cyclopentaneglycyl-,3-2-thienyl-L-
alanine, /3-2-thienyl-L-alanyl-L-cyclopentaneglycine, gly-
cyl-L-cyclopentaneglycine, and L-phenylalanyl-L-iso-
leucine. 

Experimental Section8 

Peptide synthesis employed standard coupling and deprotection 
procedures.9 The following compounds used in the present work 
were prepared earlier in this laboratory: L-cyclopentaneglycine, 
carbobenzoxy-(3-2-thienyl-L-alanine, carbobenzoxy-L-phenylala-
nine, carbobenzoxy-L-isoleucine, /3-2-thienyl-L-alanine methyl 
ester hydrochloride, L-phenylalanine methyl ester hydrochloride, 
L-isoleucine methyl ester hydrochloride, carbobenzoxyglycine, 
glycyl-L-isoleucine, glycyl-L-phenylalanine, glycyl-(3-2-thienyl-DL-
alanine, and L-isoleucyl-L-phenylalanine. 

Carbobenzoxy-L-cyclopentaneglycine (I).—To a solution of 
4.45 g of L-cyclopentaneglycine (31 mmoles) in an equivalent 
amount of 2 N NaOH were slowly added, with stirring at 0°, 
6.39 g (36 mmoles) of carbobenzoxy chloride and 18.5 ml (37 
mmoles) of 2 N NaOH, maintaining a pH of approximately 8. 
The product obtained upon acidifying the reaction mixture was 
purified by dissolving in ethyl acetate, extracting into 0.5 M 
KHCO3, and reprecipitating with HC1; yield 6.8 g (85%), mp 

(7) V. DuVigneaud, H. McKennis, Jr.. S. Simmonds, K. Dittmer, and 
G. Brown, ./. Biol. Chem., 189, 385 (1945). 

(8) All melting points were determined on a Fisher-Johns melting point 
apparatus and are uncorrected. The elemental analyses were performed by 
Galbraith Laboratories, Knoxville, Tenn. Where analyses are indicated 
only by the symbols of the elements, analytical results obtained for those 
elements were within ±0 .4% of the theoretical values. The authors grate
fully acknowledge the technical assistance of Miss Sansern Tangchai and 
Miss Pranee Limdhamarose in carrying out the microbiological assays. 

(9) (a) M. Bergman and L. Zervas, Ber., 65B, 1192 (1932); (b) J. R. 
Vaughan, Jr., ./. Am. Chem. Soc, 73, 3547 (1951); (c) D. Ben-Ishai, J. Org. 
Chem., 19, 62 (1954). 
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Dipeptides synthesized included L-cyclopentaneglycyl-(3-2-thienyl-L-alanine, |3-2-thienyl-L-alanyl-L-cyclo-
pentaneglycine, L-phenylalanyl-L-isoleucine, and glycyl-L-cyclopentaneglycine. Cyclopentaneglycine and 
(3-2-thienylalanine may be viewed as structural analogs of isoleucine and phenylalanine, respectively. The 
effect of the dipeptides on the growth of three organisms, Escherichia coli, Leuconostoc mesenteroides, and Lacto
bacillus arabinosus, was studied. Under the test conditions, the peptides had greater growth-stimulating or 
growth-inhibiting effects than equivalent amounts of the corresponding free amino acids. 
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,S2 -84°, {a]2h> - 4 . 62° (c 2, EtOH). Anal. (CuHisXO,) 0, H, X. 
L-Cyclopentaneglycine Methyl Ester Hydrochloride (II).—A 

suspension of 6.8 g of L-cyclopentaneglycine in 80 ml of MeOH 
was saturated with dry HC1 at 0°. The cold solution was allowed 
in stand for 3 hr before the MeOIl was removed from the ester 
under reduced pressure at 50°. The residue was repeatedly dis
solved in absolute MeOH and concentrated to dryness until the 
odor of HC1 was gone. After recrvstallizatioii from MeOH 
Et 2 0 the vield was 6.8 g (73'','), mp 161-16:)°. Anal. fC,IIic-
01X02) C, H, X. 

Carbobenzoxy-L-cycIopentaneglycyl-/J-2-thienyl-i.-alanine 
Methyl Ester (HI).—A solution of 2.77 g of I (0.01 mole) in 50 
ml of PhMe was treated with 0.01 mole of El3X, chilled to - 5 ° , 
and treated with 1.36 g (0.01 mole) of isobutyl chloroformate. 
After about 30 min, a cold solution of 2.36 g (0.01 mole) of ff-2-
thienyl-L-alanine methyl ester hydrochloride and 0.01 mole of 
EfiX in 50 nil of CHCI3 was added and the reaction mixture was 
allowed to stand overnight at room temperature. The resulting 
protected peptide was washed (.">'; KHCO:,, 5 ' c IIC1. 11,0) and 
isolated from the organic solvent. After recrystallizatiou from 
warm EtOH--H20 the vield was 3.7 g W ' j ) , rap 151-153°, 
1«P'-D -10 .50° (c2, EtOH). Anal. (C23H2,N20.-,S) C, H, X. 

Carbobenzoxy-(3-2-thienyl-i.-alanyl-L-cyclopentaneglycine 
Methyl Ester (IV).--In Ihe usual way. 3.03 g (0.01 mole) of 
carbobenzoxy-fi-2-thienyl-L-alanine and 1.06 g (0.01 mole) of 
II were coupled to vield 3.56 g (80' , ) of the desired product, nip 
118-121°, M2-D -24 .75° (<; 2, EtOH). Anal. 1023H2,Xs0:,S) 
0, H, X. 

Carbobenzoxy-i.-phenylalanyl-i.-isoleucine Methyl Ester (V). 
— Coupling of 2.58 g (0.01 mole) of carbobenzoxy-L-pheuylalanine 
with 1.93 g (0.01 mole) of L-isoleucine methyl ester hydrochloride 
resulted in a yield of 3.5 g (80r;.), mp 98-100°, [<*]"» -10 .10° 
(c 2, EtOH). Anal. (C54H80N2O5) (', II. 

Carbobenzoxyglycyl-n-cyclopentaneglycine (VI).—By the usual 
procedure, 2.09 g (0.01 mole) of carbobenzoxyglycine and 1.93 g of 
II were coupled to yield 2.5 g of ester in the form of an oil which 
resisted crystallization. The resulting ester was saponified with 
XaOH in It.O-AcMe to yield 1.3 g of VI (52'')), mp 74-78°. 
Anal. (CTI IHXOO;) X. 

Glycyl-L-cyciopentaneglycine (VII).—A 1.2-g sample of VI was 
hydrogenated in the presence of Pd black to yield 0.6 g (82c),-) of 
the dipeptide, mp 256-258° dec. Anal. (C9HI6X2()3) C, H, X. 

Carbobenzoxy-L-cyclopentaneglycyl-/3-2-thienyl-L-alanine 
(VIII). In warm AcMe, 3.30 g of I I I (7.0 mmoles) was saponified 
by intermittent addition of 1 X XaOH to maintain a pH of 
7.5-9.0, yield 1.67 g (54 ' , ) , mp 166-167°, M22i> +0.56° (<• 2, 
EtOH). Anal. (CV.H26X,0.-1S) C, H. 

i.-CyclopentanegIycyl-/3-2-thiertyl-L-alanine (IX).—- A 1.51-g 
sample of VIII was treated with 10 ml of a solution of glacial 
HOAc saturated with anhydrous HBr. After about 1 hr the 
solution was poured into an excess of anhydrous Et2(), and the 
resulting solid was thoroughly washed with Et 2 0 to remove 
excess HBr. The free peptide precipitated when an ethanolic 
solution of the peptide hydrobromide was neutralized with X"H4-
OI1: vield 0.95 g (85 rJ), mp 274-276° dec, [«]%> +17.76° (<• 2. 
2 A' HOI). Anal. fC„,H>„X203S) C, H, X. 

Carbobenzoxy-/3-2-thienyl-L-alanyI-i.-cycIopentaneglycine (X). 
- Saponification of 3.0 g (6.5 mmoles) of IV resulted in a 3'ield 
of 1.5 g (54 ' , ) , mp 183-184°, [a|22n -11.90° tc 2, EtOH). 
Anal. (C,,H20X2O3Si C, H. 

ji-2-Thienyl-L-alanyl-i.-cyclopentaneglycine (XI). Depiotec-
lion of 1.3 g of X with anhydrous HBr in glacial HOAc produced 
0.5 g (54',,) of Ihe peptide, mp 261-264° dec, [ffi]

22D +17.65 
(c 2, 2 .V HOI). Anal. (C,4H2„X203S) C, H, X. 

Carbobenzoxy-L-phenylalanyl-i.-isoIeucine (XII).- saponi ifici 
(ion of 3.0 g (7.0 mmoles) of V yielded 1.5 g (52%), mp 141-143°. 
|«]22n -1 .31° (r 2, EtOH). Anal. (C28HMX20;,)C, H. 

i.-Phenylalanyl-L-isoleucine (XIII).—Hydrogenalion of 1.05 g 
of XII in absolute EtOH in the presence of 150 mg of Pd black 
resulted in 0.45 g of the peptide (68%), mp 248-250° dec, [a]22i> 
+ 14.07° (c 2, 2 X HC1). Anal. (C1;,H22X,03) C, H, X. 

Biological Methods.—Growth studies were performed on 
Escherichia coli (ATOO 9723), Leuconosloc mesenleroiales P-60 
(ATCC Slrcjjtocaccus spp. 8072), and Lactobacillus arahiuosus 
17-5 (ATCC strain 8011). 

The usual growth medium lor E. coli consisted of a salt-glucose 
mixture previously used in peptide studies.4 The previously 

described medium1" used in studies with L. arahinosus 17-5 was 
modified l<> contain L-isoleucine and L-phenylalanine at concen
trations of 40 and 4 m^moles/ml, respectively. The A. imsoi-
I avid is P-60 assay medium11 was modified to contain L-isoleucine 
and 1.-phenylalanine at a concentration of 40 m/iinoles ml, 
except as noted in Tables I III and Figure 1. 

TABLE 1 

I N H I B I T I O N ' O K ( l i t o w r i i O K V A R I O U S M I C R O O R G A N I S M S 

l)l."K I'D L - O Y C L O P E N T A N E G L Y C I N E A M ) / 3 - 2 - T H I E N Y L - L -

ALANINK A \ D DIPEPTIDES OK T H E S E AMIXO Aril) ANALOGS 

-- —ID5C.'; m^moles ml— -• - -
/.. I. 

Inh ib i tor" !•'.. roh tinilnnotu* 7w ^crttrraidr:. 

Cyc 2.0 1500 300 
tf-2-Thi 0.4 300 1500 
Oyc-/3-2-thi 0.5 30 12 
/i-2-Thi-cyc 0.3 0 4 
Cyc + rf-2-Thi 0,4 300 300 
Gly-cyc 30 
Gly-/i-2-thi 401' 

" Abbreviations: Cyc, i.-eyclopentaneglycine; fj-2-Thi, ji-2-
thienyl-i.-alanine; Cyc-/3-2-thi, L-cyclopentaneglycyl-^-2-thienyl-
L-alanine; d-2-Thi-cyc, /3-2-thienyl-L-alanyl-L-cyclopentanegly
cine; Gly-cyc, glycyl-L-cyclopentaneglycine; Gly-f3-2-thi, glycyl-
/S-2-thienyl-i)L-alanine. b Amount, of inhibitor required to produce 
half-maximal growth when added to the basal medium of the 
respective organism. ' Added as DL form; calculated for 1. form. 

TABLE II 

COMPARISON- OK GROWTH INHIBITION BY 

( AcLOPENTANEGLYCINE AND / S - 2 - T H I E . N Y L A L A N 1 N E AND 

T H E I R DIPEPTIDES" ON E. coli 9723, 

I.NCt BATED FOR 16 HR AT 3 7 ° 

Ami of - G a l v a n o m e t e r r ead ings ' ' 
inhib, Inhibi tor ' ' — Inhibi tor ' ' - -• 

m M m o l e s / Cyc + Cyc-(3- f)-2- Cyc + Cyc-S- 0-2-
.j ml /3-2-Tlii 2-thi Thi-c.vc 0-2-Thi 2-thi Thi-cye 

0 60 60 59 47 50 47 
100 (iO 57 50 47 
300 01 57 29 42 30 45 

1000 57 17 5 34 0 26 
2000 5 5 0 10 
3000 4N 30 
" For abbrev ia t ions , see T a b l e I. '" Added 1o the basal med ium 

supp lemen ted wi th 5000 m/jmoles of L-cyclopentaneglycine, 5000 
m^moles of /3-2-thienyI-L-alanine, and 300 m^moles of isoleucyl-
L-phenylalanine 5 ml. <' Added to the basal m e d i u m supple
m e n t e d wi th 5000 immioles of L-cyclopentaneglyciue, 5000 
m^moles of £J-2-lhienyl-L-alanine, and 300 m^moles of L-pheuyl-
alanyl-L-isoleucine '5 ml. rf Distilled water reads 0, and an opaque 
object reads 100. 

Bacterial growth was measured as turbidity in an iiisl rumeni 
previously described.12 All results were confirmed by at least 
three independent growth studies. 

Results and Discussion 

Two of the organisms used, L. arabinosus and /,. 
mesenleroides. require an exogenous supply of amino 
acids, while the third, E. coli. does not. Table I shows 
that the isomeric dipeptides. L-cyclopentaneglycyl-/3-2-
thienyl-L-alanine and /3-2-thienyl-L-alanyl-L-cyclopen-
taneglycine, were about equal to a mixture of the two 
free analogs or to free thienylalanine in producing 50% 
inhibition of E. coli growth. However, for 50% inhibi-

(10) J . M . Rave l . 1.. Wiimls. IS. Felsing, and W. Shive, J. Biol. Cliem., 206, 
091 ( ]9o4) . 

(11) B. F . Steele. H. K. Sauber l ieh, M. S. Reyno lds , a n d C. S. ISauman, 
ibid.. 177, 533 (1949). 

(12) R. .1. Wil l iams. L\ O. -MeAlister, a n d R. R. R o e h m , ibid., 83 , 315 
(1929). 
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TABLE I I I 

UTILIZATION OF ISOLEUCINE, PHENYLALANINE, AND T H E I R DIPEPTIDES FOR REVERSAL OF 

INHIBITION BY DIPEPTIDES OF CYCLOPENTANEGLYCINE AND /3-2-THIENYLALANINE" ON 

L. mesenteroides P-60, INCUBATED FOR 16 HR AT 30° 

, Galvanometer readings'* • 
-Reversing agent" 

lieu + Phe Phe-ileu lieu 

7 

9 
32 
38 
41 

Phe 
-Reversing agent0— 

lieu + Phe Phf -ileu 

9 

mMmoie of ' 
reversing . 

agent/5 ml Ileu Phe Ileu -f Phe Phe-ileu Ileu-phe 

0 9 11 9 9 10 
10 22 24 
30 10 49 56 

100 12 10 12 66 66 
300 27 9 52 
500 47 10 69 

1000 48 10 
"Abbreviations: Ileu, L-isoleucine; Phe, L-phenylalanine; Phe-ileu, L-phenylalanyl-L-isoleucine; Ileu-phe, L-isoleucyl-L-phenyl-

alanine. h Added to the basal medium supplemented with 500 iruimoies of L-cyclopentaneglycyl-/3-2-thienyl-L-alanine/5 ml. c Added 
to the basal medium supplemented with 500 m^moles of /3-2-thienyl-L-alanyl-L-cyclopentaneglycine/5 ml. d Distilled water reads 0, 

9 
14 
45 
68 

23 
50 
64 

Ileu-phe 

5 
10 

64 

and an opaque object reads 100. 

30 50 70 100 

m/xmoles/5 ml. 

Figure 1.—Growth stimulation of L. mesenteroides P-60 by a 
mixture of L-phenylalanine and L-isoleucine (O), L-isoleucyl-L-
phenylalanine ( • ) , and a mixture of glycyl-L-isoleucine and 
glycyl-L-phenylalanine (X) in the basal medium supplemented 
with 2000 m^moles of /3-2-thienyl-L-alanine, 2000 m/jmoles of 
L-cyclopentaneglycine, and 300 mjumoles of L-cyclopentaneglycyl-
/3-2-thienyl-L-alanine/5 ml. The tubes were incubated for 16 
h r a t 3 0 ° . 

tion of L. arabinosus and L. mesenteroides growth the 
dipeptides were 10-70 times more potent than either of 
the constituent amino acid analogs or an equimolar 
mixture of both amino acid analogs. Table I also shows 
that the dipeptide /3-2-thienyl-L-alanyl-L-cyclopentane-
glycine was more toxic than its isomer in all three 
organisms. The glycyl peptides of /3-2-thienyl-L-
alanine and L-cyclopentaneglycine, tested in L. mesen
teroides, were found to be about 10-40 times more toxic 
than either of the constituent amino acid analogs alone 
and nearly ten times more toxic than an equivalent 
amount of a mixture of both analogs. 

When the basal medium for E. coli was supplemented 
with inhibitory levels of both L-cyclopentaneglycine and 
/3-2-thienyl-L-alanine growth could be made dependent 
on the addition of both L-phenylalanine and L-iso
leucine or their dipeptides. In the experiments de
scribed in Table II, these two natural amino acids 
were provided in the form of their dipeptides at such 
levels as needed to support growth. In such a system, 
the inhibitory effect of either L-cyclopentaneglycy 1-/3-2-
thienyl-L-alanine or /3-2-thienyl-L-alanyl-L-cyclopen-
taneglycine was much more pronounced than a mixture 
of the corresponding free amino acid analogs. Since 
in these experiments growth of the organism is depen
dent on isoleucylphenylalanine or phenylalanyliso-

leucine, it may be inferred that peptide utilization was 
blocked in a specific way by the peptide analogs at a 
site yet to be determined. 

The complete reversal of the growth inhibition due 
to the peptides containing both amino acid analogs 
might be expected to require the presence in the medium 
of both of the corresponding natural amino acids, as is 
shown in Table III. L. mesenteroides growth inhibition 
due to either L-cyclopentaneglycyl-/3-2-thienyl-L-alanine 
or /3-2-thienyl-L-alanyl-L-cyclopentaneglycine was com
pletely nullified only with the addition of both iso
leucine and phenylalanine either in the form of a mix
ture or in the dipeptide form. It can be seen in Table 
III that either of the dipeptides containing the re
quired natural amino acids was more effective in re
versing the inhibition than was an equimolar mixture 
of the two natural amino acids. Isoleucine alone 
reversed the inhibitory effects of the dipeptide analogs 
better than phenylalanine alone, but only a combination 
of both amino acids allowed full growth. 

I t seemed of interest to determine whether or not the 
"double inhibition" by the dipeptide analogs containing 
both cyclopentaneglycine and /3-2-thienylalanine and 
the pronounced growth stimulation by the dipeptides 
containing isoleucine and phenylalanine specifically 
required that the amino acids be in the same peptide. 
When growth of L. mesenteroides was inhibited by the 
dipeptide analog L-cyclopentaneglycyl-/3-2-thienyl-L-
alanine and a mixture of L-cyclopentaneglycine and 
/3-2-thienyl-L-alanine, ail equimolar mixture of L-
phenylalanine and L-isoleucine showed little growth-
promoting effect (Figure 1). The dipeptide L-iso-
leucyl-L-phenylalanine completely nullified the growth 
inhibition, as did an equimolar mixture of two di
peptides, glycyl-L-isoleucine and glycyl-L-phenylalanine. 
Growth was promoted equally well by supplying 
phenylalanine and isoleucine in a single dipeptide or in 
a mixture of two different dipeptides. However, the 
two free amino acids did not promote growth at similar 
levels of concentration. In promoting growth of L. 
mesenteroides, under the testing conditions, the required 
amino acids are more effective when presented in pep
tide form, but it is not obligatory that they be in the 
same peptide. 

Resting cell studies demonstrated that all dipeptides 
herein reported were hydrolyzed by all three micro
organisms. Therefore, the bacteria possess the capabil
ity for membrane transport and hydrolysis of these 
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peptides. The unusual growth-stimulating and growth-
inhibiting effects observed for these peptides could be 
accounted for in terms of membrane transport and 

A recent review article1 has reported on the many in
vestigations that have been made to evaluate relation
ships between the structure and antibacterial activity of 
substituted sulfonamides (SA). A linear correlation 
was observed between the logarithm of the minimum 
inhibitory concentration (MIC) for Escherichia coli and 
various physicochemical properties within the closely 
chemically related series of the substituted Xi-phenyl-
sulfanilamides. The pertinent physicochemical param
eters were Hammett substituent constants (a), dissocia
tion constants of the free amino (pifai') and the sulfon
amide groups (pA'as'),

2 and measures of the electron 
density of the nitrogen atom in the substituted anilines 
that were the SA precursors, determined from ir23 and 
nmi'4 measurements. A recent analysis5 of the struc
ture activity relationships of a series of SA has indica
ted that these a, \)KJ values, and partition coefficients 
estimated from a series of compounds with the same 
substituents6 are statistically correlated with MIC data. 
This indicated a statistically significant effect not only 
of a but of the fraction of the drug in the undissociated 
form in the nutrient media and its oil/water partition 
coefficient on these MIC values. 

The action of SA on drug-equilibrated microbial 
growth in an individual cell has been described by a 
model that involves the partitioning of SA between the 
medium and the cell interior to establish a concentration 
of SA inside the ('ell (»S") which can react with receptor 
sites (H).7S The apparent first-order generation rate 

U) J. K. Seydel . •/. I'harm. Sri.. 57, 1455 (1968). 
|.2) .]. K. Seydel , Mol. Pharmacol. 2, 259 (1966). 
i3) J. K. Seydel , E . Kruge r -Th iemer , and E . W e m p e . Z. Xaturforsch., 15b, 

628 (1968). 
M) .1. K. Seydel , Proceedings of t he 3rd I n t e r n a t i o n a l P h a r m a c o l o g y Mee t -

ins, Sao Paolo , 1966. Vol. 7. P e r g a m n n Press , 1968. p 169. 
(o) T. I 'uj i la and C. Hansch , ./. Me,I. Chem., 10, 991 (1967). 
Hi) T. Fuj i ta , .1. Iwasa . and ( ' . Hansc-h. ./. Am. Chem. Sue., 86, 517:"> 

i I1IIH). 
(7) K. K. Gar re t t and O. K. Wr igh t . ./. I'harm. Sri., 56, 1576 (1967). 
(8i E. R. O a r r e u , O. H. Miller, and M. It. W. Brown, Mil.. 55, a\r.\ 
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competition for transport by two peptides, e.g.. L-
isoleucyl-E-phenylalanine and E-cyclopentaneglyeyl-jJ-
2-thienyl-L-alanine. 

A-1 K~ 

constant, A'app, in sec™1, of a bacterial culture in steady-
state growth and affected by SA concentration, S, ad
heres to the equation 

A'app = A-„ " A'rA-SVU + A-),»S") (2) 

where A'() is the generation rate constant in absence of 
drug and A'h is defined as the product of the two equilib
rium constants of eq 1. The parameter kh may be cal-

/,•,, = KiK-, (1. Mmole-') (••) 

culated from positive A:app values observed at different 
concentrations of SA in the media and is independent of 
the SA concentration. The determination of MIC 
(umole l._1), however, involves the observation of the 
absence of some degree of turbidity considered as a man
ifestation of an increase to a constant number of orga
nisms after an arbitrarily fixed time interval. The 
activity parameters A'hl of two drugs can be related to 
their MIC values when the ideal condition of A'app = 0 is 
considered and where S[ might be equal to MIC;. 
from simultaneous equations for each drug according to 
eq 2, the ratio of the activity parameters can be calcula
ted as 

/,-,„ kh, = MICvMICi (4) 

Thus under the conditions specified the ratio of the A',, 
values is equal to the reciprocal of the ratio of their cor
responding MIC values. However, the validity of the 
MIC value per se is limited by the sensitivity of the 
turbidimetric method and the normal error of the serial 
dilution techniques used. It is essentially a one-point 
method. In addition, at the dosage levels of SA which 
completely inhibit bacterial growth, as was shown for 
the specific case of sulfisoxazole-affected growth rates,' 
an additional phenomenon of kill or death of micro
organisms occurs. Thus the MIC value might be based 
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The apparent first-order generation rate constants, kmv, were determined in the steady-state growth of Enchir-
ichia roli in presence of graded concent rations, S, of a series of systematically substituted Ni-phenylsulfanilamides. 
Ki'om the expression k,lw = ka — kakhS/(] + khS), where k0 is the determined generation rate constant in absence of 
drug, the bacteriostatic activity parameters, kh in 1. pinole -1, were calculated. A good linear relationship was ob
tained between log kh values and modified Hammett substituent parameters, p = 1.12 ± 0.11, with the exception 
of the parent compound and the Xi-3,.5-dinitrophenylsulfanilamide. A systematic dependency of AM, values on pH 
in the range of 6.0-7.4, where k0 was constant, was not observed. The A',,,,,, values obtained in the presence of sul
fonamide when extrapolated to zero drug concentration yielded calculated values for k„ that showed dependence 
on pH. The activity parameters were independent of the determined chloroform -water distribution coefficients 
and applications of these data to the Hansen equation did not improve the correlation of k,. with substituent 
constants. 


