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Investigations in this laboratory (1) have demoustrated the axis- 

teuce of two ensymsr in Bscherichia coli 83-24 which catalyze the first 

step in the biosynthesis of the arowatic smiuo acids, the formation of 

3-deoxy-parabiuo-heptulosonic acid 70phosphate (DAWP)m The activity 

of one of the DAWP synthetases Is inhibited in vitro by pheuylalanine -- 

(phelDAWP synthetase) and the activity of the other Is inhibited & 

vitro by tyrosine (tyr-DAHP rynthetase). The synthesis of the tyr- 

DAHP synthetase was found to be repressed by tyrosine and by a number 

of structural analogs of tyrosine (2). Soveral of the tyrosine analogs 

which are as effective as tyrosiue In repressing the synthesis of the 

tyr-DAMP syuthetase in g. & 83-24 do not inhibit the growth of the 

parent organism, & & W (2). Still another analog, 4-awinophenyl- 

alanine, which Is wore effective than tyrosine in repressing enzyme 

synthesis, inhibits the growth of g. w W, but Its growth inhibitory 

effects are completely overcoms by shlkiwlc acid (2). 

decent reports by several investigators (3,4,5,6) have indicated 

that the ability of an amino acid to regulate its owu blosynthssls by 

feedback repression is dependent upon the ability of the a&no acid to 

be activated and transferred to 8RNA by its specific aminoacyl-RNA 

synthetase. Calendar and Berg (7) have shown that 3-fluorotyrosine and 
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5-hydroxy-2-pyridiuealauine are activated by the tyrosyl-MA synthetases 

of g. coli B and Bacillus subtilis. It was, therefore, of interest to 

determine whether or not other analogs of tyrosine which are capable of 

substituting for tyrosine in repressing the tyr-DAEP eynthetaee but do 

not appear OQ the basis of growth data to interfere with the utilization 

of tyrosine for general protein synthesis, are activated by tyrosyl-EW 

synthetase. The results of the present investigation show that tyroeine 

analogs of this type are not activated by crude or purified preparations 

of tyrosyl-RNA synthetase, indicating that activation of the feedback 

repressor is not required for the repression of the tyr-DAliP rynthetase 

in B. co11 83-24. 

ExPEpIMEI?TAL 

Materials. - Chromatographically pure kphenylalanine, ktyrosine 

and ktryptophan were purchased from Calbiocheu. The tyroeine analogs 

were the generous gifts of Dr. C. G. Skinner, Dr. L C. Smith, and 

Dr. A. L. Davis. & &mutant 83-24 which is blocked after rhikimic 

acid (8) was kindly furnished by Dr. B. D. Davis. Potassium 32pw 

pyrophosphate was prepared by pyrolysis of potassium 32 P-phosphate at 

400’ for 1 hour and was diluted without further purification, with 

appropriate amounts of sodium pyrophosphate. 

Remration of Cell Extract8 ti Fractionation of Tvroryl-iU?h 

Spnfhetue. - Cells of E. 83-24 were grm for 17 hours at 37’ in 

ntinimal medium A (9) rupplsaeated with 0.2% Mfco yeast l utract and 

0.2% 8heffield If2 case. The cells were harvested, washed and resuspended 

in 0.04 Y Tris buffer, pE 7.5, containtug 0.01 X B-mercaptoethanol. 

Cell extracts were obtained by exposing the cells to sonic oscillation, 

followed by centrifugation at 15,000 x g* The crude extracts were 

dialyzed for 2 hours at 4” against 0.04 M Tris buffer, pH 7.5, jwt 

prior to use in the ATPPPi exchange assays* Purified tyroryl-m 
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rynthetase wa8 obtained from the crude extract by precipitation with 

ammonium 8ulfate between 60 and 70 per cent of saturation followed by 

adrorption on a DZAbcellulore column and elution with 0.15 H potarrium 

chloride. Prepuationa obtained in this manner ahow a Zbfold increare 

in the specific activity of the tyro8yl-RNA clynthetare a8 rarured by the 

tran8fer of l4 C-tyro8ine to rRN8 and contain very little, if any, phenyl- 

alanyl- and tryptophanyl-RNA 8ynthetarer. 

ATPdP, Rxchange. - The reaction mixture contained, in a tot81 

volume of 1 ml, ATP, 2 mIQ magnesium chloride, 10 884~ Tria buff8r, 0.1 

b& pE 7.7; B-mercaptoethanol, 20 mM; 8odiUtI 32P-pyropho8phate, containing 

approximately 3 x 10' c.p.m.; enzynm, either crude or purified, and & 

tyrorine or tyro8ine analog8, a8 indiaated. Aft8r incubation for 10 

minute8 at 37’. the reaction we8 8tOpped by the addition of 0.5 ml of 

7% perchloric acid, and the amount of 32 P incorporated into ATP wa8 

determined by a modification of the method described by Berg (10). 

&WI80 gYnthe8i8. - 83-24, grovn a8 dercribed above, 

were wa8hed twice and reauepended at a concentration of about 1 mg dry 

weight of cells per ml in minimal medium A eupplem8nted a8 indicated in 

Table II. After incubation at 37' for 2 hours, the cell8 were treated 

with toluene and aseayed for tyr-DAHP eynthetaee (2) and ornithine trana- 

carbamylase (11) ae previously described. To mearrure the synthesie of 

g-galactosidare, the cell8 were incubated for 2 hour8 in minimal medium 

A containing 2 mg of lactose per ml instead of gluco8e, treated with toluene, 

and a88ayed for &galacto8ida8e a8 previously described (12). 

RESULTS AND DISCUSSION -w 

The ability of a number of analogs of tyrosine to be activated by 

crude extract8 of 5 83-24 and by purified preparations of tyroryl- 

IUA rynthetase from this organism is ahown in Table I. The ability of 

these analog8 to reprere the aynthesie of the tyr-DMiP synthetase in 

83-24 and to inhibit the growth of & &,&W ha8 been reported 
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previously (2). Phenylalanine, which is one tenth as active as tyro- 

sine in repreraing the synthesis of the tyr-DAHP synthetaee in g. coli 

83-24, ie activated by crude extracts but not by tyroeyl-WA eynthetase. 

Tryptophan, which has only slight activity in repressing the synthesis 

of the tyr-DAEP synthetaee, is activated by the crude extract but not by 

the purified tyroeiue activating enzyme. 3-Fluorotyrosine and S-hydroxy- 

P-pyridlnealanine repress the eyntheaie of the tyr-MliP synthetase; how- 

ever, these analogs inhibit the growth of & m W, and their grwth 

inhibitory effects are not appreciably overcome by shllcimic acid. As 

would be eqected, these analogs, which are activated by the tyroayl-RN4 

TABLE1 

Activation of Tyro8ine Analoga by Crude aud Purified Extracts 

0f g. * 83-24 

Supplement8 Concentration Crude Purified 
extract tyro8yl-RM 

mM ryntheta8e 

crpomo in ATF+* 

mm 

plYpZO8ilb0 

&&henylalauioe 

pwtoph- 

*3-Fluorotyrosine 

D&-S-liydroxy-2-pyridinealanine 

lr 4-Amimphenylalatine &3-Mtrotyrorine 

J+Nitrcpbuyl8laxfne 
~34hian8phthcneal8ni,ne 

123 24 

0.01 1322 1370 
0.1 2979 2710 
0.1 1759 29 
1.0 - 32 
0.1 2846 75 
1.0 m 78 

0.2 1294 1550 
2.0 2287 2250 
0.2 464 603 
2.0 1453 2040 

2X 162 156 38 64 

243 
t’:X 199 33’ 

*The reaction mixture de8cribed in the te%t contalznd 32~pyropho8phater 
‘320,ooO a,p~a,, and l fther crude l xtraOt, 40 w of protein, or DIME- 
cellulo8e fraction, 2 pg of protela The c.p.m. reported abwe have been 
carected for control8 in ubich l n8yae ~88 omitted fxa the reaction 
mixture. 
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syothetase of 5. calf B and & subtilis (I), are also activated by the 

tyrosyl=RNA synthatase of g. coli 83-24. 

In contrast, 4-aminophenylalaaine, whore growth inhibitory effect 

in ge s W is completely overcoue by shikiuic acid, is not activated 

by the tyrosyl-RNA syathetase of I& 83-24, nor is it activatad by 

the tyrosyl-RNA synthetases of 5. B or 2. subtllis (13). In addition, 

no significant activation is observed with crude extract. This compound, 

however, represses the synthesis of the tyr-MRP synthetase at a lower 

concentration than tyrosine. 3-Nitrotyrosiae, which represser the sya- 

thesis of the tyr-DANP syathetase at approximately the ssme concentrations 

as tyrosine, shows no evidence of activation by the tyrosyl-RNA syathetase 

at concentrations up to lOO-fold above the effective level of tyrosine. 

4-Nftrophenylalaniae and 3-thianaphthenealanine, which do not inhibit the 

W but do repress the synthesis of the tyr-DAIiP synthetase 

83-24 at concentrations comparable to tyrosine, are not acti- 

vated by the tyrosyl-RNA synthetaue, nor is a sigaificaat activation 

observed with crude extract. 

~a separate experiueats, those analogs which are not activated by 

the tyrosyl-RR4 synthetase were tested for their ability to prevent the 

activation of tyrosine. At ratios of analog to tyroaine of 200 to 1, 

no significant reduction in the activation of tyrosine is observed. 

AZSO, of all the analogs listed in Table I, only 3-fluorotyrosine and 

3-hydroxy32-pyridinealanine were found to inhibit the transfer of 14+ 

tyrosiue to sRN& 

Prom those data, it appears that several analogs of tyrosine which. 

are capable of inhibiting the syuthesis of the tyr-R&P synthetase in 

&. tori 83-24 are Dot activated by the tyrosyl-RNA synthetase or by crude 

extracts of this organism, The observed inhibition of synthesis of tyr- 

D&P syuthetase by these analogs could be the result of inhibition of 

gezmral protein synthesis or the result of specific repression of enzyme 
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synthesis. In order to demonstrate the specificity of the inhibition, the 

effect of several of these analogs on the synthesis of ornithiue trans- 

carbamylasa and of $-galactosidase was determined, aad the results are 

shown in Table II. More than 20-fold increases in the amount of these 

ensymss are obtained under the conditions described in the Experimental 

sect ionLo Under these conditions, arginine represses the synthesis of 

ornithine transcarbamylase, and no detectable synthesis of &galactosidase 

is observed when the medium is supplemented with glucose instead of lactose. 

In separate experiments a mixture of amino acids at a concentration of 

0.05 wles of each amino acid per ml of medium was added during the two 

hour incubation period,and the synthesis of these ensymes was found to be 

no more than P-fold greater than that observed in the absence of added crppino 

TABLE II 

The Effect of Tyrosins Analogs on Ensyms Synthesis 

Supplements during 
2 hour incubatloa 

&mue Activity. Per Cent of Control 
Concentration Tyr- W Ornithina &calacto- 

ml4 8ynthetase transcarbrglaae ridase 

t?one 100 (0.6)* 

lpyrosiae 0.02 34 
0.05 <5 

w3-Pluorotyrosine 0.1 <5 67 49 
0.2 <5 58 39 

It4-Aminopheaylalanine 0*02 16 
0.1 <5 

*3-Thiacaphthenealanine 0.04 40 
0.2 10 

&dLrginine 0.05 100 

100 (8.4)* 100 (3.4)* 

100 100 
124 110 

100 96 
116 90 

<5 

100 
100 

110 

* 
Micrcwles of product fo& per mg dry weight of cells under the assay coaditions 
described in th text. The 8pecific activity of the cell8 befere the 2 hour 
incubation period was less than 5 per cent of these valor. 
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uid8, indicating that the l ndogamu8 supply of amino acid8 ie not rreverely 

1lm1t log. A8 reen ia Table II, 3-fluorotyrorine, whfch ie activated both 

by crude extract8 and by purified tyroeyl-M#a rynthetase, partially 

inhibits the syntheeie of ornithine transcarb8mylaae and &galacto8idase, 

and cmpletely inhibit8 the 8yntherle of tyr-DAMP syntbetaae. In coturut, 

4-amirvphenylalanine and 3-thianaphthenealanine, which are mt rignifi- 

cantly activated by crude extract8 or by purified tyroryl-RNA 8ynthetue, 

do cot inhibit the s-had8 of ornithilw tranrcarbqlue or &gala&o- 

8ida8e but do repreM the 8pthe8i8 of the tyr-D&Q 8pthefue. From 

there data, it appear that b~mphenylalanh8 and 3-thianaphtheneal8nine 

do not inhibit overall protein syntbris but do rpecificelly reprerr the 

8yIde8i8 Of tb tyr-m 8mbet88e. 

No evidence wa8 obtained whlcb would indicate that 4-miawphenyl- 

alanine and 3-thWmphthenealanlne represr the 8yntheris of tyr-naaP 

rpthetue by a 8nchani8m different then that of tyrO8b8, e. g, main- 

tabing the concentratioti of eadogewu8 tgfOlitl& N8ither of the8e two 

MUlOg decrwe8 the inmount of tyrorine required for the growth of & 

a 83-24, and a mtxture of 3-thienaphtbenealanine and tyrorine 8re not 

8ynergirtic in repre88ing the rynthe818 of the enzgnw* 

Therefore, it appear8 that, in the ca8e of fhe tyrDAlW ryathetare 

in &. & 83-24, repralrion of en8ym synthe8ir i8 probably not dependent 

upon the participation of the tyro8lne activating en8P8 involved in 

general protein 8yQthr8i8. 
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