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SUMMARY 

The amino acid sequence of E. & UDP-galactose 4- 

epimerase has been determined through the amino-terminal 

28-amino acid residues using an automated protein sequenator. 

Alignment of UDP-galactose operon messenger RNA and the 

amino acid sequence of epimerase demonstrates that the 

first 26 bases in the mRNA are transcribed but do not 

take part in translation of epimerase. 

INTRODUCTION 

UDP-galactose 4-epimerase has been the subject of many 

studies aimed at determining the mechanism by which it 

catalyzes the interconversion of UDP-glucose and 'UDP-galactose 

(1,2). In recent years these studies have mainly utilized 

the enzymes from E. coli and yeast (3,4). 

UDP-galactose 4-epimerase is an exception to the general 

rule that enzymes involved in catabolic pathways do not 

catalyze biosynthetic reactions. The reaction catalyzed 

by this enzyme is the sole pathway for the biosynthesis 

of UDP-galactose in cells growing in the absence of galactose 
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and is also an essential step in the conversion of galactose 

to glucose l-phosphate, the catabolic pathway that allows 

to utilize galactose as a carbon source (5). The 

structural gene for this enzyme maps in the galactose operon 

and is adjacent to the operator gene (6). The regulation 

of this system has been the subject of may studies (7--151, 

and currently de Crombrugghe is determining the sequence of 

galactose operon messenger RNA. Because the struc- 

tural gene for this enzyme is at the operator end of the 

galactose operon and because transcription and translation 

both start at this end of the operon, a knowledge of the 

NH*-terminal sequence of E. - coli UDP-galactose 4-epimerase 

allows the determination of the first translation-initiation 

signal in the galactose mRNA, and the sequence between this 

site and the 5' end should include the galactose operator 

sequence. In this study we have used a sequenator to 

determine the amino acid sequence of the first 28 residues 

starting with the amino terminal residue of pure E. coli -- 

UDP-galactose I-epimerase. 

EXPERIMENT 

The strain of bacteria used was E. coli K12 having the 

genotype c-, ade-, thi-, gal T-, gal RC lysogenic for AQSdg 

from which the gal operon or the phage was derived from p ga18. 

This strain was grown in a 12-liter fermenter (New Brunswick 

Scientific) in 10 liters of media containing 16 grams Bacto- 

tryptone, 10 grams yeast extract, and 5 grams sodium chloride 

per liter. The cells were grown at 30°C to a density of 7 x 

108/ml, and then the temperature was raised to 45OC, kept 

there for three minutes, and then dropped to 37OC. Growth 

was continued for an additional two hours, and then the 
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temperature was reduced and the cells harvested as quickly 

as possible using a refrigerated Sharples continuous-flow 

centrifuge. The cell pellet was stored frozen at -20'~. 

The UDP-glucose dehydrogenase used in the epimerase 

assay (3) was fraction v from the purification of Wilson 

(16). Protein was determined by the Lowry procedure (17). 

UDP-galactose 4-epimerase was purifed as described 

previously (3) except that the frozen cells (16 grams) were 

thawed, homogenized in 300 ml of 0.01 M KP04 (pH 7.0) contain- 

ing 10 -3 M EDTA. This treatment was sufficient to lyse the 

cells and prepare the extract. The only other modification 

was that the hydroxylapatite (Hypatite C, Clarkson Chem. 

Co.) column was run at pH 7 instead of 6.5, after the 

DEAE sephadex A50 column instead of before it. The purity 

of epimerase was evaluated by electrophoresis on a 7 l/2 % 

polyacrylamide gel using the standard Tris--glycine dis- 

continuous buffer system (18), as well as NH2 -terminal 

analysis (20). 

Performic acid oxidation of UDP-galactose 4-epimerase 

was performed in the following manner. The enzyme (4 mg) 

was dissolved in 300 ~1 of performic acid prepared by 

mixing 9.5 ml formic acid (88%) and 1.0 ml hydrogen peroxide 

(30%) at OOC. Oxidation proceeded for 2 hr at O'C, after 

which the protein was diluted with distilled water and 

lyophylized. After drying, dilution and lyophilization were 

repeated to remove traces of acid. 

Native and perform&-acid-oxidized UDP-galactose 4- 

epimerase was subjected to automated sequential Edman 

degradations on a sequenator (Beckman model 890) using 

1 M Quadrol buffer according to a modified procedure of 
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Edman and Begg (19). (All reagents used in sequential 

analysis were purchased from Beckman Instruments) The 

thiazolinone resulting at each step of the degradation 

was converted to its isomeric phenylthiohydantoin amino 

acid by heating in 0.2 ml of 1.0 N HCl at 80' for 10 

min. (20). 

PTH amino acids residing in the ethylacetate extract after 

conversion were identified by thin-layer chromatography using 

system Hl of Edman (21). Confirmation of these identifications 

wasmade by gas chromatography (Beckman GC 45 gas chromatograph) 

under isothermal conditions with Beckman SP400 as the solid- 

support resin. The polar PTH amino acids, arginine, histidine, 

and cysteic acid, remaining in the aqueous phase after conversion 

were identified by thin-layer chromatography using a solvent 

composed of chloroform: methanol: heptafluorobutyric acid, 

70:30:0.5. Further identification and confirmation of these 

polar PTH amino acids were accomplished by gradient liquid 

chromatography (Waters liquid chromatograph ALC 202 ) using a 

Cl8 microporasil column and a modified procedure of Zimmerman 

et a1.(22). 

RESULTS 

The purified UDP-galactose 4-epimerase had a specific 

activity of 15,000 units/mg, showed a single band when sub- 

jected to "disc" electrophoresis, and released only one 

PTH amino acid (PTH methionine) on end-group analysis. This 

native enzyme was subjected to automated Edman degradation. 

The sequence elucidated by this analysis is presented in 

Fig. 1 which depicts the yield of the PTH amino acid at 

selected steps of the degradation. Positive identifications 

were made at each step of the degradation through residue 
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Fig. 1. Repetitive-yield curve of PTH amino acids obtained 
at selected steps of the automated degradation of native 
UDP-galactose 4-epimerase. Background PTH amino acid was 
subtracted to give actual PTH yield. The complete amino 
acid sequence of the first 28 residues of UDP-galactose 4- 
epimerase is presentedat the top of the figure. 

28 with the exception of Step 2 (which was tentatively 

identified as arginine) and Step 17, which remained 

unidentified in this degradation. The calculated average 

yield per cycle from Step 3 (valine) to Step 27 (valine) 

or Step 4 (leucine) to Step 28 (leucine) was found to 

be 94.2% and 94.6% respectively. 

In order to identify the residue released at Step 17 

and to reconfirm the residue at Step 2, as well as the 

other steps in this initial degradation, E. 

was performic-acid oxidized and then degraded by the 

automated Edman procedure. Results of this second degrada- 

tion confirmed the assignment of arginine at Step 2, as 

well as the other assignments, and identified position 17, 

which was found to be PTH-cysteic acid. The results of 
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Fig. 2. Correlation of Gal mRNA and UDP-galactose, 4-epi- 
merase sequences. 

these two degradations completes the NH2-terminal amino 

acid sequence of the first 28 residues of UDP-galactose 

I-epimerase. 

DISCUSSION 

This study confirms an earlier investigation (23) re- 

porting that the two subunits of epimerase have an identical 

NH2-terminal amino acid sequence. The NH2-terminal amino 

acid is methionine, however, and not aspartic acid as was 

reported (23) in the earlier study. 

The structural gene for UDP-galactose 4-epimerase 

maps at the operator end of the galactose operon. Since 

transcription and translation begin at this end of the 

operon, the N-terminal sequence of epimerase allows the 

determination of the first translation-initiation signal 

in the galactose operon mRNA. Recently, the partial 

sequence of E. coli galactose operon messenger RNA has been 

elucidated (24). Alignment of this mRNA base sequence and 

the amino acid sequence of epimerase (Fig. 2) demonstrates 

that the first 26 bases in mRNA do not take part in trans- 

lation of epimerase. Protein-chain initiation begins with 
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AUG (in positions 27--29 in the mRNA base $aquence) which 

codes fortheNTtermina1 methionine in eptierase. Starting 

with residue 27, the amino acid sequence of epimerase 

exactly corresponds to the mRNA sequence through position 77. 

The base sequence beyond 77 has not yet been established, 

but the amino acid sequence in positions 18--28 that we 

report here should be helpful in predicting the mRNA 

nucleotida sequence within the limits imposed by the 

degeneracy of the code. 
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