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SUMMARY. An examination of the C-l NMR proton signals aris- 
ing from D-glucose and D-xylose as they are produced from the 
ketose viz an isomerase%atalyzed reaction in deuterium oxide 
solution indicate that both conversions proceed via 1,2-proton 
transfer with no solvent exchange at C-2 of the aldose. In the 
latter case, the initial product appears to be cl-D-xylopyranose. 
In a reinvestigation of the phosphoglucose isomer&e reaction, 
a combination of 1,2 transfer and solvent exchange could be 
verified, but, contrary to an earlier report, the observed pro- 
ducts are an equilibrium mixture of the c1 and @-z-glucose-6- 
phosphates. 

INTRODUCTION. NMR spectroscopy has been used to study mech- 

anistic aspects of a number of enzyme reactions (l-3), and a re- 

cent study in this laboratory (4) involving phosphoglucose 

isomerase and phosphoribose isomerase reported that, by observing 

NMR signals arising from the C-l protons (the anomeric protons) 

of the aldose as it is produced from the ketose, it is possible, 

in theory, to determine the importance of 1,2 proton transfer (5) 

versus solvent proton exchange at C-2 of the aldose, and, to de- 

termine the anomeric form of aldose initially produced (anomeric 

specificity). This report describes such applications to some 

;-fructose-z-glucose and g-xylulose-g-xylose interconversions 

catalyzed by a crystalline manganese-requiring isomerase ob- 

tained from a Streptomyces species, and, to a reinvestigation of 

the phosphoglucose isomerase reaction with respect to anomeric 
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specificity. 

RESULTS AND DISCUSSION. The incubation of g-fructose at 68 
for 12 hours and ;-xylose at 37' for 3 hours with isomerase in 

buffered deuterium oxide produced equilibrium mixtures in which 

the anomeric proton signals of g-glucose (Hla=74.78, J = 3.0 

cps; H,'=75.43, J = 7.5 cps) and g-xylose (Hla=74.72, J = 3.0 

cps; HlB=75.43, J = 7.5 cps) all appeared as doublets produced 

by splitting by a proton at C-2, indicating a conversion in- 

volving exclusive 1,2 proton transfer when proceeding from ke- 

tose to aldose. This observation is in contrast to the phos- 

phoglucose isomerase reaction (4) where considerable solvent 

exchange occurs at C-2 (as evidenced by initial, partial deuter- 

ium incorporation at C-2 and the resultant production of both 

doublet and singlet signals from H1 protons), but is in agree- 

ment with recent conclusions reported by Mildvan and Rose (6) 

for a similar g-xylose isomerase. 

Because the L&xylulose-I&xylose interconversion was sub- 

stantially faster than the rate of spontaneous anomerization of 

.Q-xylose itself, it was possible to determine anomeric specific- 

ity in this system. Thus, _D-xylulose and isomerase, in buffered - 
deuterium oxide were placed in a spin tube, held at 37', and NMR 

spectra scanned at intervals. The results (Fig. 1) indicate the 

initial, preferential appearance of Hla signals. The appear- 

ance of weak HIB signals after 20 minutes reaction is consistant 

with formation via spontaneous mutarotation of the a anomer 

under the conditions employed. Since signals produced by D- = 
xylulose interfere with the detection of HIB signals only at 

very low levels, and, the measured ratio of HIB/Hla at equili- 

brium is approximately 2.0, the results clearly indicate that 

o-D-xylopyranose is the initial reaction product. zz The observed 
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Figure 1. 60 MH NMR scans in the regionf4.0 - 6.0 for a re- 
;c;iF mixture c&mposed initially of 125 mg. of IJ-xylulose, 

pi 6. ti 'at 25 . 
of Qomerase in 1.0 ml. of maleate-buffered D 0 

i$ 
at 

Positions and expected positions for signals 
are indicated. Reaction times corres ond to (A) 1 mint, (B) 
10 min., (C) 20 min., (D) 30 min., (I$ 60 min., and (F) 90 min. 

stereochemical specificity is in agreement with recent sugges- 

tions (7) that the reaction intermediate in several manganese- 

dependent isomerase reactions is a cis-1,2 enediol. Such a 

structure would, in the case of P-xylose, give rise to an a-g 

configuration by addition of a proton to C-2. 

The results of a previous NMR study of the phosphoglucose 
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isomerase reaction indicated the preferential formation of a @ 

anomer (4). In view of the above findings, this reaction has 

been reinvestigated. The experiments were run with sufficient 

enzyme to produce measurable amounts of IJ-glucose-6-phosphate 

from p-fructose-6-phosphate within 90 seconds at 10'. Although 

the HIB signals are observed first, as reported previously, we 

now conclude that this is possible simply because the HIB 

signals are about twice as strong as those of Hla. The conclu- 

sions are based on the data collected, and, the fact that, even 

under these conditions, the rate of anomerization of p-glucose- 

6-phosphate at pH 7 (8) is sufficiently rapid relative to the 

isomerization rate that only an equilibrium mixture of the 

anomeric aldose phosphates can be found and this is, in fact, 

observed when the relative intensities of the two H1 signals are 

taken into account. 

EXPERIMENTAL. NMR spectra were obtained on a varian A-60 

spectrometer relative to sodium 3-(trimethyl)-propane sulfonate 

<T= 10.0). g-xylulose was prepared by previously described pro- 

cedures (9), and was obtained as a colorless, chromatographical- 

ly pure syrup. All other carbohydrates were obtained commer- 

cially. Phosphoglucose isomerase reactions were run using 150 

w. of ;-fructose-6-phosphate (sodium salt), 60 mg. of crude 

phosphoglucose isomerase (obtained from Sigma Chemical Co., 

St. Louis, MO.) in 1.0 ml. of deuterium oxide. Xylose isomerase 

reactions were run in maleate-buffered deuterium oxide at pH 6.8. 
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