PROCEEDINGS OF THE OKLAHOMA

Some Effects of Autoclaving Aqueous

Solutions of Glucoee
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. 'fhere has besn comsidersble interest directed toward the precurs:
srematic amino acids with respect to bacterial metabolism. Davis (!)

sgpeeted thet shikimio acld could serve as a commonm precursor (¥

aing, tyrosine, and tryptophane. In stedying the growth respor’®
of Lactebacitius erabinoens, Bnell (13) and Dunn ¢f ol (3) reported that
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phenylalanine and tyrosine were nonmlhl amino acids; however,
“w (5) and Hutchings and Peterson (8) stated that these two amino
acids were required for the growth of this organism. Kuiken et al. (8)
reported that phenylalanine was necessary for growth, but tyrosine was
a non-essential amino acid in the nutrition of L. aradinosss. In the
experimental procedure described by all of these investigators, it was
was noted that the medium was sterilizsed by autoclaving.

Previous work from this laboratory (10) has shown that phenylalanine
was essential for Streptococcus faecalis A.T.C.C. No. 6067, However, it the
medium was autoclaved, phenylalanine was a stimulatory amino acid.
Further, it was demonstrated that autoclaving an aqueous solution of
glucose would produce phenylalanine activity in this organism.

From the work of this laboratory and other investigations, it appeared
that the autoclaving process produced some changes in the glucose molecule
which could account for the phenylalanine activity.

The work described in this paper was carried out to shed some light
on the chemical changes which take place in aqueous solutions of glucose
during the autoclaving period.

EXPERIMENTAL PROCEDURE

A solution of 8.33 x 10 moles per miililiter of glucose was used in
all of the studies described. The solution was divided Into two portions;
one portion was used as a control and the other portion was autoclaved
under a pressure of 16 pounds per square inch at 121° C. for a period of
8§ minutes. The solutions were unbuffered when autoclaved and any
pertinent experimental details accompanying physical or chemical measure-
ments will be described in the results.

Comparison of the refractive indexes of the solutions both gave a value
of 1.3348; however, the optical rotation of the two solutions were --52.54°
per decimeter for the glucose and —60.0° per decimeter for the autoclaved
Klucose solution. A comparison of the physical and chemical measurements
of the two solutions is shown in Table I.

TABLE 1
’ LT T Lo oNTROL T ACTOCLAVED
aLUCOsK GLUCOSK

r\haorptlon Spectra (). max.) None 228 mp
Optical Rotation (a]o™*) —62.64 */dm, —60.0 */dm.
Refractive Index 1.3348 1.3348
!oluognphic (By) - —1,28 volts
"hromatographic (R,) 0.486 0.488
Periodic Acld Test (moles OH-/ml.) 3.096 x 10~ 3.430 x 10~
Hromlne Test (molu Br. used/ml.) 0.710 x 10 1.178 x 10

Tar: SN R P SR AT A O R

ResULTs AXD DI1SCUSSION

When a mixture of glucose and fructose was substituted for the
“lodsvd glucose in the medium, a growth response was found which
“rresponded to the growth response of an sutoclaved solutfon of glucoss.
‘""Mudmmhnnmmmbl,mno}vusmuy
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t that no ferricyanide ketoses could be detected in an un.
hMM m:;l.&ton of autoclaved gilucose, but they could not get 100 per
- eomt recovery of the reducing sugars.

Since fructose could serve as an intermediate for shikimic acid, paper

partition chromatography, and polarographic studies were carried out to
check for the presence of fructose in the autoclaved glucose solution.

Pilter paper chromatograms using the method of Partridge (11) and
the modified developing method of Trevelyan (13) showed the autoclaved
and unautociaved glucose R,’s to be identical while that of the fructose was
found to be different. Using a phenol saturated with water-system solvent
and & phenylhydrasine-acetic acid developer, the autoclaved glucose showed
an R, of 0.486, unautoclaved glucose an R, of 0.488, and fructose an R, of
0.625. The color test for fructose of Maurmeyer ¢! al. (9) confirmed the
resuits of Englis and Hanahan (3).

Soluticns for the polarographic analysis were buffered to a pH 7.6
using a primary potassium phosphate-potassium hydroxide buffer. The
supporting electrolyte was a 0.1 molar solution of lithium chloride. Nitrogen
was dubbled through the solution to remove any oxygen present. The
curves were obtajned by using a recording potentiometer. A half-wave
potential of -—1.28 volts was obtained for the autoclaved glucose, but no
halt-wave potentlals were detected for the glucose or fructose. Dif-
ferences in the curves were shown by running the solutions on the same

polarogram.

Although numerous theories have been presented in the literature (7).
no exact interpretation, other than the half-wave potentials, of current-
voitage curves for irreversible reaction can be given.

Weltrom et al. (14) found that upon heating an aqueous solution of
glucose small quantities of 5-hydroxymethylfurfural are formed. They sug:
gested that the mechanism of the reaction was:

H?:O H?:O HC=0

m':ora ﬁon ﬁ'__ Hﬁ“—ﬁ"
HOGH  -mo, TH ome, M QoMo cwpic c-cH
HCOMH HCON HCOH HO .
HCOH HCOH HC—

CHaOH CHaOH CHaOH

8ince 6-hydroxymethylfurtural could be detected by absorption spectrs.
similar studies were initiated on the autoclaved glucose solution. The
absorption spectrum of this solution is shown in Figure 1.

“An abeorption maximum at 285 millimicrons (14) was shown by
Shydroxymethyifurfural, dut the autoclaved glucose solution showed 3
meximum at 228 millimicrons. Evans and Gillam (4) bave shown that
abeorption maximum in the region of 230 millimicrons is characteristic
«f unsaterated aldehydes.

. From this, It appeared that a portion of the glucose was being %
“yorted into the intermediates suggested by Wolfrom ef al. (14). The &
;md which intermediate or the relative proportion of the t#°
terme B was attempted. It would be posaible to distinguish '
‘webodehydration product of glucose from the di-dehydration prodwct by 8
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FIGURE 1. Absorption Spectrum of (Hucose and Autoclaved Glucose.

selective bromination and the perfodic oxidation of the solutions. For
example, the bromination could be used to determine the sum of the con-
centrations of both unsaturated aldehydes, but the perlodic oxidation would
not react with the compound which contained the butylene oxide ring.

A selective bromination showed that 0.463 x 10 * moles of bromine were
added to the autoclaved glucose when compared to the controlled solution.

However, the periodic oxidation showed an increase in the hydroxyl
xroups when compared to the controlled solution of glucose. For every
2 molecules of glucose, one more hydroxyl group was present in the auto-
claved glucase solution.

While this combination of reactions could not distinguish the relative
amounts of the two unsaturated aldehydes, it indicated that more than
one reaction was taking place in the autoclaving process. Apparently,
Riucose can form the ene-diol compound as well as the uasaturatzd aldehydes
during the autoclaving process. This posstbility could explain the results
of the chemical and physical tests on the solutions.

From this work it appears that the process of autoclaving glucose with
or without the presence of other compounds could cause some changes in
'he glucose molecule which could account for some of the physiological
31ivity noted in the case of aromatic amino acids and that these changes
4« nat fnvolve one single reaction.
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