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In previous papers,’? we reported that in the presence of Cu?* (10~*M) aldopentoses, p-arabinose (1),
p-lyxose (2), p-ribose (3), and p-xylose (4) (Fig. 1), inactivate in vifro tobacco mosaic virus (TMV) and
bacteriophage X174 and that superoxide and other oxygen radicals generated by the autoxidation of these
sugars are responsible for the inactivation of the viruses. Moreover, we suggested that the observed differences
in the biological activity and the rate of the autoxidation reactions of the four pentoses are due to their con-
figurational difference, since the order [(3) > (2) > (4) > (1)] is the same both in the activity and in the
reaction rate, and the similar effect of configuration on the rate of the oxidation reaction and enolization
of aldopentoses was reported in the literature.>¥
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Fig. 1. Acyclic structures of p-aldopentoses and p-aldohexoses

Aldohexoses are in general less reactive than aldopentoses in oxidations (e.g. halogen oxidation of free sugars®) and
have been reported to exhibit very weak nucleic acid-cleaving activity.9 However, we have recently found that
some partially substituted aldohexoses exhibit higher biological activities than the corresponding unsubstituted
ones, ! More recently Bucala et al, ® reported the possibility of some common reducing hexoses being in-
volved in nucleic acid aging /n vivoand age-related dysfunction in gene expression via chemical modification
or strand scission. In view of these developments, we have examined the reduction of nitroblue tetrazolium
chloride (NBT) and the in vitroinactivation of viruses by four kinds of p-aldohexoses: p-altrose (6), p-mannose
(8), p-allose (5), and p-glucose (7) (Fig. 1), which have the same configuration at C-2 and C-3, respectively,
as the above-mentioned four aldopentoses, to see whether or not in the term of configuration the order in
their reactivity and biological activity is the same as the corresponding aldopentoses.

Materials and Methods

Preparations of aldohexoses were from commercial sources and used without further purification.
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Sources were as follows: p-allose (5) and p-altrose (6), Sigma Chemical Corp. ; p-glucose (7) and p-mannose
(8), Nakarai Chemicals, Kyoto, Grade G, R. In the experiments of NBT reduction, a HITACHI Model 200-01
Spectrophotometer was used. Experimental procedures for NBT reduction, virus inactivation reactions and
assays for inactivated viruses were the same as reported in previous papers, %1010

Results and Discussion

Table 1 shows the data for the rate of reduction of NBT by p-aldohexoses in buffered aqueous solutions.
NBT concentration in the present experiment was 125 uM, which is two and half times that for the reduction
by aldopentoses,? because significant rates of reduction were not obtained at concentrations lower than 50
#M of NBT. The results show that the order of reactivity in NBT reduction by the four aldohexoses was 6
> 5% 7 > 8 This is not in accord with the order for aldopentoses.”

Table 2 shows the resuits of bacteriophage @X174 inactivation in the presence of Cu?*(10~M) by aldohex-
oses as well as by aldopentoses. The results clearly reveal that the ability of aldohexoses to inactivate the
bacteriophage is much lower than that of aldopentoses. However, the order of the phage inactivation magnitude
was 6 = 7= 8 > 5, which seems to reflect no significant difference among the sugars examined nor does
it correlate with the data for NBT reduction. 8

p-allose (5)

Table 1. The Rate of Reduction of NBT by p-Aldohexoses*

Aldohexoses AAsgo /min
p-Allose (5) 88 x 104
p-Altrose (6) 3.0 x 1073
p-Glucose (7) 83 x 1074
p-Mannose (8) 34 x 107¢

*

Measurements were made using 12 mg/ml of sugar and 125
#M of NBT, at pH 10.4 and 25° = 0.2° in 0.015 M carbonate
buffer, 10 min after dissolution of sugar. The reaction mix-
tures were equilibrated with air, and the Ase increased linear-
ly during the first 20 min of reaction time. The data are the
mean values of three different measurements.

Number of leaves
@ O

As shown in Fig. 2, the results for TMV inactivation were
very similar to the phage inactivation. In this case, no

statistically significant difference (t-test, degree of con- : peribose (@) §

fidence, 0.95) was found among the four hexoses (see foot i f

notes of Fig. 2), and all of them showed much lower activi- o . L !

ty than 8p-ribose. 100 200
Morita ef al. reported that the order of the degradation Survival ratio (%)

magnitude of supercoiled @X174 DNA by aldoses is 3 > Fig. 2. Inactivation of TMV by p-aldohexoses

1,2,4 > 6,7,8 in the presence of Cu?*(10~*M).9 The pre- determined by local lesion assay on half-

T X leaves of N. tabacum.
sent results together with Morita’s data suggest that aldohex-
oses which have different abilities to reduce NBT do not The survival ratio (%) represents the number of

necessarily differ significantly in their virus nactivating  local lesions derived from sugar-treated TMV to that
derived from TMV of the control run which con-

abilities. The slight difference observed for NBT reduction tained no sugar, TMV was treated with hexose (12
by aldohexoses may be noteworthy. While this reactivity does mg/ml) in the presence of Cu?* (10~*M) at 37° for
not conform with that for the aldopentoses, yet interesting- 3 hrin 0.1 M phosphate buffer (pH 8.1). The mean
s R . . values of the survival ratios were as follows: §,
ly it is in accord with the order of the relative rate of enoliza-  740.159; 6, 91.2+23.3; 7, 80.8%19.9; 8,

tion (6 > 5 = 7 > 8), reported by Isbell.y Consequently, 792:18.6; 3, 7.242.7 %.
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Table 2. Inactivation of Bacteriophage X174 by p-
Aldoses in the Presence of Cu.2**

Aldoses Survival ratio (%)
Control 80.5
p-Arabinose (1) 10.2
p-Lyxose (2) 1.2
p-Ribose (3) 0.02
p-Xylose (4) 7.7
p-Allose (5) 70.5
p-Altrose (6) 33.0
p-Glucose (7) 28.8
p-Mannose (8) 24.1

* The reaction mixtures contained 1.7 x 10® pfu/ml of
X174, 5.0mg/ml of aldopentose or 6.0mg/ml of
aldohexose, and 10~%M of Cu?* in 0.l M phosphate
buffer (pH 8.1), and were kept at 37° for 3 hr. Control:

the configurational dependence of the ability of
aldohexoses to generate oxygen radicals and to in-
activate viruses, if it exists, may be different from
that for aldopentoses. For both confirmation and
stereochemical explanation of the observed dif-
ferences in reactivity and biological activity of
aldohexoses, further studies are required on the
substituded aldohexose derivatives with higher
reducing ability, and these are now in progress in our
laboratory.

Acknowledgments.

We are grateful to Dr. J. Morita, Doshisha
Women’s College of Liberal Arts, Kyoto, for his
helpful discussions and suggestions in the course of
this work. This study was supported in part by a
Grant-in Aid for Scientific Research (No. 58560081)

control run without sugar and Cu?*,

)]

2)

3

4
5)

6)

7

8)

9

10)

i

12)

from the Ministry of Education, Science and Culture
of Japan.

References

KasHimura, N, 1. Saro, Z. Kumazawa, H. Kuno, S. Kovama, and M. Kitacawa : Generation of superoxide and in
vitro inactivation of viruses by aldopentoses, Agric. Biol. Chem., 46, 2407, 1982,

Kassimura, N, L Sato, Z. Kumazawa, S. Kovama, and A. Sakar: On in vitro inactivation of tobacco mosaic virus
and bacteriophage X174 by p-ribose, Bull, Fac. Agr. Mie Univ,, 67, 2407, 1983.

Issery, H. S, H. L. Frusu, C. W, R. Wabe, and C, E. Hunter : Transformations of sugars in alkaline solutions,
Carbohyd. Res., 9, 163, 1969.

GLeason, W, B. and R. Barker ; Oxidation of pentoses in alkaline solution, Can. J. Chem., 49, 1425, 1971,
Green, J, W. : The halogen oxidation of simple carbohydrates, excluding the action of periodic acid, Adv. Carbohyd.
Chem., 3, 129, 1948,

Morita, J. and T. Komano : Induction of strand break in DNA by reducing sugar phosphates, Agric. Biol. Chem.,
47, 11, 1983,

KasHIMURA, N, J. MoriTa, L Sato, Z. KuMazawa, A, Sakal, S. NisHikawa, and S. I1o : Structural effects on the nucleic
acid cleavage activity and virus inactivating action of some reducing carbohydrate derivatives, The Proceedings of
the 7th Japanese Carbohydrate Symposium, August 28, 1984, Osaka, 98p.

Bucara, R,, P. MopEL, and A. Cerami : Modification of DNA by reducing sugars: a possible mechanism for nucleic
acid aging and age-related dysfunction in gene expression, Proc. Natl. Acad. Sci. US.A., 81, 105, 1984,
KasHimura, N,, J. Morrta, and T. Komano 1 Autoxidation and phagocidal action of some reducing sugar phosphates,
Carbohyd. Res., 70, C3, 1979,

Morira, J,, N, Kasumura, and T. Komaro ; Inactivaion of bacteriophage X174 by p-fructose 6-phosphate, Agric.
Biol. Chem., 44, 883, 1980.

Kasuimura, N, M. Krracawa, Z, Kumazawa, S. Kovama, 1. Saro, and K. Nosa : Formation of superoxide and in
vitro inactivation of viruses by hexopyranosid-3-uloses, Carbohyd. Res., 105, C5, 1982,

KasHiMura, N, and J. Morira 3 Nucleic acid cleavage activity of some carbohydrate derivatives, J, Synth. Org. Chem.,,
42, 523, 1984,



162 Naoki KasHIMURA

i =

Hon Z—F b3y Yymasay) FOMITEYA LA

Dw 7 posd Y — A
& in vitro ikl

sl

Kbl k- e gk - I WEOL - R

S dlet Rl B S e

IHETDNRIZL D, DT 5K —‘~>'~( 1), D=9& v —2(2), D=UHEY—=A(3)BLTD—F o r —x
(4)7, il Wirh=r a7 a—5 0370 ya (NBT) #8000, ¥/ Cu " OFETCy 14 2 A5EE
ThHZ )’7’9‘}’37’1*'>f~0>f bl C-2, C-3ofitiElsf U TasdbD~T1 b e —2(B8), D~
—2{(8), D=~ A(B)RIVD~ 72— (2) (LFREBFBAD ONBTHRILD, s 5 V47— 9 X
174V 2 rvaxys 29104 (TMV) 0)4“{7;‘[&)4’[» (U v B e, pH 8.1, 37°C, 3WHED &AMl Ui
Foofil, NBT ML, ~v b =2 LB o BIGHIN (6> 5> 7 8> ) Ao, Zhidlshell Hitl »
THE RN T A h U &S § Foo~d v — A s ”"/MEJ"’ WEERIE B Ltce v 1 o AR, o~y

o
= ALD =Y F e AL DNED s Tp, Y = AT EEILES S h o T






