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ENGYWHARIC STUDIES ON THE FORMATION OF S5-KEPOGLUCONIC ACID BY
ALY 2ait _SUBOXVTANS
(I) @lucose Dehydrogenase

By KOJT OKAMOTO?
(From the Department of Chemistry, Paculty of Bclence, Kyoto
Tniversity, Kyoto)

4lthough the main pathway of carbohydrate metaboliem in
plants, animale and bhacterial aystems have been elucldated,
biochsmical fates of a certain derivatives of carbohydrates
found in particular organiesms have still remained obecure.
One of these compounde is 5EGA§§ which 18 acoumulated in large

amount in the culiure medlnm of pcetgobacter suboxydans, Under a

proper condition of cultivatlon, glucose added in the medium was
reported to be converted into 5RGA with 90% yield. However,
destails of the blosynthetio and degradative pathweys of this keto
acid is not known.

For the ocultivation of this bacteriunm, UaGOs has 0 be added
to neutralize acids praduced by the fermentation. As the bacterium
Zrows Ga003 dissolves into solution. Then after the nearly
complete solubilization of Gaco3, SPKGA corystallizes out. The
original strong reducing power of the culture diminishes with
time and reaches to the minimum when ca003 dissolves completely,

§ Present address: Tnatitutes for Protein Research, (saka
University, Osaka.

86 svbreysfations: 5X0A, S5-ketogluconle aseid; GA, gluconie
ecid; thrﬂz, reduced form of NADP.
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and thién increases 7o o considevablie extent,

From these obsorvations 5KXGA has been supposed to be produced
yig two =tere: glusose is flrst dehydrogenatad to GA and subse-
quent oxidation of Gi gives rise to this keio acid.

Although Ghe Tirs? step of glucose oxidation wy the parti-
culate enzyme of Acciabucter suboxvdans was studled by King et gl.
(1), 1ittle 2as beo: hnown about the glucese oxidation by the
soluble ervyme ¢f this microcorganiesm except that a brief repord
by Deliey ut _al.(2) is available.

The present paper deals with the partial purificetion snd
agharacterization of the soludle gluccse debydrogensase of

Acetotacter suboxydana. The reswlts gsheow thet this enzyme is

the new type of glucose dehydrogenase and is distinguished in
many reapects from both that of other scurces and the particulate
encyre of this microorganism. The engyme participating in the
further oxidation of GA 1o 5EGA will be described in the

subsequent paper (3).

EXPERIMENTAL

Microorganism Acetobacter ‘guboxydans IF0 3432 was
supplied from Institute for Fermentation Research and throughout
these experiments. (Prior to inoeulation 1.5% of shexrild. dry
Ca0Qs was added to the medium comtaining glucoee (2%) and yeast
extract (Oriental} (0.25%}. Cultivation was carried out at
28% for %0 hours,.on a ghaking covide, AU the end of this period,
exceza of CaCl, was vemoved by low speed centrifugation (3000
r.p.m. X 5 minutes) and cclir were collected. washed twice with
cold saline,

Ghemicals FAD end RADP were purchidced fronm Gigma Chemical
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Co. Ir some cxpersimenta, nucleotide minsore prepa-ed from pig
liver gocording to TsPuge et al. (47 was wzod in pluce of NATER. .
Mannoic acid was prrepared by the oxidatlon of wannoce with
bromine water. Obaer chemiczls were obtoined from commercial
soulced.

Anglyiical

hods Relucing power was deiermitied by

L Met
Nelson's method (5). G4 was dtermined by Lipman~Tuttle's method
{6) azver GA was corverted into lactone by heating the sample (in
0.1 N HCl} in the boiling water for 3 minutes, Uader the conditien,
absoriance at 450 wu was found to he proporiionsl to the amount
of GA beltween 0.5 and 5,0 ug. The amoun®t of NADPH was estimated
from the absorbance at 340 mp by uweing the value 53403“ 6.22
X 106 °m, per moles, Protein was determined by Lowryts {(7) cr
Wartuyg-Christlante (8) uethod. Ascending peperchromatography
of G4 and mannoie oil oo gordoresl ¢ty two solvent systems.
Rf vaiuves and the methods of coloxr development were shown in the
gevarate paper (5).

Assay for Bnswyme Activity Uhe activiily of the enzyme

was asgayed through the measuresment ol the optical density in~
sreage (at 340 qp} reavlting from the reduetion of NADP. The
complate eystem contoined GG pmsle of WADP, 10 Fmoles of the
gubstrate, 0.1 wml. of the orsyme in the ftoitol volune 2.8 ml, (

7 3.3 W, pd 8.5)., Ope unlt of the enuyme 48 defined as the

amount whick will coume an indvial (1 minmte after the start ef

roactlont evtiaal dncrezce ol 0,301 at 340 wa,

Yhen qell wxuvracts woara Incubated with HADP In %$he presenca

¢f giuecoe niue TP, reduction of WADP was cobagyrved. Omission



of ATP from the reaction mixture was found *Hc¢ wlizet ¢ litile

even with (NH4)2504 treated ensyme. [ny significrnis inerease at
340 mp was net obzerved when FAD was wged in placs »F RWAVP., These
cbeservation suggested thet TPN-linked dehydirogountizn o giucose
takes ploce without prior phosphorylation. Thoreiore pavtial

purification and characterizetion of the encyme wis carrcied out.

Purification of the Enzyme

Joluble Fraction All the procedures were carried out

at 0 - 5% unless otherwise mentioned. One part 3 washced cells
were grouwld with 2 partg of Alumina W-800 (Wako Ture Chemicals
Co.) in a cecld mortar and extracted with 10 times ita welshia of
Tris buffer {0.01 ¥, pH 7.4). Affer remov-l of zell deobris and
alumina by twoe ¢yceles of centrifugation (6400 ».n.w. 15 minutes),
resulting svpernatan’ (erude extract) wex further cantrifuged ab
10,000 xg for 2 hours to remove fine particles. ({soinhlc fractien)
den. iTrEe, Yractionation To 60 ml., of %iwe soluble
fracticn 19.5 g. of soiia (NH¢}ESO4 were odded o oive 0,40
saturation., After stending for 20 minutes, the precipitate was
remcrad by centrifugation. Then 17.0 3. of {EH¢)250¢ w“ave added
to the supernatant fraction to bring the concentratici: to .70

gatvration, The precipitate was dissolved iv 30 ml. rf Tris-

buffon,
Afzingl Treatment To 70 ml. of the =zhove solusion 7 ml,

oS aaring) selution (0.1%) were added drop by drop with constant
stirring., LIter standing for 30 minutes yellow voluminous preci-
piliate was centrifuged off. 'To the yollow sunernatant (70 ml,)
were oddad 7 7, of 10% suapension of charennl 45 rronive sxeess

zerinci. A5ter standing for 10 minntes in tho raonm *irperaturs,
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oharcosl was removid by filtrattlon, Resulting filtrate was taen
dialyzed ugainet Tris«buffer overnight. Although the specific
activity was not sc raised by mcrinol treatment, 5iin ciep was
found to renier suhaequent steps reproducible.

2ng. (310, Frectionation To 70 ml. of the dialyzate
22 g. of solid (I?‘d4}2304 were added to give 0.50 saturatbion.
After the preciplitate was removed by centrifugaticn, the zuper—
natens fluid vas brought to 0.70 saturation of (HH4) 550, and the
fraction obtained was dissolved ian 40 ml. of Trie-buffer.

Acgtore DPractionation Acetone, cooled to -10°C, was
added aivviy with stirring to achieve the final concentration of
38% by veiume. The temperature of the solution was gradusily
allowed o drop to ~20°¢ as mcetone was added. The precipitate
was contrifuged off and the supermatant was brought to 504 {V/V)
of acetone. The resuliting precipitate was dlssolved in 25 mil.
of Trie-buifer and used in the experiments deacribed belcew. A
typical exampls of the purification was summarized in Tab. I.

Tuble I
FPurifiestlon of the Enzyws

Volum  Tofal Speeilfic Tield
{ml.) metdvtit: Letivity ()
hmt-{ {unite/mp.prot.}

Soluble fractien a0 Az, =00 14 100
(Nﬂh}ewﬁ fraction (4 70%) 80  =%,700 250 72
Aorinol frectien 9 56,800 205 &%
{NHy )50, frastion (350 = 70%) 5 13,100 =40 &0
Agetone fractiom (35  50%) 20 27,800 2210 a3




Properties of the Enzyme
Coenzyme Fpecificity As can be seen from Pg. 1, HADP

wis exclusivaly efiective in this reaction. Since the same result
way obtained with crude extract, this enzyme was thought to be

responsible fer the dehydrogenation of glucose in the soluble

fraction.
@ Espo
0.15 /D/
0.1
0.05¢
— 60 %0
Time ( sec.)
~— O —~ NADF — ®— KNAD
Pig 1. Oosnzyme Specificity
Expsrimental conditions are described in the text except
thet NAD wae used in plece of NADP w here indicated,
Effect of vH The optimum pH for the reaction was found

to be anout 8.9 as shown in Fig. 2. The nature of the individual

buffer used had iititle effect on the enzyme activity.

0.2

6 7 & 9 10
el
~ @ 2rincetat? O7rio-Fol ~®T NaHCO,-Na 0O,
PMg. 2 Effect of pH

Experimental conditicns are described in the text except that
indicated buffers weee used.



Suvatrate Bpecificity 0f the seversl elantes exomined,
only gluccss and ranncée wers Jdohydrogenatsd by tiis enzyune.
(Table II}.

Takle IT

Substrate eillolt:

Subskrute per oent metivity

D=Glucona 100
Debiannoes 124
De(alnétomd
Plyloss
[=Lyxose
Lehrobinose

D-Ribcas

- T - - B = N

D-Gluccnio heid (60 pmole}

Aweny cond ftdenn ¢ wee the text.

The ratic of the activity of the enzyme towards glucose and mannose
remained ¢ssentially comptant throughont the purification procedurs.
B8ince GA was rnot dehyircgepated even in high concentration (20
'pmoleﬂ por ml.) it zor be thoughs that this pravaration was free
from the cimymes cotslyzging further oxidation of GA.

#ichaclis Conatant Kichaevlia constonte were determined
for glucosa and for mannose. The Em for glucose (5.3 x 1072 M)
was found to be greater than that for mennose (4.1 % 1074 M) at

the concentration of 5.4 z 10"4Jg'or FADP. (Pig. 3)



1/% (11000/ Egyq )

20!/":;0

1/v/

1 L i
Mannose __° 1 % 107 _ 2 x 107 3 x100
Glucose 1 x 10° 2 x 102 3 x102

Concentration ( 1/M )

- ~o-= Glucose
- Mannose 2 4

Fig.3 RBlation between substrate concentration
and ectivity
Agsey conditions : Ses the text.

Reaction Product The products of the enzymatic dehydro-

genation of glucose and mannose were identified by paper chromato-
graphy after relatively large scale incubation with the system

in which TPN was regenerated. Incubation system contained 300
Pmoles of glucose, 1jmole of TPN, 400 pmoles of X -ketoglutarate,
1 mole of (RH4]2304, 9000 units of crystalline glutamic dehydro-
genase§ from beef liver, 4 ml, of glucose dehydrogenase pre-
paration, and 1 mmole of Tris in the final volume 10 ml. The
solution was adjusted to pH 8.5 by adding 1 N H,50,. After
incubation for 3 hours at 30°C reaction was stopped by tmmersing
the tube into the boiling water and the deprotenized solution

(adjusted to pH 7.2) was applied to the Amberlite IR 120 ¢golumn

§ Kindly supplied by Dr. Watari of Osaka University.



(H+ form). The cffiuert was 2oncentratad in vasuo after the
removal of sulfats ion by treating with Ba(cH)z. Tae concentrated
Produet was then cenveried tc the lactone by heaiing at 100°¢ fos
3> minutas in the presence of 0.1 N HC1. Ascending paper-chromato-
granhy of the reastion product in two solvent systema ievealed
one distinet spot wiolch was id-atical to that of the suthentic
gluconclaictone.

The =inllay caparicount was performed with mannose instead
of glucoaze. GA and mannoic i:1id were clearly separated -gach
other by peperchromstography in both solvent systems. (sees
EXPERINESTAT)  The result cbbiined showed that glucose and
mannose were dehylrogenated Ly this erzyme prepavation to the
corregponding sldonic asid without prior interconversion.

Steichiomatyy of the Resction In the presence of an

win

exeess ol IPN and reslatively large zmount of the enzyme, glucose
vas almost compietbely couverted to GA, an equivalsnt guentity of
TFH was rcdiuced, with the concomitant formation of an egual

emonnt of GA. {Tab, ITI)

Table IIT

Stoichipmetry of the Rsactilon

Gluesse RI.DPHZ GA

- k4. ymples + 4.% yrales + 3.9 umolea

Incubation;: Glucows 5 pomoles, HADP 5 pooles, =ozyod 0.5 ol., total
3.0 ml. [Naﬂ:%. PH 8.5 ) 30°C So winubes, Por the deterninetion of
gluccns, HADFH; and GA. eee the text.



This balance is in accord with the equation:
Glucose + NADP + H,0 ~» GA + NADPH + H'

Reversibility and Primary Product Although TPKH was not

appreciably cxidized by this enzyme preparation even in the
presence of GA, acddition of j-gluconolactone to the reaction
mixture caused rapid decrease in the avsorption at 340 . (Fig.

Iv)

1 2 3
Time ( min.)

~ @+~ gluconolactone —0 —control

Fig. 4 Revers'tility of the reaction

Aseaf conditions: s=e the text.

After the reaction was allowed to proceed in the presence of
hydroxylamine, a reddish purple colcr developed when FeC‘!_3 was
added. These facts suggested that the primary product of this
reaction was not GA but gluconolactone and subsequent hydrolysis
vielded GA just as in the cases of glucose dehydrogenases from

other scurces.

DISCUSSION

Glucose dehydrogenase from the particulate fraction of
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Acetobactor subnxydsne has been shown by King anl Cheldelin (1)

to have an optinum pH between 5.0 snd 5.5 and rc¢ to require any
pyridine nuclectide as a hydrogen accepter cver with the solu-~
bilized, purified preparation. BSimilar results were obtained by
the author with the same organism used in this paper. On the
other hand, the enzyme from the soluble frection has now been
shown to have seversl different characters; +the optimum pH liea
in the more alkeline range than that of the puriticulate enzyme
gend MADP is exclusively reguired as a hydrogea accepter., It is,
therefore, suggested that the dehydrogenase from the soluble
fraction haas quite a different role from that of the particulate
fraction in the oxidation o2 gluccse. Thig cniyme seems, further-
more, to ba different from the NAD specific onz raoported by King
and OHeldelin (9} in another strain of Agetobacter suboxydans,
The enzyme was found to catalyze oxidaticn of manncge as
well as gluccae, Horeover, the Michaelirs concstant for mannose
ig smaller than that for glucose., Tairy consimat retio of the
activity of the enzyme for gluccse to that for nannose throughout
the purification procedure suggents that cnidetion of two aldoseas
is catalyzed by a8 single snzyme rather than by multienzymes.
Acetobanter suborxydans was unable to grow in fthe medium containing
mannose in place of glucose. When kthis microorganism grown on
glucone was aerobically incubated with mannose, only one atom of
oxygen wae aonsumed per molecule of megnnose and further oxygen
uptake was not observed. These observetions suggost that mannose

is not utilized under the ordinary conditions.

BUMMARY
The primary atep for the formation of SECA was studied with



the solubls fraction of Acetobacter suboxydana. The enzyme,

glucose dehydrogenase, was separated from 5EGA reductase and
was showm to be axclusively WADP linked., The orptimum pH was
about 8.5. Of the several gubsitrates examined, only glucose and
panncse were dehydrogenated by this enzyme ané were proved to
give corregponding aldonic scids stoichoimetrically. Some
proparties of ine enzyme were compared with that of particulate

ene yme.,

The anther wishes ic zypeess his grateful thanks +o Professor

Bhozo Tenaka for his interest and encouragement.
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EWGYUATIC STUDIES O¥ IHE FORMATION OF S5-KRTOGLUCCNIO ACID BY
ACETOBACTER SUBOXYDANS

(II) S~KETCSLUCONATE REDUCTASE

By ToJI UK&MDTO§
(From the DNepartment of Chemistry, Faculty of Science, Kyoto
University, Kyoto)

Giacose 13 dehydrogenated in two ways to give GA§§ by
Acetobascter suboxydans: one 1s cetelyzed by the enzyme in the

parficuiate fracwion, the cther is by that in the soluble fractien,
Characterization of $he latter echsyme is deseribed in the
preceding paper {1}, In the present paper, onsvmetic studies on
the anbsequent oxidation cf G4 to gilve SKGA by this m2croorganism
will be described. Some physicvleogilcal situation of this enzyme

will be also discuased.

ZIPEHRIMENTAL

lilernorganism Aczetebacter suboxydans IP) 3432 was used

throughout thie work. A1) the methods of cultivetion and pre-

paration of crude exiracis and soluble fraction wers the same

as that desioribed previously (1).

§ Prezent Address: Institute for Protein Research, Osaka
University, Osaka.

3§ Abbreviaticns: B4, glueonie acid; 5K@A and ZKGA, 5 keto-
and 2 keto-gluconide acid, respectively;
Trig, tris-hydroxymethyl aminomethane.



Chemicals D-Mannoic, P-galactonic, D-xylonic and
L-arabonic acids were prepared by the oxidation of corresponding
sugar with brominc water. D-Lyxose was prepared by Ruff's degra-
dation of D-galactonic acid. 5KGA was isolated as calcium sal?l

from the culture medium of Acetobacter suboxydans, recrystallized

from hot water, and used after conversion to sodium salt by treat-
ing with sodium oxalate or with Amberlite TR50 (Na® form).

Calcium salts of L-idonic acid and 2KGA were kindly furnished by
Dr. Yoshio Nozaki of Shionogi Pharmaceutical Co.

Analytical Methods 5K3A was determined spectrophoto-

metrically by carbazole metkcd reported by Suda et als (2) with
minor modification as followg: 0.5 ml. of sample was throughly

mixed with 2.5 ml. of diluted HOSO4 (H,S0, : H20 = 6 : 1) in the

4
cold, To this 0.1 ml. of aleccholic solution of carbazole {(0.1%)
was added. After incubation at 20°C for 30 minutes, absorbance

at 540 mp was measured. 2KGA was determined by the method of
Tanning and Cohn (3). Ascending paper chromatography was pere.:..
formed with two solvent aystems each in case of aldonic acid and
keto aldonic acid. Rf values were summarized in Tab. I.

Table I

[°] o A

Keroaldonio Acids
Solvent SECA NG A
BuoH" 1 AcCH ¢ H20 (41111) 0.60 0.43
BulH : EwOH 1 H20 (L1141) 0.52 0,40
Coler brown pink

Color development : 4niline Phthalate (4)

Bolvent GA Ia MA

BuH 1 AoCH 1 HyO (4:111) 0,5 0.44 0.38
BuOH 1 BtOH & H0 (4:141) c.5 0.45 0.3L

Color development : NH;0H - FeCly (5)

Samples were applied after being converted into lastons,

#ee in the text.

® jbbreviations : PBul, Butanol; ELOH, Ethano); Ao(H, Acatic

IA, Idonlo Aeid; MA, Mannoio held



The other methods of cetlmaticn wure decerihed previously (1).

Enzyme Assay  Delydromerntion of GA 50 pmoles of Gd, .15
pmole of TPW and C.1 mi. of the enzyme werc incubdated in the final
volume of 3.0 mi. (Trie or HuHCO, buffer, 0.1 ¥, pH 9). The
increase of the absorbance at 340 o was mezsurad by Leckmen
Spectrophotometer model LU,

Reduction of SRa4 Ths decrease of the absorbauce at 540

Tp wes measured in the following incubation mixture: 10 pmoles
of SKGA, U.l‘pmole of TPHE, 0.1 ml. of the ensyme in the final
volume of 3,0 mi, {fris dbuffer, 0.1 ¥, pd 8).

In each cane, one unit is defined as the amount of the

enzyme which oauses 0,001 of the change at 340 m in one mimute

at 30°,
RESULTS
Presence of SXd4 Reduotage in the Soluble Praction When

G4 wans incubated with cruds extraet in the presence of DPN, 17N
and the regenerating system of their reduced form, 5KGA 23 well
as PKJA were detected in the reaction mizture by paper chromato-
graphy. Th2 same resplt was chtained with soluble fraction, '
while when 'washed particle ZIraction was uged only 2834 was pro-
ducad, These fact surgested, esaentiallr in good agresment with
Delerria obpervation {6}, that *73i reiuctasae is present only in
the soiuble fracticn.
Partin’ Purifiesticr of +ha Inzyms AlL the procedurea

e e -

were carried out ai o-5°0 urlaens otherwise snenlfiecd,

Acrinol Tregtmont To 30 ml. of the =oluble fraction (1)
5 ml. of 1% ascerinel solnflon wire added slowly with constant

stirring. After the removal of yellow voluminous precipitate by



centrifuzation, 4 ml. of 10%4 charaoal suspension were added,
After standing for 1O minutes in the room temperature, charcoal
wae filtaered off,

Llﬁﬁ;ﬁ%ﬂw 8olid (W4)2304 (14 g.) was

added %o the aerinol treated gupernatant (40 ml.) to give 2

(9
[

necantrefion of 55% saturation. The precipitate was centrifuged
off and «ddltlonal 4.6 g. of thae salt ware added (70% saturation).
The resulting precipltate wag dissclved in 6.5 ml. of Tris buffer.

Typical example of the purification was shown in Teb. II,

Table II
Pwrification of the Engyme
Total Specific
Step Volume activity activity Yield
(ml,) (unit 1 LPTC 146 )

Soluble frestion” 50 33,200 7% 100

Aorinol frastion' 59 21,300 147 64
#*

(MH;),80, frastion (55 - 70%) 10 9,180 568 2

% A1) the values were corrected for the amount used for pilot

test during purification steps.

-y ] - R ] g { s o - .
RPropaxriien cf she G yTie s Oeaypias and Juhstracte Snegi-
-G e - - o o - kA AL ek M A B RS 4 LY B AT o
s L = = 3 = = . ]
ficisy dennoie ang ldeonic scids were frnnd o be denydve-
S R
2 - b . = e - 1-
genetad In il on bo ELUCTRIC &¢ a8 L5000 i‘:_ey 28 L8388
5 % i - - -
activae. wthsr oldowic ecids teotad wvere suaily inactive



Mabls ITI

Substrate Spaeificity

Subatrate par cent activity
D=G3lucanie deld 100
IMapnsie * a8
l~Idénic » 12

D-Galactonic "

2
D-Iylonie 0
L=Arspinic & 0

[y

D=Glucuronic :

TPK was three times effective as IPH.

In the reverse reaction, TPNH was oxidized in the presence
of BEGA. ZECA waa not, however, reduced at a detectable rate
although it is fairly rapidly reduced by TPHH in the crude
exntracts.

Relation between Fouilibrium Constant and pH As was

shown in Pig. I, entirely different optimum pli's were proved in
the normal and reverae reactiona, The addition of a large amount
of GA waa found to be necesgaery in corder to push the following
reartion to the right hand side.

@A + HADP o SEGA + NADPH + HT . vivrivnninnvrrnnnnnell)

Since the ~olii»rina rogriont (X)) Cefined an {(ID)

o L5EGA) (BADFEy) R
&N .= {C—& \N“,L.D?“}"“"‘“‘ '\EDHE.&. PHJ' i..l‘.'!l!llll.l.'-(II)

was expected fron eguation {I} to be greatly influenced by pH,



Esho  Ezuo
SHOA ——4G A
0.2
o4 | sKan
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L | S
0.2
val -
3 T @ 10
rH
Pig. 1 Effect of pH on the snzyme mctivity

Aasay condlitlone : see the text

gsevaral ¥ values were determined at the several different pH's.

Plotting of pK against pH showe that pK increased almost linearly

as pH decreased. (Fig. II)

$I~
[N 0
AN
A

3-

2

? 8 9
pH

Pig. 2 Relation betweemn pH and pK'

Assay conditions 1 see the text



Mhug the K, value including (#*) wne determined as follow:

+
(5Kaa) (RADIH) (M) 12
K., =. —-ﬁr = '
Reaction Products the produst of the enzymatic dehydro-

L] - -

genation of G4 wes exumined after relatively large dcale incu- .
bation with the eystem in which TPN was regenerated: Incubation
system contained 150 pmoles of B4, 300 pmoles of (HH4)2504, 0.4
meole of PN, 3 umoles of Tris, 9000 units of crystalline
glutamic dehydrogenase’ (from beef liver) and 5 ml. of SKGA
reductase in the final volume of 30 ml. Tho pH of the solution
was adjusted to 9.0 by 1 ¥ H2SO4. After ineuhation for 3 hours
at 30°C, the reaction was terminated by immersing the tube into
the boiling water and the deprotenized aolution (adjusted to pH
7.5} was treated with Amberlite IR120 (HT form). After Ba(OH)2
waa added to the solution to repove sulfate ion, the clear
saolution waa concentrated in vacuo. The concentrated product
wad examined by two ways: Ascending paper chromatography in two
solvent aystema showed that the product is 5KGA. Any spob corre-
spoading to ZKGA was not observed which is distinet from that of
5KGA in hoth Rf value and celer. (Tab. I) The result was further
confirmed by carbazole reaction having the absorption maximum at

540 mp. {Fig., III) under the condition desacribed in EXPERIMENTAL,
the reaction was found to be virtually negative for glucose, GA,
2KGA and glucuronic acid. 2KGA was not detected by o-phenylene-
diamine reaction (3).

Reduction of SKGA is expected to yicld two kinds of aldonic

§  Kindly supplied by Dr. Watari of Osaka University.



acid, l,e., D-gluconic acid end TL-idonic acid. Therefore the

product of the reverse reaction was also examined.

“

ABIORBANG &

Joe we o0 boo 20e Too
AAVE LENGTH { ma )

——5K6A  ——-- 2KGA —. —-— Reactlon
Preoduct

Fig. 7 Absorption spectrs of reoeticn product
snd suthentic samples.

Since the enzyme preparation was still contaminated with TPN-linked
acetaldehyde dehydrogenase, incubation was performed with this
TPNE generating system., The incubation mixture contained 0.5
pmole of TPN, 50 umoles of 5KGA (K salt), 2 mmoles of Tris and

5 ml. of enzyme preparation in the final volume of 20 ml. The

pH of the solution was adjusted to 7.5 with 1 XN HZSO4. To the
reaction mixture, 10 Pmoles of acetaldehyde were added with
stirring in several portions at 10 minutes intervals (1 ml. each).
The reaction was allowed to proceed for 1 hour at 3000. At the
end of this period, after termination of the reaction by heating
the sample, the solution was treated with Amberlite IR120 and

Ba(OH)2 as in the previous case. The resulting aldonic acid was



convarted into lactone by heating it at 909C for 3 minutes in
0.1 ¥ HC1. Developmznt of tke sample by paper chromatography in
two solvent systens {Tab. I} revealed one spot which is corre-
sponding %o gliccnolsctone. Therefore, majority of, if nov all,
the product of the revevse reaction is thought to be gluconic

acid.

DISCUBSBSION

Although the purification of the present preparation is not
80 achieved, moat of ZKGA reductase is thought to be removed from
the preparation beceuse ZKGA wazs not detected in the reaction
mixture and TPNHE is noi appreciably oxidized by ZKEGA in the
reverse reaction,

Equilibrium studies on SKGA reductase revesled that the .
reactlon 1s very unfavorable in respect to the formation of SKRA
under the physiological condition., Nevertheless, the bacterium
prodiices a coplous amouvnt of SKGA in the culture medium. The
rezscn for this is at least in part expiained by the fact that
Ca salt of 5KGA is hardly soluble in water (2.6 ug./ml. as free
acid) and the removal ¢f SEGA f{rom the syavem vulls the rnzshion
(I} +to the right hand sida. However, as it is o‘vious from the
egquation {I), consideradly active TPVH oxidizing systen shouid
be conjugated to naintain the concentration of SEGA et this level
(Ca 107¢ M) under the physiclogical pE raase ( (E7) is anocuk
10-2 M }. Of the severel reactions examined involving TYHEH
oxidation, only glyoxzylate oxidase was very active in crude
extracts.§ The TPN-lirked glvouylate oxidase has recently been
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reporsed in the cther bacterial extracts (7).

Sinoe glucose dehydrogeinase in the soluble MHaction 1s alao
fio-linked (L), relation amoig these enzymes partlolpating in the
forzation of SKG4 and glyoxylate oxidase should ba further ex-
azined for the slucidation o physiclogioal signifiomios of SKGA
formation, begause it seems «losely reliated with the oxidation-

reduntion systens of the bacterium,

ESEUMMARY
SEGA reductans which catelyzes the resotion GA + TFF + H,0
= 5KGA + TPFH + B* was partinlly purified from the soluble
fraction of Agetobacter suboxydana. The cnzyme was found to have

an optimum pH of about 7.5 in the forward reaction {GA -»5EKGA)
and tihat of about 9.5 in the reverse rezction, 4WUFH was three
times as effective ag DFN., Manrcic and idonie scids in additicn
to giuconic dacid were shown to be reduced at & detectable rate,
Examination ¢f the reaction product proved that 5KGA and glucogic
acid were produced in the forward and reverse reaoctions, re-
spectively. The equilidrium studies revealed that this reaction
was very unfavorable in respect %o the formation of SXGA, (KH =

_2)

3.5 x 10 Some phydiclozicel situstion of the enzyme in the

formaticn orf SEZL was discussed.
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