
                          gti-r.

                              :
         STUDIES ON
    TRANSGLYCOSIDATION TO
VITAMIN B6 AND PANTOTHENIC ACID
     BY MlCROORGAN1SMS

FUSAKO KAWAI

Department of Agricultural Chemistry

    Faculty of Agricalture

      Kyotro University

1972



         STUDIES ON
    TRANSGLYCOSIDATION TO
VITAMIN B6 AND PANTOTHENIC
     BY MICROORGANISMS

ACID

FUSAKO KAWAI

Department of Agricultural Chemistry

    Fagulty of Agriculture

      Kyoto University

1972



                              CONTENTS

Introduction ....................,...........................•....

Chapter I. Microbial Formation of Pyridoxine Glucoside .........

   Section I. Formation of PIN-G by Microorganisrtts .............

     Introduction.......................,..,.............,......

     Experimental ...........,....,..,...,,......................

     Results ...................,................................

       Distributien of PrN-G-forming Aettvity in Microorganisms .

       rdentification of the Strain No. 431 .........,...........

     DÅ}scussion .................................................

     Summary ....................................................

   Section rr. PrN-G Formation by MieToeoccus sp. No. 431 ......

     Introduction .......,.......,........................,.,....

     Expertmental ...............................................

     Results ....................................................
                                                     '
       Cultural Conditions for PrN-G Formation ...,...............

       rsolation and Zdentification oC P]N-G and PIN-diglucoside.

    Discussion .....,,...............,..........................

     Summary .......-..,..-........................•.............

   Section XIZ. PurifÅ}cation and Some Properties of PrN-G-

                 synthesizing Enzyme of Mcrococcnts sp. No. 431 .

    IntroduetÅ}en .....................................,........,

                                                                .    Experimental ,........`..............tet"."-"..,.....,...

    ReSUItS -......-..t........eiie-----------.-----i-t-.--.-.-ie

      Enzyne Activity in Cell Extracts ..........,..............

                                  t'

page
 1

 6

 6

 6

 7

10

10

12

17

18

20

20

20

22

22

30

40

41,

43

43

43

46

46



        Purification of Enzyme .,.............,.....,...,...,...,. 4s

        Purity and Properties of Enzyme ..............,.,...,.,... s3

        Identificatton of Reaction Products by Two-dimensional

        Paper Chromatography ....,...,.,........,...,.......,..... 69

      Discussion ..........,........,........,.................... 70

      Summary :,.,.....,.......................................... 71

   Sectien rV. StabilÅ}ty and Biological Aetivities of PIN-G •... 73

     Introduetion .....,.,,...........,...,...................... 73

     Experimental ..,................,...............,........... 74

     Results ...................................,.,.............. 77

       Stability of PIN-G against Ultraviolet Light ............. 77

       Stability of PIN-G against Heating .,..................... 78

       Effect of Heating Time on Hydrolysis of PrN-G ...,........ 80
        .
       Microbiological Aetivity of PIN-G for Saecharomyees

       ea?Zsber'gensis 4228 ATCC 9080 ...........,................ 80

       Transport of PTN-G into Rabbit Erythrocytes .............. 82
          .
                                       '     Discussion .,...............,.......,....................... 88

     Summary .........,.......................................,.. 90

Chapter rl, Microbial Formation of A New Derivative of Pantothenie

            Acid: Pantothenie Acid-ct-Glueoside ................. 92

     Zntroduction .,.,.,i,...................,.................,. 92

     Experirnental ....,.........,.........,.....,................ g3

    Results ....-••.......,.,..,............,.....,.,........... g6

      PaA-G Foi natton by Yeasts ....,.,...,..••,.••..,..••.....• 96

      Isolation of PaA-a-G ....,...,...,...,.................... 98

                               ii

{



.... to It- ..

Identification of the Compound

Discussion

.... " .. 99

106

.. " <II III ..

Summary

Conclusion

.... III " til It- " .. 108

109

Acknowledgement oil til .. " .. II " " III " .. .. 113

References ...... " II- .. III " " " Ii ..

iii

114



PZN

PAL

PAM

?AL-P

P:)C[-G

PZN-4,-G

P;N-5'-G

PaA

PaA-G

?aA•-a--G

PELA-S-G

ABBREVIATIONS

PyrÅ}doxÅ}ne

Pyridoxal

PyrÅ}doxamine

Pyridoxal-5'-phosphate

Pyridoxine glucoside

Pyridoxine-4 ' --ct-D-glucoside

Pyridoxine-S'-ct-D-glucoside

?antothenic acid

Pantothenic acid glucoside

Pantothenic acid-a-D-glueeside

Pantothenic acid-B-D-glucoside

'

iv



                             INTRODUCTION

     In 1934, vitamin B6 was ftrst demon3trated by Gy6rgy as a rat

pellagra preventive factor.1) The apparent and specific ehemical

properties of vitamin B6 (PrNL ) were definitely established by Bireh

           2)and Gy6rgy.               Within approximately two years of their publieation,

five independent groups reported, announcing the isolation of PIN.

Lepkevsky,3) Keresztesy and stevens,4) Gy6rgy,5) Kuhn and wendt,6)

and Ichiba and Michi7) had succeeded in isolating PrN as a erystalline

form from varÅ}ous natural materials, Subsequently, its ehemical

                                                                      8)constitution was recognized by two independent groups, Stiller et aZ.

and Kuhn et az.9-11) The synthesis of the vitamin was aceomplished

without delay in the same year by Kuhn et aZ.,12) Harris and Felkers,

i3,i4) and Morii and Makino•15)

     Zt was constdered that all the vttamin B6 activity of natural

products could be attributed to PIN before the existence of other

forms of vitamin B6 was recognized by snen et az.i6) as a resuit of

microbiological assay. These compounds were confirmed as PAIa and

    17-21)PAM.            Thereafter, it was establtshed that the biological actÅ}vity

                                                         -of the vitamin B6 group was dtsplayed by PZN, PAL, and PAM, and their

S'-phosphate esters.22)

     An unidentified phosphorylatton product of PAL, which was later

identified as pAL-s'-p,23) was discovered as a coenzyne of tyrosine

                                                                i                                24)decarboxylase by Gunsalus et aZ•                                     lt has now been made evident that

PAIL-P is the principal biocatalyt'ically active form of the vÅ}tamin as

a coenzyme for various enzyme systerns, associated almost entirely with
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S 11 t ., 35,45-47). . dne e a~. ~nvest~gate

· 25-30)nitrogen metabol~sm. A number of vitamin BG-dependent enzymes

have now been found, and the mechanisms of many PAL-dependent reactions

in amino acid metabolism have been interpreted by Braunstein and

Shemyakin.
31

) and independently by Metzler, Ikawa, and Snell with non

32-34)
enzymatic model systems.

All vitamin B6-related compounds owed their vitamin activity to

their conversion to PAL-Po The enzymatic interconversion of various

forms of vitamin BG and their conversion to PAL-P have also been

35-44)investigated by many workers.

the degradation pathway of vitamin B6 and isolated some degradation

products from a culture of certain soil pseudomonads grown on PIN

or PAM as the sole source of carbon and nitrogen. Recently, Contractor

and Shane, have identified a new metabolite of PIN in rat.
48

)

However, little has been reported on the biosynthetic pathway of

vitamin B6' It has been indicated that common metabolites such as

glycerol, a~partate, leucine, and serine are useful for the biosynthe-

i f h f . . B 49-54) b . d'
S sot e precursors a v~tamln 6' ut no ~mme ~ate precursors

have yet been characterized.

Many derivatives of vitamin B6 have hitherto been chemically

synthesized and have also been found to occur naturally. For the

purpose of the development of medical drugs or food supplements, many

derivatives like vitamin B6-fatty acid esters,55-57) PIN-nicotinic

acid esters. 58 •59 ) PIN-thiamine disulfide,60) PAL-homocysteine,61)

and vitamin B6 disulfides62 •63 ) have been chemically synthesized.

Naturally occurring derivatives of vitamin B6' sucp as the PAL-indole

-2-



         64) .                                   65)                                                       66) complex,             PIN- or PAL-3-sulfate,                                       PIN glucuronide,                                                           and pyri-
                              67) doxilidene-B-phenylethylamine                                  have hitherto been identified as

metabolites. However, the glycosides of vttamin B6 were neither

 synthesized nor isolated from natural sources until PIN-G was first

discovered by ogata et az.68) during investigatiens on the microbiai

metabolie route of vitamtn B6. In this thesis, the author deals with

 the mierobial formation of PIN-G, the mechanism of its enzymatic '

formation, and some properties of PrN-G in the following section$.

     With regard to sugar derivatives.of vitanins, many compounds

have already been reported. Thiainine glycostdes,69) the glucose ether

of vitamin A,70) D-glucose pentanicotinate,71) and vitamin D2 glucoside

tetraacetate72) are chemicany syrithesized. whitby first di$covered

the formatton of riboflavinylgiucoside by rat liver in lgso.73)

Katagiri et aZ, investigated the mierobtal formation of various ribo-

flavinylglyeosides, including riboflavinyl-glucoside,74) -galactoside,

75)                76)                                               77)    -fructoside,                    and some oligosaccharides.                                                    Suzuki et aZ. also

studied the formation of riboflavinyiglycosides78-81) by various

microorganisms and by various enzyme preparations from plants and

microorganisms. It has been suggested that these compounds may play

a physiological role in eatalyzing the successive transfer of glucosyl

groups via the formation of riboflavinyl compounds of oiigosaccharides.

77,82)
        Recently, Kasai et aZ. identified riboflavinyl-ct-glucoside in

cat liver,83) Miyake and suzuki have studied the enzymatie forniation

of the sugar derivative of ascor6ic acid.84) Takagi and shiraishi

have suggested the fortnation of a sugar derivative of aaretinoids in

                                 -3-



 spina'ah . 85 )

      4'-O-(B-D-Glucopyranosyl)-D-PaA has lately been isolated from

 tomato juice as a growth faetor of certain malo-lactic fermentation

 bacteria in wine fermentation.86-88) The 6ompound showed a microbiai

 acttvity 100 times as great as that of free D-PaA for a eertain

                      87) lactic acid bacterium.                           D-PaA is widely distributed in animals,

 plants, and microorganisms as a compenent of coenzyme A and plays an

important roie in many rnetabeiic pathways.89) it has been ciarified

by vagelos et az.90'9i)and wakil et az.92)that 4'-phosphopantetheine

ts another active form of D-PaA and functtons as a prosthetic group

in an acyl carrier protein. D-PaA is required by Sacehar,omyees carZs-

bergen6is 422s ATcc goso,93) Lactobacizzus pzantmm ATcc so14,94)

                       95)and L. caeei ATCC 7469.                            Recently, bifidus factors, which are

growth factors for Bifidobaetertzan btfidzvn N4, were isolated from

carrot root and identified as 4'-phosphopantetheine-S-sulfonic acid

and 3'-dephospho-coenzyme A-s-sulfonÅ}c acid by yoshioka et az.96'97)

It was suggested that the aetivity of these derivatives was due to

the specific menbrane transport of the organisms.

     In this thesis, the author describes the microbial formation ef

PIN-G and PaA-G. In the first chapter, the distrtbution of PIN-G-

forming activÅ}ty in culture collections and isoZated strains of

bacteria, yeasts, molds and aetinomycetes is diScussed. With an

isolated strain, Microeoceus sp. No. 431, having the highest activity,

several conditions affecting the ferTnentative production of P!N-G are

described. The PIN-G-synthesizing enzyne was also purified from the
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organism and the enzymatic properties have been investÅ}gated; the

biological aetivity and some properties of PrN-G are discussed in the

last section. In the seeond chapter, the formation of PaA-G was

checked in yeasts. PaA-B•-G could scarcely be detected at all, but

PaA-a-G was found in the culture filtrate of several strains. Sporo-

boZomyees eor)aZZifor7nis rFO 1032 showed the highest activity for PaA-

a-G for nation. PaA-a-G was isolated from tihe reaction mixture of S.

coraZZiformis and characterized.

+

l"t ;
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Chapter I. Microbial Formation of Pyridoxine Glucoside

Section I. Formation of PIN-G by Microorganisms

INTRODUCTION

During the investigation on the metabolism of PIN in microorga-

nisms, PIN-G was first detected in the culture filtrate of Sarcina

lutea IFO 3232, grown on a sucrose-peptone medium containing PIN. 6B )

This compound was isolated from a reaction mixture incubated with

intact cells of the organism by paper-pile chromatography, and active

charcoal, Dowex lX2 (Cl type) and Sephadex G-lS column chromatography.

The compound was characterized and identified as a mixture of PIN-4'-G

and PIN-S'-G by various analytical methods. 9B ,99) The chemical struc-

tures of P~N-4'-G and PIN-5'-G are shown in Fig. 1.

CH20H
CH20 CH20H

OH
HO CH20H HO CH20

OH
H3 C H3 C

N
PIN-4'-G PIN-S'-G

Fig. 1. Chemical structures of PIN-4'-G and PIN-S'-G.
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 The d.istribution of PrN-G-forrning activity in microorganisms is an

 interesting problem in regard to tts biological significance, The

 screening of more producible strains of the compound is useful for

 the convenient isolation.

     This section describes the distribution of PIN-G-foruting activity

in microorganisms including bacteria, molds, yeasts and actinomycetes.

The screening was also perfonned with isolated strains from soil, An

isolated bacteriurn, No. 431, whieh had the highest activity for the

formation of PIN-G, was identified as Micrococeus sp. No. 431 accor-

ding to the Bergey's Manual of Determinative Bacteriology ete.100-103)

                            EXPERIMENTAL

     MateTiaZs. All ehemicaZs used in this section were ebtained

from commercial sources.

     Microorganisms. Microorganisms preserved in the Laboratory of

Physiology of Fermentation and Applied Microbiology, Department of

Agricultural Chemistry, Kyoto University (AKU), were used for the

screening of PIN-G formation. It was also carried out with the iso-

lated strains from soil in Kyoto Prefecture. All stratns used were

preserved on a nutrient agar slant by a monthly transfer at 5eC.

     CuZtivation. The composition of culture rnedia for PZN-G forrna-

tion by microorgantsms is sumarized in Table r. All cultivations

were carried out in a test tube with 5 ml of the eorresponding media.

Baeteria except lactic acid baeteria and CZostridizvn were grown at 280C

for 3 days with shaking. Cultures of CZostridium were grown statically

                               -7-



    TABLE I,

Glucose was

  COM]POSZTION

used in place

OF CULTURE

of sucrose

MEDIA FOR PIN-G

or maltose as a

FORb"LATION

blank.

Compenent Bacteria Lactic acid
 bacteria Yeasts Molds Actinomycetes

 Sucrose

Maltose

Soluble stareh

Peptone

Polypeptone

-NH"NOs

NaNO3

KN03

(NH4)2SOg

K2HPO"

KH2PO"

NaCl

KC1

MgS04•7H20

Yeast extract

PIN•HC1

caco3

  pH

2.o Z

1.0

 -

 -

O.5

oa
O.2

 -

O.02

O.2

1.22mglml

 '

7.0

lo .o Z

  -

  -

 O.05

O.03

O.5

O.1

O.02

O.IS

1.22mglml

7.0

    7o
5.0

 -

O.5

 -

 -

 -

 -

 -

O.4

O.2

 -

O.02

O.5

1.22Mg/Ml

 -

6.0

  4.o Z

 (4.0)

  O.l

  O.1

  O.1

   -

  O.05

  O.05

  1.22Mg/Ml

   +

  not
adjusted

    elo
2.0

 -

O.5

2.0

 -

 -

 -

O.2

 -

O.02

O.07

O.3

 -

O.Ol

O.2

1,22Mg/Ml

 -

7.0

-8-



at 37aC for 4 days. Lacttc acid baeteria were cultivated stattcally

at 20-370C for 2 days. Yeasts were cultivated at 280C for 2 days with

shaking. Molds were cultivated at 280C for 4 days with shaking and

actinomycetes were at 280C for 3 days with shaking. The cultivations

were stopped by immersing culture tubes in boiling water for 5 min.

After cooling them in ice-cold water, the eells were removed by centri-

fugation and the broth was supplied to the assay of P[N-G.

     Assay of PTIV-G. A suttable amount of the broth was anployed for

paper chromatography on Toyo filter paper No. 53 with a solvent system

of n-butanol:acetic acid:water (4:1:1, v!v). The product on a paper

ehromatogram was detected by Manaslu larnp (2536 A), cut of[ and eluted

from the paper with a mixture of 2.5 ml of 99Z ethanol and 2.5 ml of

25Z sodium acetate solution at 37"C for 90 ndn under occasional

stirring in a test tube. To the extract was added O.2 ul of the diazo-

tize' d p-aminoacetophenone reagent i04'i05)and the absorbancy at 47o

mv was measured with a Hitachi Perkin-Elmer sp'ectrophotometer model

139. PrN-G was measured as free PrN wÅ}th a calibration curve prepared

from authentic PrN. The p-aminoacetophenone reagent was prepared by

mixing 1 ml of p-amineacetophenone solution (318 mg of p-amtnoaceto-

phenone was dissolved in 4.5 ml of conc. HCZ and then dtluted to 50

ml with deionized water) and 5 ml of 4.5Z sodiura nitrite solutÅ}on.

     Identificatlen of bacter"ia. ClassifÅ}cation and idemttfication

of an isolated bactertum was performed by standard methods according

to the Bergey's Manual of DetermtnatÅ}ve Bacteriolegy etc.IOO-103)

                                 -9-



                              RESULTS

      Distpibution of PXru-G-forming Aettvity in Micnoorganisms

      The sereening of PIN-G-forTning activity was earried out with 100

 strains of bacteria from culture coUections. The result is shown

 in Table II. The high PIN-G-forrning activities (more than 10-150

 pglml of PIN-G'as PIN) were distributed speeifically in some strains

 of bacteria belonging to Micrococcus and Sczreina. but the majority

of the bacteria aecumulated little amounts of PIN-G in their culture

media. Psezdomonas JFTagi formed a PIN-G-like compound in the medium,

which was different from PIN-G in Rf values on paper chromatography.

Thts compound still remains to be elueidated.

     About 130 strains of yeasts were searched for the aceumulation

of PIN-G wtth the screening medium containing suerose and PrN. As

shown in Table ZII, only several straÅ}ns among Endomycopsis, Han6enuZa,

SperoboZomyees, Brettanomyces, KZoeekera and Trichosporon had the

relatively higher activities. The highest activity was found in

To?uZopsis sake rFO 0435, which accumulated maximally 260 pglml of

PZN-G as PIN.

     Zt has been reported that mold a-glucosidases readily hydrolyze

maltose rather than aryl-a-glucosides, and are not capable of hydro-

               106,107)lyzing sucrose.                        The screening was carried out on a maltose-

peptone medium and a sucrose-peptone medium. The results are shown

in Tables rV-a and IV-b, respectively. Only 6 strains of molds among

40 strains accumulated 10--150 pglul ef PrN-G on a sucrose medium,

while 14 strains among 34 strains tested aecumulated about the sarne

                                -10-



TABLE !r. DISTRIBUTION OFPIN-G-FORMINGACTIVITY IN BACTERZA

Bacteria

The
were

cultivation

grown on the

was carried

 screening medium

out as described

described in

in the

Table I.

EXPERIM]ENTAL .

Family
    Genus

No. ef strains
    tested PrN-G formed (Vg/ml as PIN)

Ehterobacteriaceae
    Escheriehia
    Aerobaetep
    ErnL)inia
    Serratia
    iFlr'oteus

AchTomobaeteraceae
    A Zea Zigenes
    Achromobaeter
    FZavobacteriwn

Rhiaobiaeeae
    Agrobacterizvn

Microceecaceae
    Mierococcus
    StaphyZocoecus
    Sareiua

Brevibacte?iaceae
    Bi'evibacteriua

Corynebaetertaeeae
    Cor,ynebacterizen

BaciZZaceae
    BaeiZZus
    CZo6tridtum

Pseudomouadnceae
    Pseudomouas
    Xanthomonas

DaetobaciZZaceae
    StreptococeuS
    Leuaonostoc
    LactobacitZus
    Pedioeoecus

6
4
1
3

4

2
5
4

1

7

5
5

2

2

21
6

9

1

s
4
2

1

10År

6
4

1
3
4

2
5

4

1

4
5

1

2

2

21
6

8

1

5
4
2
1

10 -

o
o
o
o
o

o
o
o

o

2
o
2

o

o

o
o

1
o

o
o
o
o

ISO 15or

o
o
o
o
o

o
o
o

o

1*
o
2*t

o

o

o
o

o

o

o
o
o
o

Sum total: 100 92 5 3
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  k) Mierococcus fZavus IFO 3242 226 pglTnl as.PrN

k*) Sar:cina Zutea lAM I099 231 " "
       " marganata lF0 3066 205 " "
                                              '

extent of PIN-G when cultured on a maltose medtum. However, the

amounts of PIN-G formed tn a ma!tose medium were higher than those in

a sucrose medium. Espeeially, PentciZZtttm ntbr'ian Stoll IFO 6580

accumulated 210 pg/ml of PIN-G as PIN on a maltose medium. Table V

shows that 15 stratns out of 45 strains of actinomycetes tested had

the ability to form considerable amounts of PIN-G. Arnong them,

Str,eptomyces hygroseepicus IFO 3934 had the highest activity, which

accumulated 260 ug!ml of PrN-G as PIN.

     Bacteria (324 strains), molds (12 strains) and actinoinycetes

(6 stratn6) were tsolated from soil in Kyoto Prefecture for a screening

of PIN-G fonEiation. The result is shown in Table Vr. Neither molds

nor actinomycetes had the low aetÅ}vity, but higher activitÅ}es were found

in 6 strains ef bacteria, in which a strain No. 431 had the highest

actÅ}vity, accumulating 290 pglml of PIN-G as PIN. Thus, the strain

No. 431 was selected and used as the P!N-G-Eorrning strain in the

following experiment.

     Identification of the Strain No• 431 .

     The isolated bacterial strain No. 431 described above, was classi-

fied and identified as follows, according to the method of the Bergey's

                                        100-103)Manual of DeterTninative Baeteriology ete.

     (a) Morphologieal: Spheres, 1 micron in diameter in average size,

oceurring in pairs. Non-motile, Gram-positive.
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TABLEII!. DISTRIBUTIONOF PIN-G-FORMINGAcT!vrTsr rN YEASTS

  Yeasts were grown
The cultivation was

on the

carried

sereening medium deseribed Å}n Table I.

 out as described in the EXPERIMENTAL.

Faminly
     Genus

No. of strains
    tested PIN-G formed (uglml as PIN)

Endornycetaceae
     Sacchar,omyces
     baker's yeast
     brewer's yeast
     shoyu yeast
     Endomyce6
     Endomycepsis
     Schizosaeeha2eomyces
     Zygosaechczr'omyces
     Eehia
     HansenuZa
     Sehwanniomyces
     Debaryornyces
     Sacehar,omycodes
     Hanseniaspora
     Nadsonia
     Eipomyces

SporoboZomyeetaceae
     SporoboZomyces

Cr;yptoeoecaceae
     Cr,yptococeus
     ToT,uZopsi6
     Brettanomyces
     Candida
     KZoeckera
     Mckerhamia
     RhodotoruZa
     Trichosporon

35
2

3
1
3
2
2
3
4
9

1
2
2
1
1
2

s

3
7

3

21
3
1

10
3

10År

35
2
3
1
3

1
 2

3

4
7

1
2
2
l
l
2

3

3
6
2

21
2
1

10
2

10 -

o
o
o
o
o
l
o
o
o
2
o
o
o

.o

o
o

2

o
o
1
o
1
o
o
1

150 15oc

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o

o
1*
o
o
o
o
o
o

Sum total: 129 l20 8 1

*) TontZopsis sake rFo 0435 260 yg/ml as PIN
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TABLEIV-a. DrSTRIBUTION OFPIN-G-FORMXNGACTIVITY !N MOLDS

  Molds were

cu1tivatton

 grown on the sucrose medium

was carried out as described

deseribed in Table I.

in the EXPERrl,IENTAL.

The

Genus No. of strains
tested P!N-G formed (Ug!ml as PIN)

10År 10 L. 150 IS or

thteor
Rhizopus
Asper'gillus
PeniciZZium
Monasaus
Neu r,ospo?a
Pu Z Zu Zctr'ia

Fusctr,iimi

Sum total:

 9
 3
13

6

 1
 3
 1

4

40

 7
 2
12

6

1
3
1
2

34

2
1
1
o
o
o
o
2

6

o
o
o
o
o
o
o
o

o

,

TABLETV-b. DXSIrRIBUTION OFPIN-G-FOR!Y[INGACTIVrTY IN MOLDS

  Molds were

cultivation

 grown on the maltose medium

was carried out as described

described in Table r.

in the EXPERll![ENTAL.

The

Genus No. of strains
tested PIN-G formed (Vg/m! as PIN)

10År 10 -- l50 ISor

Mdeer
Rhi2opus
AspergiZZus
PeniciZli2an
Neu?ospo"a
PuZluZa?ia
Fusczr'"ivJn

Sum total:

8
8

io
3
3

1
1

34

5
7

4
o
3
1
o

20

 3
1
6
2

o
o
1

13

o
o
o
1*
o
o
o

1

k) PenieiZZiian mbnnIFO 6S80  210

-14-
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TABLE V. DISTRIBUTION OF PIN-G--FOR)IING ACTIVITY IN ACTINOMYCETES

  Actinomycetes were grown on the screening medium described in Table r.

The cultivation was earried out as described in the EXPERIMENTAL.

Genus No. of strains
    tested PIN-G fonned (vglml as PrN)

Mycobacteritun
Ploeardia
Streptomyees
Unidentified

Sum total:

 3
4

24
14

45

10År

3
3

13
11

30

10 - 150

   o
   1
  10
   3

  14

l5or

o
o

 1*
o

l

k) Streptomyces hygroseopicus var. angustomycetieus IFO 3934 260
   uglml as PIN

TABLE VI. DISTRIBUTION OF PINd-G-FORMZNG ACTIVZTY rN l![ICROORGANISMS

                        ISOLATED FROM SOIL

  }tieroorganisms tsolated from soil were grewn on the screening medium

described in Table T. The cultivation was carried out as described in

the EXPER!MENTAL.

Mlcroorganisms No. of strains
    tested PrN-G formed (ug/ml as PIN)

Bacterta
Mo!ds
Actinomycetes

Sum total:

324
 12
  6

342

 10År

290
 12
  5

307

10 - 150

   28
    o
    o

   28

15or

 6*
o
1

7

*) Strain No. 431 289 yg/ml as PIN
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 (b) Cultural:

      Gelatin stab; No liquefaction.

     Agar slant: Yellow, stuooth growth. .

     Nutrient broth: Turbid, with yellowish sediment.

     Potato: Abundant, yellow growth.

 (c) PhysiologÅ}cal:

     Lttmus milk: Atkaline, not peptonized and no eoaguLation;

not reduced.

     Zndole not produced.

     Hydrogen sulfide produced.

     Ammonia produced from peptone,

     Acid from fructose, galactose, xylose, and mannttol. No

and alkalipe from glucose, maltose, dextrtn, starch, glycerol,

arabinose, raffinose, lactose, inulin, mannose and sorbitol.

from all carbohydrates.

     Citric acid utilized as a sole source of carbon.
            '
     Nitrites produced from nitrates.

     Catalase positive.

     Methyl red test negative.

     Voges-Proskauer test negative.

     Optimum temperature between 28 and 370C. Killed at 600C

mtn.

     Optimum pH between 5.5 and 10,O.

     Aerob ic.

(d) Source: Isolated from soil in Kyoto Prefecture.'

                                       ,
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        Fig• 2. Electron Micrograph of the Strain No. 431•

     From the data described above, the strain No. 431 may be classi-

fied into genus Mi evoeoccus. However, the isolated strain was not

applicable to any known specles in Mieroeoeeus described in the

manual, and so it was tentatively designated as Merocoeeus sp. No.

431. The electron micrograph of the organism is shown in Fig. 2.

                             DISCUSSION

     The relatively higher activities for PZN-G [ormation were parti-

cularly observed in several strains of bacteria belonging to the

genera Sarcina and uterococeus. It is an interesting fact that these

coccidal strains belonging to the same family, Mieroeoeeaeeae, have

the higher activities. On the other hand, other cocci such as StaphyZo-

eoeeus, which is also classified into uter}ocoeeaeeae, Leuconostoc,

Pedioeoecus and Streptoeoceus had no activity. ALthough the trans-

glucosidation to riboflavin to form riboflavinyl glueoside has been
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                                         108) demonstrated in various bacterial strains                                              including Eseheriehta

 eoZi. Aerobacte? aer}ogenes, BaeilZus sztbtiZis. Clostridizan acetobuty-

 Zieum. LaetobaeiZZus casei and Streptoeoeeus Zactis. these strains did

 not forin PIN-G from PIN under the condttions as described in this

 section. The PrN-G-forming activity was also observed in some stratns

 of yeasts, molds and aetinomycetes. Zthen 34 strains of various molds

were eultivated on a maltose-peptone medtum, 14 strains tncluding

Mttcor, Rhizopu6. AspergiZZus. PeniciZZizvn. and Fusavitan aceumulated

10-ISO vg!ml or more than 150 uglml of PIN-G. On the other hand, only

several strains were found to form a sltght amount of PIN-G on a

sucrose-peptone medium. These results coincide with the fact that
                   '
transglucosidase of molds generally hydrolyzes maltose, but not sucrose.

     The PIN-G-forming activity in microorganisms which were iselated
          .
from soÅ}1 was distributed mainly among bacteria (34 strains of bacteria
                                                                      '
one strain of actinomycetes), in which 7 strains accumulated relatively

large amounts of PrN-G Cmore than 150 ug/ml oi PIN-C as PIN). Best of

aZl, an isolated bacterium strain No. 431, which was classified into

nteroeoeeaceae, had the highest activity (289 ug/ml of PIN-G as PIN).

The various conditions for PrN-G Eormation by thts organism will be

discussed in the next section.

                              SUMtvlARY

     The distribution of PIN-G-forming activity was investigated with

various kinds of microorganisms under the conditions of their growth

on the media containing PIN and sucrose or maltosei The formation of
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PIN-G was searched in the culture broth of organisms including

bacteria (!OO strains), yeats (129 strains), molds (34 strains) and

actinomycetes (4S strains). The sereening was also performed with

isolated strains of bacteria, molds and actinomycetes (total 342

strains) from soil. The results ef screening showed that the higher

activities were specifically found in several strains of the bacteria

belonging to the genera Sarciua and utcrococcus. The activity was

also shown to be distributed in yeasts, molds and actÅ}noTnycetes, The

activity was found in the isolated strains. A baeterium No. 431,

which was identifÅ}ed as MieTococcus sp. No, 431 according to the

Bergey's Manual etc., showed the highest activity (289 pg/ul of PIN-G

as PIN) among the tested organisms and selected to be the most suitable

strain for PZN-G formation.
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     Section II. PIN-G Formation by A4icroeoceus sp. No. 431

                           INTRODUCTION

     Zn the preceding sectton, a bacteriurn was isolated and identified

as Mic"oeocaus sp. No. 431, whieh accumulated approximately 300 pglml

of PIN-G as PrN in the culture medium composed of P!N and sucrose.

In order to get a large amount of PIN-G, various factors on the fonna--

tion of PXN-G are studied in this section with the growing cultures

of this organism. PIN-G was first detected Å}n the culture L=iltrate

                          68)                             and was identified as a mixture of PIN-of Sarcina lutea IFO 3232,

4'-G and plN-S'-G.99) ln this section, PIN-4'-G and PIN-S'-G were

isolated by various separating methods from the culture tiltrate of

Microeoceus sp. No. 431, which was grown under the optirnal conditions.

The products were also identifted by various analytical methods inclu--

ding IR and mn spectroscopy. Moreover, PIN-diglueoside (possibly

PIN-4'-, PIN-5'-, and PIN-4',5'-diglueosides) was isolated from the

culture filtrate and identified by the same methods.

                            EXPERIMENTAL

     MateriaZs. Cellulase (Type Il, from Aspei,gtZZus niger), B-gluco-

sidase (from almonds), maltase (Grade II, from Asper'giZZus niger7)

were purchased from Sigma Chem. Co., and a-glucosidase (from yeast)

was from Boehringer Mannheim Japan K.K. Other chemicals used in this

work were obtained from comrnercial sourees.

     Microorganism and cuZtivation, Mie?oeoeeus sp. No. 431, which
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was isolated frorn soil and identified in the preceding section, was

used for the formation of PIN--G. The basal medium contained 2.0"!.

sucrose, 1.0Z peptone, O.2Z yeast extract. O.S"X K2HP04, O.17. KH2P04,

O.2"rd NaC!, O.02Y. MgS04'7H20 and 1 mg/rnl of PIN (pH 7.0). The

cultivation was carried out at 280C for 40 hr with reciprocal shaking.

     AnaZyses. After cultivation, the cultural broth was heated for

S min in a boiling water bath. The supernatant solution obtained by

centrifugation was followed to the assay. PIN-G was assayed by paper

chromatography as deseribed in the preceding seetion.

     Absorption speetra were recorded on a Shimazu multi-purpose

spectrophotometer model MPS-50L or a Hitachi double-beam spectro-

photometer type l24. .
     Paper ehromatography of vitamin B6 was earried out with the

so!vent systems of T. n-butanoZ:aeetie acid:water (4:l;1, vlv), IZ.

n-amylaleohol:acetone:water (2:l:1, v/v, upper layer), IU. water:

acetone:t-butanol:diqthylamine (20:35:40:5, v/v) and IV. water:

acetoheit-butanol:aeetic acid (20:3S:40:5, v/v), The diazotized

                           104,105)                                    a mixture of 1 mL of p-amino-p-aminoaeetophenone reagent,

acetophenone selution, S ml of 4.5Z sodium nitrite and 5 ml of 2SZ

sodium aeetate, was sprayed for vitantn B6 detectÅ}on.

     Paper chromatography of sugars was carried out wtth the solvent
                                                            '
systems of r. n-butanol:benzene:pyridine:water (S:1:3:3, v/v, upper

                                                             ,layer), r!. n-butanol:pyridine:water (6:4:3, v!v) and rrl. isopropa-

nol:pyridine:water:acetic acid (8:8:4:1, v/v), and the silver nttrate

       109)            was sprayed for sugar deteetion.reagent
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      A PIN motety was determined by the diazotized p-aminoacetophenone
        104,105)
                as described in the preceding section. reagent

                       110)     An anthrone method                           was used for the assay of total sugars and
                  111) a glucostat methed                       was used for the assay of a glucose moiety.

                                                     . 112)Reducing sugar was determined by the method of Sornogyi.

     The reactlon by several glucosidases was carried out on a reae-

tien mixture containing 212 pg of PIN-G, 20 umoles of 2-mercapto-

ethanol, 20 pmoles of buffer and an appropriate amount of enzyme in

a total volume of 1,O Tnl. The reaction was carried out at 370C over-

night. Phosphate buffer (pH 6.5) was used in the incubations with

mold maltase and yeast a-glueostdase, and acetate buffer (pH 4.4) in

those with cellulase and B-glucosidase. The reaction mixture was

submitted, to paper chromatographie analyses for PrN and glucose as

described above.

     Measupement of IR and ATne? spectpa. TR spectrum of PrN-G was

recorded in.a micro KBr tablet with a Hitachi infrared spectrometer

type EPI--G3.

     NMR spectra of PIN-G and P:N-diglucoside were recorded in D20 on

a Hitachi Perkin-Elrner high resolution mn spectrometer type R-22 at

90 )(Hz with DSS as an internal standard.

                             RESULTS

     CuZturaZ Condittons for PrN-G Fomation

     Cavbon Bources

     The effect of various carbohydrates as the glucesyl donors on
                                                 .
                                              '
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               TABLE I. EFFECT OF CARBON SOURCES

  McTocoecus sp. No. 431 was cultivated on the basal medium described

in the EXPERIMENTAL except that various carbehydrates were used as shown

in the Table. The cultivation was performed aerobically at 280C for 40 hr.

Carbon sources Growth Final
 pH

PrN-G
(Vg/ml

forTned
as PIN)

Glycerin

Arabinose

Xylose

Glucose

Fructose

Galaetose

Mannose

Mannit

Methyl-ct-D-glucoside

Sucrose

Maltose

Trehalose

Lactose

Raffinose

Dextrin
Starch

Inulin

 -H-1-

  -
  -
-H-H-

-H-H-

 -l-H-

-H-H-

 -
  -
 -
-H-H-

  -
  -
  -
  -
  -
  -

7

7

6

6

6

6

6

7

8

7

6

8

8

7

8

8

8

.

'

.

-

`

'

.

.

.

.

.

.

'

.

.

.

'

6

6

6

4

4

4

o

o

6

o

6

8

2

8

6

6

o

  o

  o

  o

  o

  o

  o

  o

  o

  o

313

 32

  o

  o

  o

  o

  o

  o

the formation of PZN-G was studied with utcrococcms sp. No. 431.

As shown in T4ble r, sucrose and maltose, having the a-glueostdie

linkage, were effective for the PIN-C formation. Maltose was one-

tenth as effective as sucrose, and trehalose was not effective, though

it has an ct(l+1) glucosidic linkage. Polysaccharides sueh as dextrtn
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                TABLE Ir. EFFECT OF NrTROGEN SOURCES

  Mcroeoecus sp. No. 431 was cultivated on the basal medium described

in the EXPERI)llINTAL exeept that various nitrogen sources were used as

shown in the Table. The cultivation was performed at 28eC for 40 hr,

Nitrogen sources

          '

Growth Final
 pH

 PIN-G formed
Cpg!ml as PIN)

None

Peptone

Casamino acid

Urea
(hlHO 2sog

NH4C1

NaN03

NaNO2

Asparagine
     .Glutamate

   +
--H-F

-•-H-I-

   +

   +

  -
  -
   +

  -
H-i-

6.8

8.2

8.2

8.2

6.6

6.2

7.2

7.2

9.2

9.2

 83

269

170

 41

108

104

 88

 29

 36

 91

and starch also had no effect on the formation of PrN-G. No deriva-

tive of PZN Dther than PrN-C was formed with lactose, raffinose and

inulin. r
     Nitrogen sour,ces

     The incubation was undertaken on a sucrose medium with various

tnorganic and organic nitrogen compounds. The result is shown in

Table Z!. The erganic nitrogen compounds such as peptone and casamino

acid were useful for the formation of PIN-G and the growth of the

organism. Amrnonium sulfate and ammoniuTn chlorÅ}de were fairly effec-

tive on the formation of PIN-G. A eonsiderable amount of PIN-G was

formed in a medium containing no nitrogen compoundS except O.2C!. yeast

                                                '
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extract as a growth factor.

     Sur,factants

     The effect of various surfactants on the formation of PXN-G was

investigated with the addition of O.1"!o, the result being shown in

Table III. Nonionic surfactants, Span and Tween series showed a

stimulating effect on the forrnation of PIN-G. Among them, Span 80

was found to be most effective. On the other htind, anionic and

cationic surfactants were rather inhibitory on both of the growth

and the formation- With the addition of O.77. Span 80, the arnount of

P!N-G aceumulated reached to a maxÅ}murn of about 600 uglrn1 as PIN from

1 mglml of PIN.

  3OO

AzHp.,

m
ca 200

:
Ne]o

e
B
E
.O100

9
a
m

     A

Growth

   o
=E
o-e8
o:6
s

g4
s

   2

:
a

             20 40 60 80 100 120 140
             " • cultivatÅ}on ttme (hr)
                                                       '
                 Fig. !. Effect of Cultivation Time.

  The organism was grown on a medium composed of S.OZ sucrose, 1.SZ
peptone, O.2Z yeast extract, O,SZ K2HP04, O.IZ KH2P04, O,2Z NaCl,
O.02Z Na2MoO#'2H20, O.IZ Tween 60 and 1 ir}g/ml of P!N (pH 7.0).
The cultivation was carried out at 280C with reciproeal shaking.
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TABLEIzr. EFFECT OFVARIOUSSURFACTA.NTS

    Microeeccus sp. No. 431 was

in the EXPERX)CENTAL except that

surfactants were added as shown

perfonned at 28eC for 40 hr with

cultivated on the basal medium

O.1 % of a final coneentration

in the Table. The cultivation
 shaking.

described

of various

was

Surfactant Growth Final
 PH

 PIN-G
(vglml

formed
as PrN)

None

CTAB

cPc

Aerosol OT

Na-Laurate

Na-MyrÅ}state

Na-Palmitate

Na-Stearate
          ,Na-Oleate

Tween 20

  tt 40
  ,r 60
  " 80
  ', 85

Span 20
  if 40
  t, 60
  t, 80

  "85

cationic
   lt

anionic
   tr

TT

eT

tt

tt

nonionic
   11

TT

Tt

tt

TT

tf

tT

ll

tt

 -H-H-

    +

    +

    +

  -H-F

    +

-H-H-

-H-H-

   +
-H-H-

--H-l-

-H-H-

-H-H-

H-H-

   +
-H-H-

H-H-
-H-H-

-H-H-

 7.4

 6.4

 6.4

 6.4

 7.0

 6.8

 7.4

7.2

6.6

7.2

7.2

7.2

7.0

6.8

6.4

7.0

7.0

6.2

6.4

 212

  22

  33

  19

  92

 81
248

243

 98
388

3S3

376

407

3S9

 94

 86

243

524

33S

Abbreviations:
CTAB;Cetyltrimethyl ammonium bromide, CPC;Cetylpyridinium chloride,
Sgi9gllYi.2:;ljgfigisgIgl•2".:f:g:g;:a.ig,g?iS6.:::::,Z2E.eOth.ggg,g2.g",g,85;

monooleate and trioleate, Span 20, 40, 60, 80 and 85;Sorbitan mono-
laurate, monopalmitate, monostearate, monooleate and trioleate.

!

i

i
l
i
l

L

/
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                  TABLE IV. EFFECT OF e•ffITAL 10NS

  Micrococeus sp. No. 431 was grown on the basal medium deseribed in

the EXPERI)"[ENTAL except that 5,OZ sucrose, 1•57. peptone, O.7Z Span 80,

and O.02Z various metal ions were added. The cultivation was carried
out at 280C for 60 hr with shaking•

Metal ions      Growth
(xso-i, 61o rnuÅr

Final
 PH

PIN-G formed
(ug/ml as PIN)

None

EDTAde

MgS04•7H20

Na2MoO4.2H20

FeS04.7H20

Fe2(SOk)3•xH20

znso4•7H2o

CoC12•6H20

MnSO"•4-6H20

CuSOg.5H20

AgNO3

HgC12

.193

.268

.308

.i88

.234

.184

.086

.122

.133

.188

.O13

.O05

6.6

6.2

6.2

6.4

6.4

6,6

7.0

7.0

8.4

6.8

6.4

6.4

695

542

528

704

651

649

435

386

150

297

  -

  '

       *) Ethylenediamine tetra-acetic acid
                        '
     lnczthation time

     A time course of PZN-G formation and growth of the organism is

shown in Fig. 1. The amount oE PZN-G increased in an earlier stage

of growth and reached to a maximum in 60 to 80 hr culture. A pro-

longed cultivatio.n caused a rapid degradation of PIN-G. It rnay be

suggested that the organism has a relatively strong ct-glucosidase

activity whieh hydrolyzes PIN-G to liberate PIN.

                        '                          '     MetaZ ions
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       Fig. 2. Effect of Suerose and Peptone Concentration.

  The organtsm was grown on a medium compo$ed of varieus concentrattgns

 of sucrose and peptone, O.27. yeast extract, O.5Z K2HPO", O.1"A KH2P04,

O.2Z NaCl, O.7Z Span 80 and 1 mg/ml of PIN (pH 7,O). The cultivation

was carried out at 28"C for 60 hr with reciprocal shaking.
                                                      '
            '

     lrhe effect•of metal ions was examined. As shown in Table IV,

the presence of metal ions did not affect the format!on or excretion

of PrN-G by the organism•

     Sucrose ctnd peptone concentrations

     The effect of sucrose and peptone concentrations in culture media

was investigated. The eultivation was perfortned at 28eC for 60 hr

wÅ}th shaking by the addition of O.7Z Span 80. As shown in Fig. 2,

the amount of P!N-G increased proportionately to the concentration of

sucrose added and reached to a maximum in the presence of 10Z suerose.
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Fig. 3. Effect of PIN Coneentration.

   The organism was grown on a medium
 composed of 10eA sucrose, O.57o pep-
 tone, O.2Z yeast exttact, O•57o K2H-
 P04, O.17. KH2P04, O.2"1. NaCl, O.7%
 Span 80 and various concentrations
 of PZN (pH 7.0). The cultivation
 was carried out at 280C fer 60 hr
 with reciproeal shaking.

         pH of Medium

Fig. 4, Effect of pH of Culture.

  The organism was grown on the same
medium with 2 mg/ml of PZN added as
described in Fig. 3 except that pH
of the medium was changed as shown
in the Fig. The cultivation was
carried out at 280C fer 60 hr with
reciprocal shaking.

On the other hand, the concentration of peptone gave no effect on the

formation ef PIN-G. By the addition of 10Z sucrose and O.5-1.SZ

peptone, the yield of PIN-G attained to 90Z against PIN added.

    PtN Concentration

    The effect of.PZN concentration was examined in the presence of

10ale suerose and O.5Z peptone. The ineubation was carried out at 2' 80C

for 60 hr with shakÅ}ng. Figure 3 shows that PIN-G is increased propor-

tionately to the concentration of P[N added and attained to a maximam at
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2 mg/ml of PrN.

     pE of cuZture

     As shown in Fig. 4, a maximal formation of PIN-G occurred

7.0. At pH 5,O, PIN-G was scarcely formed.

     From the results described above, the optimal incubatien

tions were determined as shown in Table V.

               TABLE V. OPTIum CULTURE CONDITrONS
                          FfiOR PIN-G FOR)(ATION

 at pH

eondi-

Sucrose

Peptone

Yeast extract

K2HP04

KH2POg

NaC1

Span 80

PIN•HCI

     pH 7.0, tap water

10.0 Z
 1.5

 O.2

 O.5

 O.1

 O.2

O.7

 2.44 mg/ml

                  The cultivation was perforrned aerobically

                at 28eC for 60 hr.

     XsoZation crnd Xdentification of PXN-G and PflV-digZuceside

     From the results described above, optimal cult"ure conditions of

uterococeus sp. No. 431 for PIN-G formation were settled as shown in

Table V. rn order to isolate PIN-G on a laboratory scale, the bacte-

riun was cultured with 1000 ml of the optimal medium (each 500 ml of

the medium in a 2 liter flask) under the optimal conditions as indi-
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cated in Table V. The cultivation was stopped by heating the fiask

in a boiling water bath for 5 min. After cooling the broth in an

ice bath, the cells were removed by centrifugation at 10,OOO rpm for

30 min. The supernatant solution was adjusted to pH 2.0 and stored

at 40C overnight. Any material precipitatSng was removed by filtra-

tion, Sixty grams of aetive aarbon was added to the supernatant

solution. After stirring the mixture for 1 hr, the charcoal was

eollected by filtration, washed with O.OIN HCI and water, and then the

adsorbed rnaterial was eluted with 28Z ammonia:99el. ethanol:water (S:

SO:45, v!v). The eluate was concentrated to a small volume in vaauo.

The cencentrated solution was applied on a Dowex IX2 (Cl type, 3 x

10 cm) column, and water was passed through. The eff!uent was shaken

vigorously with chloroform to remove lipophilic tmpurittes. The

water layer was concentrated to a small volume to contain 30-50 mg of

rnaterials!ml as PI)Lq. 'Two or three milliliters of the concentrate

was repeatedly applied on a Sephadex G-10 (1 X 105 cm), followed by

elution with water by 3 ml portions. The absorbancy at 32S mu of

each fraction was measured, and an aliquot of the ultraviolet

absorbing fractions was chromategraphed on Toyo filter paper No. 53

with a solvent system of n-butanol:acetic aeid:water (4:1:1, v/v).

The elution pattern on a Sephadex colum and the paper ehromatogram

of each fraetion are shown in Fig. 5. The fractions (No. 14-16)

containing PIN-G were collected, concentrated and applied on a

Sephadex eolumn. This procedure was rePeated until PIN and unknown

cornpounds were separated frorn PIN-G fractions. PIN-G fractions were
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  Columu
3 ul/hr.
Solvent-

                    Fraction No.

 Sephadex G-10 Gel Filtration and Paper Chromatogram

            of Each Fraction•

 size; 1 X 104 cm, Flow rate; 9 ml/hr, One fraction;

system: n-butanol:acetic acid:water •(4:1:1, vlv)
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        Fig. 6. Paper Chromatogram of Isolated Compounds.

        Solvent system: n-butanol:acetic aeid:water (4:1:1,vlv)

          The diazotized p-amtnoacetophenone reagent was sprayed,

        followed by respraying O.2M borate buffer (pH 9.0).
               E ) yellow spot, dllD orange spot

                 r. PIN
                II. PrN-S'-G

               III. PIN-4T-G
                IV, PIN-diglucoside (5'-)
                 V• ?IN-diglucoside (4'- and 4',5'-)

followed by paper chromatography with a solvent system of n-butanol:

benzene:pyrtdine:water (5:1:3:3, v/v, upper layer). Two fluorescent

zones were detected on the paper chromatogram. Each zone was sepa-

rately eut off and eluted with 50% ethanol. The first compound with

a large Rf value formed a borate gomplex and was not colored with the

diazotized p-aminoacetophenone reagent in the presence of borate
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             '
 buffer. On the other hand, the second compound with a small Rf value,

 dtd not fotu a borate complex and was colored with the diazotized

 p-aminoacetophenone reagent. It has been reported that 3- and 4-hydro-

 xyi groups of piN combine with borate.ii3) piN is coiored with the

 dÅ}azotized p-aminoacetophenone reagent when 3-hydrexyl group is free.

 Thus, these two. compounds were assumed to be P:N-S'-G and PIN-4'-G,

 respectively, in which PIN-4'-G was slightly dominant. One of the

unknown compounds (1) whieh were obtained by repeated chromatographies

on a Sephadex column was followed to paper chromatography and two

fluorescent zones were also confirmed. Each zone was cut off and

•eluted with 50Z ethanol. These compounds were also followed to the

identtficatÅ}on. Figure 6 shows a paper chromatogram of these eompounds.

     The identifieation of PrN-G was carried out with a mixture of
          .

              t'             /x                             f'x,

        o.4 Y'
      St "S --..-" in O•M phosphate
      ts Ks, buffer (pH 6.9)      .2 0•2 1 --•- tn O.IN NaOH      Åq l-
                                     N
                                           -            240 260 280 300 320 340
                  Wave length (mu)

                Fig. 7. Ultraviolet Absorption Speetra

                           of Xsolated P!N-G.

        The absorption spectra were recorded on a Shinazu multi-

      purpose speetrophotometer model b4PS-50L.
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plN-4LG and PIN-5'-G except mx spectroscopy. The ultraviolet '

absorption spectra of the compound at acidic, neutral and alkaline

pH were shown in Fig, 7. Absorption maxima of the compound were at

292 mv in O.IN HCI, at 254 and 327 mv in O,IM potassium phosphate

buffer (pH 7.0), and at 245 and 312 mu in O.IN NaOH, respectively.

These spectra coincided wtth those of PIN. The compound was hydrolyzed

in O.OSSN H2S04 at 1200C and IS lb for 3 hr in an autoclave. As

shown tn Table Vr, the Rf values of a vitamin B6 component lÅ}berated

by acid-hydrolysis were consistent with those of PZN in three solvent

systems. The Rf values of a sugar component tn the hydrolyzate

   TABLE VZ. PAPER CHRO)c[ATOGRtU?HY OF ISOLATED PIDq-G AND !TS ACM-

        HYDROLYZATE (DIAZOTIZED P-A]M[INOACETOPHENONE POSXTIVE)

Compound
z II

Solvent
IXZ IV

 PIN-G
- Acid-hydrolyzate*

PIN

PAL

PAbC

.39

.72

.71

.68

.45

 Rj' values

.07, .27

.40 .50

.41 .S3

.39 .76

.3S .76

.37

.55

.58

.60

.27

*) hydrolyzed in O.055N H2S04 at 120eC and 15 lb for 3 hr.

Solvent system;
  z. n-batanol:adetic aeid:water (4:1:1, v/v) .

 Xr. n-arnylaleohol:aeetone:water (2:1:1, v/v, upper layer)

Ur, water:acetone:t-butanol:diethylamine (20:35:40:5, v/v)

 IV. water:aeetone:t-butanol:acetie acid (20:3S:40:5, v/v)
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TABLEVXI. PAPER CHROMATOGRAPHY

  HYDROLYZATE (SrLVER

OF ISOLATED PIN-G

 NITRATE POSITIVE)

AND ITS ACID-

Compound
I

Solvent
  II III

PIN-G

Acid-hydrolyzate*

Glucose

Fructose

Maltose

Sucrose

.

.

.

.

.

.

38

23

23

28

13

17

.Rf values

.49

.34

.34

.37

.22

.28

.67

.54

,54

.S6

.47

.S3

*) hydrolyzed in O.OS5N H2SO" at

Solvent system:

  I. n-butanol:benzene:pyridine:

 rl. n-butanol:pyridine:water (6

lrl. Å}sopropanol:pyridine:water;

1200c

water
:4:3,

acetic

 and 15 lb

(5;1:3:3,

v/v)

 acid (8:8

 for 3 hr.

vlv, upper

:4:1, v/v)

1ayer)

TABLE V1II. MOLARRATIO OFPIN TO GLUCOSE

PIN found
 (vmole)

Glucose found
   (umole) Molar    'rat:o

Diazotized p-amtnoaceto-
phenone method

Anthrone method

Glucostat method*

2.50

2

2

'

e

'

38

33

1

o

o

.

.

.

oo

9S

93

*) PIN•-G
   3 nr.

Reducing

was hydrolyzed in

activity was not

 O.055N

found by

H2SOh, at 12oec

 Somogyi-Nelson

and IS lb

method       J

for
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         TABLE IX. HYDROLYSIS BY a-

 Theisolated compound was hydrolyzed

in the EX]?ERIr"IENTAL. PIN and glucose

paper chromatography.

AND B-GLUCOSIDASES

under the eonditions described

moieties were confirmed by

Glucosidases PIN 1iberated Glueose liberated

Yeast a-glucosidase

Mold maltase

B-Glucosidase

Cellulase

(Emulsin)

+

+

+

+

coineided with those of glucose, as shown in Table VIr. The molar

ratio of PIN to glucose was confirmied to be 1:1 by the diazotized

p-aminoacetophenone method,i04'i05) the anthrone methodilO) and the

                111)                    (Table Vrrl). The reducing activity of theglucostat method
                                                 112)                                                      Table IX showseompound was not found with the method of Somogyi.

the enzyTnatic hydrolysis of the isolated cornpound. The eompound was

                                                                 'hydrolyzed by yea$t a-glucosidase and mold maltase, but not by B-

glucosidase and cellulase. All these results indicated that the

product of Microceccus sp. No, 431 was PrN-ct-gluceside, An rR spectrum

of the compound supported this assumption (Fig. 8). As shown in Table

X, NMR signals of PIN-G showed no difference between PrN-4'-G and

PIN-5'-G.

     PrN-diglUcoside was also identified by various analytical methods,

The ultraviolet absorption spectrum of the compound coincided with

that of PIN. On hydrolysis in O•05SN H2SOu at 120"C and 15 lb for 3

hr, the isolated compound gave two components corresponding to glueose
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                    Wave number (cm-1)

          '
Fig. 8. IR Spectrum of Isolated PIN-G

TABLEX. Nty[R SIGNALSOF PrN-4'-G

 1000

(Micro

AND

800 600

KBr Tablet)

PrN-5t-G

400

.

 ?rN-4'-G

6 2.49 ppm

6 3.2-3•9 pprn

6 4.87 ppm

6 5.07 pprn

6 about 5 ppm

6 7.82 ppm

6

6

6

6

6

6

PIN-S

2.47

3.3-3

4.89

S.07

about

7.8S

ieG

Ppm
.9 ppm

ppm

Ppm
 5 ppm

PPm

(c-2', -CH3, single)

(ring protons of sugar,
multiple)

(C-5', -CH2-, single)

(C-4'. -CH2-, single)

(ct--anomeric proton)

(H-6', single)

  )q)IR spectra were reeorded on a

resolution mm spectrometer type

with DSS as an internal standard.
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H

H]C

H-6t

9b.o-

x -.

ft) a-protons
        **

rlng protons
of sugar

DHO -CH3

8.0 7.0 6.0 S.O 4.0 3.0 2.0 LO 06
      Fig. 9. mn Spectrum of Isolated PIN-diglucoside.

   The spectrum was recorded on a Varian HA-100D spectrometer

 at 100 MHz in D20 with DSS-D6 as an internal standard.

Ppm

and PIN, the molar ratio being confirmed to be 2:1 by the glucostat

method 1ii)and the diazotized p-aminoacetophenone methedl04'i05) NMR

spectrum showed the existence of PrN and sugar moieties and two a-

protons (Fig:9). It was suggested that PIN-4'--diglueoside, PIN-5'-

diglucoside and PIN-4',5'--diglucoside might be existent. PIN-4'-

dig!ucoside and PIN--4',5'•-diglucoside may be colored with the dtazotized

P-aminoacetophenone reagent in the presence of borate buffer. On the

Other hand, PIN-5'-diglucoside may not be celored with the reagent in

the presence of borate buffer, The two colored spots on a paper
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 chromatogram may support this assumption, as shown in Fig. 6,

                             DISCUSSION

     The cultural conditions of the formation of PIN-G were investi-

 gated with the Å}solated strain, Mierocoeeus sp. No. 431, for the

 eonvenient iso.lation of the compound. Sucrose was the most effeetive

glucosyl donor. rt seems that the PZN-G-synthestzing enzyme may be a

                                                  114)                                                             115)kind of glucosido-invertase like those frem yeasts,                                                       honey,
                116)and some aphids.                      The amount of PIN-G increased proportionately

to the concentration of added sucrose, and was remarkably accerelated

by the addition of several nonionic surfactants. Thd effects of sur-

factants on the metabolism of ntcroorganisms have been reported in

several ptcrobiai processes sueh as glutamic acid fermentatioi17)

                        118)and resptration of yeast.                              It i$ not clear whether the stimulative

effect of nonionic surfactants on the for"mation of PIN-G is caused by

the accerel.ation of the permeability of the product or of the enzyme

responsible for the transg!ucosidation reaction. Under the optimal

eondittons of culture, more than 907. of PIN added was converted to

PIN-C by Microcoeeus sp. No. 431. PIN-G was isolated from the culture

broth by the treatment with active carbon, column ehromatography on

Dowex IX2 (Cl-  type) and Sephadex G-10, and paper chromatography.

PIN-4'-G and PIN-S'-G could be separated by paper ehromatography with

a solvent of n-butanol:benzene:pyridine:water (5:1:3:3, v/v). The

two isomers were identified by various analytical methods including

absorption spectra, paper chromatography, the color develepment,
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enzymatic hydrolysis, and IR and NMR spectra. Contrary to the case

of Sareina Zutea IFO 3232, PIN-4'-G was dominant in Micpocoeeus.

In addition to PIN-G, PIN-diglucoside was detected in the culture

broth, the isolation and identification of the compound being carried

out.

     It is already reported that riboflavinylglycosides (mono--, di-,

                          77)tri-, and tetraglycosides)                              are formed from riboflavin and sugar

by transglucosidation. The aiechanisrn of transglucosidation to PIN

to form PIN-G and PIN-diglueoside may probably be simiiar to the

case ef riboflavinylglycosides.

                              SUMIVtARY

     With the isolated and identified strain, AdicTeeoceus sp. No. 431,

several conditions of the Eormation of PIN-G were investigated by the

growing culture. Sucrose and peptone were the most proper cempeunds

as carbon and nitrogen sources. A few nonionic surfactants exhibited

a stimulative effect on the formation of PZN-G, in whieh Span 80 was

the most effective. The formation of PXN-G reached to the maximum

after 60 to 80 hr of cu!tivation. Metal tons had no effect. The

amount of PIN--G inereased proportionately to the concentration of

added sucrose. Under the optimal culture conditions, the amount of

PrN-G attained to maxtmally 1800 to 1900 vg!ul (90-9SZ yield based on

                                                                .PIN added) at 2 mglul of PrN. The yield was maximal'at pH 7.0. PrN-G

was isolated from the culture broth ' and Å}dentified by several methods

ineluding ZR and mx analyses. PTN-diglucosÅ}de was also produced in
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the brotht and the

performed.

isolation and identifieation of the compoundwere
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      Section III. Purification and Some Properties of PIN-G--

           synthesizing Enzyme of Microeoceus sp. No. 431

                            INTRODUCTIO.N

     In the previous section, the PIN-G-accumulating activity of

bacteria was fqund to be distributed specifically in genera Scur'etna

and Adieroeoceus, An isolated baeterium No. 431, which was classified

        .into a theroeoeeus sp., had the highest activity of aecumulating

P!N-G in the culture broth. Various faetors affecting the PIN-G

formation were examined with this organism and over than 90Z of PTN

added was converted to PIN-G under the optimal cultural conditions.

However, the enzyTne catalyzing the synthesis of P[N-G has not yet been

investtgated and the mechanism of its formation remains to be eluci-

dated. The present section describes a purifieation proeedure of the

enzyme from utcrococcus sp. No. 431, whtch catalyzes a glucosyi

transfer from sucrose to PIN to form PIN-G. The author also reports

some properties of P:N-G-synthesizing enzyme purified from Microeoecus

sp. No. 431.

                             EXPERIMENTAL

     MateriaZs. Uridine diphosphate glucose was kindly gtven by the

Laboratory of lndustrial Microbiology, Department ef Foed Scienee and

                                                                ,Teehnology, Kyoto UnÅ}versity. Other chemicals used in this section

were purchased from commercial sourceg.

     Mieroorganisms and (ntZtivatrion. The bacterÅ}a except llficrocoecus
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                                                   .  sp. No. 431 were from laboratory collections. thepoeoccnLs sp. No.

  431 was tsolated from soil in Kyoto Prefecture as reported in the

  previous seetion.

       The bacteria were grown on a rnedium containing 3,O% suerose, 1,O

  % peptone, O.2Z yeast extract, O.SZ K2HPOlj, O.IZ KH2PO", O.2el. NaCl,

  and O,02Z MgS04'7H20. The pH was adjusted to 7.0. The cultivation

  was carrted out aerobically at 280C for 24 hr in a 2 liter-shaking

  flask containing 500 ml of the medium. Cultures were also performed

' at 280C' for IS hr in a 20 liter jar fermentor (Marubishi Laboratory

  Equtpment Co,, Ltd.) with the rotation of impeller at 225 rpm and the

  aeration at lS literslntn. ' '
       The cells harvested by centrifugation were washed once wLth O,8S

  Z saline Folution. The washed cells were suspended in O.OIM potassiurn

  phosphate buffer (pH 7,O) containing 3 x 10-3M 2-mercaptoethanol and

  followed to the sonieation,

       itr,epczr?ation of ceZZ extraet. The washed cells obtained as

  described above, were disrupted with a Kaijo-Denki 19 Hz ultrasonic

  oscÅ}11ator (20 kc) at O-150C. The eell debris was removed by centri-

  fugation at 10,OOO rpm for 20 min and the supernatant solution was

  used as cell extraet.

       Assay of enayme aetiv#y. Through the purifteation of PTN-G-

  synthesizing enzyne of Microcx)ceus sp. No. 431, both ct-glucosidase

  and transglucosidase activities were assayed. In the assay of

  a-glueosidase activity, the standard reaction m!xture contatned 25

 umoles of suerose, 100 pmoles of potassium phosphaye buffer (pH 8.0),
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S vmoles of 2-mercaptoethanol and a suitable amount of enzyne in a

total volume of 2.5 ml. After ineubation at 300C for 30 min, the

reaction was stopped by heating the tube in a boiling water bath for

5 min. The cr-glucosidase activity was determined by measuring the

liberated reducing sugars. The standard reaction mixture for the

assay of transglucesÅ}dase aetivity contained 25 vmoles of PXN, 25

umoles of sucrose, 100 umoles of potasssium phosphate buffer (pH 8.0),

5 vmoles of 2-mercaptoethanol and a suitable amount ef enzyme in a

total volume of 2.S ml, After Å}ncubation at 300C for 60 rnin, the

reaction was stopped by heating the tube tn a boiling water bath for

5 min. PIN-G was detennined by paper chromatography as described tn

the previous section, One unit of both enzyrne activittes was defined

as the amount of enzyme which produeed lmvmole of products per min

under the eonditions described above. Specific activity was shown as
                                                              +
units per E2so mp• Protein yas estimated by measuring the optical

density at 280 mv with a Hitachi Perkin-Elmer 139 spectrophotometer.

     AnaZyttcaZ methods. Reducing sugars were determined by Somogyi-

              112)                    PIN and PIN-G were determined by paper chromato-Nelson method.
                                             .graphy and the method described in the previous s'ection. For the

eonvenience of time, the aseending development was carried out for

3 hr with running by approximately 10 crn from the spotted line.

     EZectrophoresis. Polyacrylamide-gel electrophoresis was carried
                                       119)                                             Stacking and runningout by a modtfÅ}cation of DavÅ}s mgthod,

gels were polymerized in a Pyrex tube C5 X 6S mm)i After the run,

the gel was stained with IZ naphthol blue-black, destained electro-
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phoretically and stored in 7Z acetic acid.

     UZt?aeentrifugaZ anaZy6is. Sedimentation velocities were mea-

sured with the Beckman-Spinco analytical centrifuge model E operating

              120)at 59,780 rpm.

     Measurement of uZtravioZet absorption speet?zun. The ultraviolet

absorptton speetrum was recorded on a Shimazu multi-purpose spectro-

photometer model MPS-50L.

                              RESULTS

     Enzyme Activity tn CeZZ Extraats

     Five speeies of Sctr'cina and MicT}oeocaus were examtned fer P!N-G-

forming activity using cell extracts. The result is shown in.Table

:. RelatLvely high transglucosidase activity (PXN-G-forming activity)

    TABLE I. PTN-G-SYNTHESIZING ENZYME ACTIVITY IN CELL EXIrRACT

  EnzyTne activities were assayed with the extracts prepared from the

cells grown.in the basal medium at 280C for 15 hr on a reciprocal

shaker under the standard conditions.

Strains
   Total ct-Glueosidase
absorbaney
 at 280 mp S.A. T.U.

Transglucosidase

S.A. T.U.

utcroeoeaus sp. No

ntcrocoecus flavus

Mcroooceus poseus
Sarcina Zutea IFO

Saroeiua marginata

. 431

 IFO 3242

 IFO 3764

1099

IFO 3066

2700

2580

   o

 762

 l23

10.2

 4.3

   -
 O.2

20.1

18300

 7470

    -
  100

 16SO

1.0

o.o

o.o

3.8

1800

   o

   o

 311

S.A.:

T.V,:

Speeific activity (units!E

Total untts

      )280 mu
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                Fig. 1. Effect of Cultivation Time.

           Beth ct-glucosidase and transglucosidase activities

         were estimated using cell extract of Mierococeus sp.

         No. 431 under the standard assay conditions. !ncu-

         bation was carried out at 30ec.

           o , Specific aetivity; e , Total activity.
                                             '

was found in two organisms, Sar'cina mar'ginata IFO 3066 and Microcoeeus

sp. No. 431. Tetal enzyme activity in cell extract of the latter

organism was bigher ,than that of the former. Therefore, lt seems that

.Microcoecus sp, No. 431 is an appropriate enzyrne source for the

puriftcation of PZN-G-synthesizing enzyme.

     The affect of culturing tine on the formatten'of. both enzymes
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of Maroaoccus sp. No. 431 is shown in Fig. 1. The specific activi--

ties reached to maxima after about 20 hr of incubation. Total

activities of ct-glucosidase and transglucosidase also reached to rnaxirna

after about 20 hr of incubation and remained constant until about

60 hr.
                                                            '
     Based on these data, Micrecoceus sp. No. 431 was selected to

purtfy PIN-G-synthesizing enzyme.

     Pia)ification of Enzyme

     All operations for the purÅ}fication of the enzyrne were perfomned

at o-lsoc.

     Routtne enzyrne assays in the aourse of purificat'ion were carried

out by determining an a-glucosidase activity unless otherwise noted.

ct-Glucosidase fractions were subjeeted to the assay of transglucosi-
         .
dase actÅ}vity.

     V Sonieation. The washed cells were suspended in O.OIM potassium

phosphate b.uffer (pH 7.0) contatning 3 x 10-3M 2-mercaptoethanol, and

were disrupted with a Kaijo-Denki 19 Hz ultrasonic oscillator (20 kc)

at O-150C for 8 hr. Then, the cell debris was centrifuged off at

10,OOO rpm for 20 min. The supernatant solution was used as a starting

material of the purification,

     2J lst Amrnoniwn suZfate fr'actionation. To the cell extract

(1425 ml, total E2so mp " S3,OOO) was added solid ammonium sulfate

to make O.30 saturation, followed by standing for 30 min, After

removal of the resulting precipitate by centrifugation, solid ammonium

sulfate was ' added to the supernatant solution to rpake O,80 saturation.
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           Fig. 2, DEAE-Sephadex Column Chromatography.

             Column size S.6 X 53 cm, Flow rate 70 ml/hr.

           One fraction 10 mi.

             o , Protein; e , PIN-G-synthesizing enzyne activity.

                        '
the mixture was left to stand overnigh.t, and the precipitate formed

was collected by centrifugation at 10,OOO rpm for 20 min and dissolved

in O.OIM potasstum phosphate buffer (pH 7.0) containÅ}ng 3 x 10-3M

2-rnercaptoethanol. The solution was dialyzed ovemight against the

same buffer.

     3) DEAE-Sephadex eoZwnn chromatogi'crphy. The dialyzed enzyme

solution (386 ml, total E2so mu = 27,200) was subjeeted to DEAE-
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 Sephadex column chromatography, A DEAE-Sephadex column (5.6 x S3 cm)

 was preliminarily equilibrated with O.Ol}"I potassium phosphate buffer

 (pH 7.0) containing 3 x 10-3M 2-mercaptoethanol. The enzyme solution

 was placed on the columm and was washed with the same buffer.

 Subsequently, it was treated with O.IM potassium phosphate buffer (pH

 7.0) containing. 3 x 10-3M 2-mercaptoethanol and O.2M sodium chloride.

Ten milliliters of fractions were collected and the protein was

 followed by measurement of the absorbancy at 280 mp. IY[uch of the

tnactive proteins were removed in this step. The enzyme was subsequently

eluted with O.IM potassium phosphate buffer (pH 7.0) containing 3 X

10-3M 2-mercaptoethanol and O.3M sodium chloride. The alution pattern

of the enzyTne is shown in Fig. 2, The aetive fractions (tube No. 424-

466) were combined and the enzyme was precipitated by the addition of

solid ammontum sulfate (O.65 saturation), The precipitate was collected

by centrifugation and dissolved in O.OIM potassium phosphate buffer

(pH 7.0) containing 3 Å~ 10-3M 2-mereaptoethanol, and then dialyzed

overnight against 2 liters of the same buffer with three changes.

     4) 2ndArmonium stzZfate fractionation. The diaiyzed enzyne

solution was applied to 2nd arnmonium sulfate fractionation. The

precipitate obtained between O•45-O.60 saturation of arnmonium sulfate

was dissolved in O.OIM potassium phosphate buffer (pH 7.0) containing

3 x 10t3M 2-mercaptoethanol and dialyzed for 10 hr against 2 liters

of the same buffer with three changes.

     5) Hy dr,o [ig Zapati te cc ZurTm en' po rna to gr,ap hy . The d ialyz ed enz yme

solution (24 rn1, total E2so mu = 342) was applied to hydroxylapattte
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           Fig. 3. Hydroxylapatite Colu:Ln Cb.ro::..atography.

  Column size 3.6 X 13.5 cm, Flow rate l8 ::.1!hr, One fraetion 3 Tnl.

          o , Protein; e , PIN-G-synthesizing enzÅrTTn..e activity.

colurnn chromatography. The column (3.6 X 13.5 cm) was preliminarily

bufferized with O.Ol)( potassium phosphate buffer (pH 7.0) containing

3 x IO-3M 2-mercaptoethanol. After the enzyTne solution was charged,

the column was washed with the same buffer and eluted with O.IM

potassium phosphate buffer (pH 7.0) containing 3 X 10-3M 2-mercapto-

ethanol. The elution pattern is shown in Fig. 3. Active fractions

were combined and brought to O.6S saturation by amm.onium sulfate.

The precipitate was taken by centrifugation and dissolved in O.OIM
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           Fig. 4. Second Sephadex G-100 Gel Filtration.

            Column size 2.4 x 88 cm, Flow rate 24 ml/hr,

           One fraction 3ml.

            o , Protein; e , PIN-G-synthesizing enzyne

           activity.

potassium phosphate buffer (pH 7.0) containing 3 x 10-3M 2-mereapto-

ethanol.

     6J Sepahdex G-leO coZwnn eltrouatography. The enzyme solution

(1 ml, total E2so mu " 60) was applied to a colum of Sephadex G-100

(2.4 x 88 cm). The proteÅ}n was eluted with O.OllC potassium phesphate
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TABLE II. PURIFICATION OF PIN-G-SYNTHESIZING ENZYME

  Total
abso rb an cy
 at 280 mv

ct-Glucosidase Tran$glucosidase
Frac tion and step

S.A. T.U. S.A. T.U.

L
2.

3.

4.

5.

6.

7.

Cell extract
lst ArnSOg (30-80"1.)

DEAE-Sephadex A-SO

Hydroxylapatite
2nd AmS04 (45-650!.)

Sephadex G-100 (I)

Sephadex G--100 (11)

53000

27200

  342

  134

   60

   23

   11

   8.S

  15.9

 365

 63S

1040

2450

3020

30200O

289000

 82700

 56700

 41800

 38000

 22SOO

 `

  1.1

  L5
 20.2

 33.1

 66.2

i6 3

249

395oo

26500

 46]D

 29SO

 2650

 2520

 18SO

buffer (pH 7.0) eontaining 3 x 10'3M 2-mercaptoethanol. The active

fractions (fraction No. 46-60) were collected, concentrated by ammo-

nium sulfate at O,65 saturation, and dissolved in O.Ol)( potassium

phosphate buffer (pH 7-O) containing 3 X 10-3M 2--metcaptoethanol.

The enzyrne solution was rechromategraphed on Sephadex G-100. By the

2nd Sephadex G-ZOO colurnn chromatography, a single peak was obtained

as shown in Fig. 4. The fraetions from No. S2 to No, 65 were used

as the purified enzyme. The enzyrne was purified approximately 354-

feld with 7.4eA recovery. A surnrnary of the purifieation procedure ig

presented in Table II.

     Pur#y ctnd Properties of Enayme

     Dise eZectrophoresis •
                                                               '     Disc electrophoresis (polyacrylarni'de-gel) was attempted with the

purified enzyrne. The electrophoretic pattern (Fig. 5) showed a single
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band, supporting that the obtained enzyrne was homogeneous.

     UZtraeentrifugaZ anaZysis

     The ultracentrifugal analysis of the purified enzyme was perforTned

with a Beckrnan-Spinco analytical centrifuge model E. As shown in Fig.

6, the Schlieren patterns indicated the presence of a single component.

     mie sedirnentation coefficient, s2o,w, was estimated for the enzyme

                 '         = 5.4) to be 3.68 S.(E
  280 mp

     These results show that the purified enzyme is a single protein.

     I?poperties of engyme

     PrN-G-synthesizing enzyrne was purified according to the method

m
llll!!llR

!

/te;:

`s

 '.' 1 1' r.f.

z{'5itrt$.'.i

t#as'.,.'e

 " i'l :'
 - '

  k ` ksis

  w'r    .--
   +

Fig. S. Aerylamide-gel ElectrophoresisI
                                        :     of PrN-G-Synthesizing EnzyTne. i,•
                                        l
  The purified enzyTne (31.5 ug) was app-l,
                                        'lied to the stacking gel and subjected i
                                        :to the electrophoresis at a current of l
                                        i2,O mA for 50 min in Tris-glycine bufferi
                                        11(pH 8`3) containing 3 Å~ 10'3M 2-mercaptoj,
                                        l•ethanol. The direction of migration is:
                                        s
from the cathode to the anode.
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   Fig. 6. Sedimentation Patterns of PIN-G-synthesizing Enzyme.

  The experiment was carried out at a concentration of O.36% enzyrne
in O.O]M potassium phosphate buffer (pH 7.0) containing 3 x 10-3M

2-mercaptoethanol. The photographs were taken at 26, 36, 51 and 66

min after reaching 59,780 rpm. The sedimentation is left to right.

described above. The first amrnonium sulfate fraction (the partially

purified sample) and the.2nd Sephadex G-IOO-treated fraction (the

purified sample), homogeneous on ultracentrifugation and polyacryl-

amide-gel electrophoresis, were used throughout this section.

     UZtravioZet absorption speetr'wn

     The ultraviolet absorption spectrum of the purified enzyne in

O•OIM potassiurn phosphate buffer (pH 7•O) containing 3 x 10-3M 2-

mercaptoethanol was rneasured with a Shimazu multi"purpose recording

spectrophotometer model MPS-50L, as shown in Fig. 7. The spectrum

showed a typical protein spectrum and the absorption maximum and

minimum were found to be at 280 mp and 253 mp, respectively. E                                                                   1                                                             280 mu

E26o mp was 1`6.
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         Fig. 7. Ultraviolet Absorption Spectrum of Enzyne.

  The purified enzyne was dissolved in O.OIM potassium phosphate
buffer (pH 7.0) containing 3 X IO'3M 2-mercapteethanol. The spectrum
of the solution was measured by a ShiJnazu multi-purpose spectrophoro-
meter model MPS-50L.

     Lineutty ef enzyme aetivity

     A linear relationship was obtained between enzyme activity and

reaction tine, up to 30 min for a-glucosidase activity and up to 120

mLn for transglucosidase acttvity, as shown in Fig. 8. A linearity

between enzyme activity and enzyme concentration was observed, up to

150 units for a-glucosidase activity and up to 12 units for trans-

glueosidase activity, as shown in Fig. 9.

     StczbiZity of enayme

     After an altquot of enzyme solutton was kept at various pH at 40eC

for 10 min, the remaining enzyne activity was estimated. As shown
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 ct-glucosidase and transglucosidase activities were estimated
lst ammonium sulfate fraction under the standard as'say condi-
  Ineubations were carried out at 300C.
         O a--Glucosidase acttvity (48.0 units)
         e Transglucosidase activity (7.3 units)
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Fig. 10. pH Stability of Enzyme. Fig. 11. Heat Stability of Enzyme.

  An aliquot of enzyme solution (lst After an aliquot of enzyne solu-•
ammonium sulfate fraction) was Icept tion (lst ammonium sulfate frac-
at various pH at 400C for 10 min. tion) was kept at various tempe-
After adjustment of pH 8.e, the rature for 15 min. The residual
residual enzyme activity was mea- enzyne aetivity was measured
sured under the standard assay under the standard assay condi-
conditions. Incubations were made tions. Incubations were made for
for 30 rnin (a-glucosidase activi- 30 rnin (a-glucosidase activtty)
    and 60 rnin (transglucosidase and 60 min (transglucosidasety)

activity) at 300C. activtty) at 300C,
  o ct-Glueosidase activity (19•O O a-Glucosidase aetivity (46.0

  e Transglueosidase activity e Transglucosidase activity
    (10.4 units) (11.0 units)
in Fig. 10, both a--glucosidase and transglueosidase activities were

stable at pH 7.0, where 70-80Z of initial activities rernained.

     Figure ll shows the stability of the enzyne activity against

heating. The enzyme was heated at various temperature at pH 8.0 for

i5 min. The enzyme was stable Å}n a range frorn OOC to 300C. However,
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             Fig. 12. Effect of pH on Enzyme Aetivity.

  Both a-glucosidase and transglueosidase activities were estirnated
using lst ammonium sulfate fraetion under the standard assay condiT
tions. rncubations were carried out for 30 min (ct-glueosidase                                                                actl-
vity) and 60 min (transglucosidase activity) at 300C at various pH.
                  o ct-Glucosidase activity (26,O units)
                  e Transglucosidase activity (20.0 units)
    --- Acetate buffer ' Phosphate buffer ----' Tris buffer

it was shewn that transgLucosidase activity was more stable than a-

                                             -glueosidase activity against heating; at 80eC, almost all ct-glucosidase

activtty were lost, but 25Z of transglucosidase activity remained.

Zt seems that transglucosidase activity is stabilized against heating

in the presence of PIN•

     Effect oJ' pH

     The activity curves of the enzyme'are shown in Fig, 12. Higher

enzyrne activities were found at pH of alkal-ine side, and optimal pH
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        Ftg, 13. Effect of Temperature on EnzyTne ActÅ}vity.

  Both a-glueosidase and transglucosidase activities were estimated
                                                        assay eondi-using lst arnmonium sulfate fraetion under the standard
ttons. Zncubations were carried out for 30 min (ct-glucosidase acti-
vity) and 60 min (transglucosidase aetivtty) at various temperature•
         --o- a-Glucosidase activity (52.7 units)
         - TransglucosÅ}dase activity (9.S units)

was 8.0 wtth both enzyme activities in phosphate buffer. However,

when TrÅ}s-HCI buffer was used in place of phosphate buffer, the both
                                                 .
activities deereased extremely even at pH 8.0.

     Effect of temperature

     Optimal tenperature on the enzyme activities was ebserved around

370C, but the enzyme activities markedly decreased above 40eC under

the standard assay conditions, as shown Å}n Fig. 13,

     Smbstrate specifieiby
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             TABLE I!1. EFIF'ECT OF GLUCOSYL DONORS

  The reaction was perforrned using the purified enzyne prepara-

tion under the standard reaction conditions exeept 25 vmoles of

glucosyl donor.

G!ucosyl donor
a-Glucosidase
  ?SE.'gl.tYb)

Transglucosidase
    activity            b)    (murnole)

D-Glucose

D-Fructose

Sucrose

Maltose

Trehalose

Lactose
      a)
Starch
        a)
Gly cogen

Phenyl-ct-glucoside

Methyl-a-glucoside

Glucose-6-phosphate

cr-Glucose-1-phosphate

             - NaF
             + NaF 10-2M
    c)
UDPG

362

444

  o

  o

  o

  o

624

  o

  '

-

  o
  o
 S99

 892

   o

   o

   o

   o

20 70

   o

   o

   o

   o

   o

                                             ,    a) 10 mg in the standard reaction mtxture except 2S pmoles of

  sucrese.    b) a-Glucosidase activity 24.1 units, Transglucosidase activity
  10.0 units.
    c) Vrtdine diphosphate glucose.

     The effect ef various glucosides on the enzyne activity was

examined with mono-, dÅ}., and poly-saccharides, methyl- and phenyl-

a-D-glucosides, sugar phosphate esters and uridine diphosphate glueose.

As shown in Table T::, beth a-glucosidase and transglucosidase activi-
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               TABLE IV, EFFECT OF GLUCOSYL ACCEPTORS

  The reaetion was performed using the purified enzyme preparation

 (7.6 units) under the standarcl reaction conditions except 25 umoles

of glueosyl accepttor.

     The formation of glucoside was determined by paper chromatography

using Toyo filter paper No. 53. The ascending development was earried

out in the solvent systems (1), (2) and (3). Glucoside on paper was

detected by Manaslu lamp (2536 A filter) and confirmed by spraying
                                                 104,105)with the diazotized p-aminoacetophenone reagent.                                                           The ultra-
violet absorbing spot of PIN-G was extracted with a rnixture of 2.5 ml

of. 99% ethanoi and 2•5 ml of 25Y. sodium acetate for 90 rnin at 370C.

The extracted solution was assayed colorimetrically at 470 mp accer-
ding to the diazotized p-aminoaeetophenone methodl04'105)with a

Hitachi photoelectrÅ}c photometer EPO-B.

Solvent system':

 (1) acetone:t-butanol:diethyXamtne:water (35:40:5:20, v/v)

 (2) t-butanol:formate:water (70:15:15, v!v)

 (3) t-amyialeohol:acetone:diethylamine:water (40:35:5:20, v/v)

Glucosyl acceptor Transglucosidase
activity(mvmole)

PIN

PAL

PAM

4--Pyridoxic acid

453

  o

  o

  o

ties were revealed in the presence of suerose, rnaltose and phenyl;a-

D-glucoside. The reaetÅ}on rates of enzyme decreased in the following

order: phenyl-ct-D-glueoside, malto$e and sucrose. Essentially no enzyrne

activity was observed with methyl-a-D-glucoside. or-Glucose-1-phosphate

and uridine diphosphate glucose were also inert.
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Effect

  The reactions were carried

containing 42.5 units of

25 umoles of P:), 10e umoies

5 umoles of 2-mercaptoethanol

or pheny!-a-D-glucoside

Velocity (V) was expressed

substrate concentration

        1!S Å~ 102 1!S Å~ 10-2

 of Coneentrations of Glucosyl Donors

en Enzyme Activity.

     out at 300C for 60 min in reaction rnixtures

 the enzyme (lst arnmonium sulfate fraction),

     of potassium phosphate buffer (pH 8.0),

      and indicated arnounts of sucrese, maltose,

as a substrate in a tota! vo!ume of 2.5 ml.

   as mvmoles of PIN-G formed/minlunit, and

(S) as moles per liter.

     Frorn these observations, the enzyne seerns to belong to one of

a-giucosidase, but not to a-methylglucosidase' ,!21) phosphorylase or

uridine diphosphate glucosyl transferase.

     The effect of vitamin B6 compounds on the enzyme aetivity was

exarnined with'PTNt, PAL,' PAM and 4-pyridoxic acid. As shown in Table

IV, only PrN served as glucosyl acceptor.

                                       '     Kinettes

     Figure l4 shows the effect of concentrations of sucrose, maltose
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                                          123
                                           1/S Å~ 10-2

     Fig. 15. Effeet of PIN Concentrations on Enzyme Activity•

  The reactions were carried out at 300C for 60 mtn in reaction mixtures

contaÅ}ning 40.5 units of the enzyne (lst ammonium sulfate fraction),

25 pmoles oi sucrose (r), maltose (rZ), or phenyl-ct-D-glucoside (III),

100 utuoles of potassium phosphate buffer (pH 8.0), 5 vrnoles of 2-merca-

ptoethanol and indicated amounts of PIN, in a total volume of 2.S ml.
VelocÅ}ty (V) was expressed as mpmoles of PrN--G ferrned/minlunit, and

substrate concentration (S) as moles per liter.

                                                  ,
and phenyl-a-D-glucoside on the formation of PIN-G.

     The effect of concentrations of PIN on the formation ef PIN-G is

shown in Fig, 15.

    Kh7s for sucrose, maltose and phenyl-ct-D-glucostde were calculated

from Lineweaver-Burk's plots to be 1.2S x 10-2M, 1;OO'x IO-2M and 5.26
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TABLE V. KINETIC PARA.),lliTERS FOR SUBSTRATES OF ENZYME

Substrate Km (M)       v
      max
(mumolelmtnlunit)

Sucrose 1.3x lo-2
Maltose 1.oxlo-2
Phenyl-a-D-glucoside S.3 x lO'2

PIN (Sucrose) 7.lxlO-3
    (Maltose) 3.6 x lo-3
    (Phenyl-ct-D-glucosÅ}de) S.7 x !O-3

   .
 2.5

 3.3

!3.I

 L8
 2.0

 3.3

x 10-2M, respecttvely. Khis for PIN in the eeexistence of sucrose,

maltose or phenyl-ct-D-glucoside were also calculated to be 7.14 x 10-3

M, 3.S7 x 10'-3M and 5.71 x 10"3M, respectively. These Kin values are

surnmarized in Table V,

     Effect of VaTious agents

     As shown in Table VI, the enzyme activity was affeeted by sulf-

hydryl reagents and heavy metal ions. The aetivity was almost comple-

tely inhibited by p-chloromercuric benzoate at a cencentration of 10-4

M. Iodoaeetate was a less effective inhibitor at a eoneentration of

10-"M. However, the inhibition was nearly overcome when 2"mercapto-

ethanol (10'-3M) coexisted with p-chloromercuric benzoate (iO-gM) or

monoiodoacetate (10-4M). Heavy metal ions, which are known as the
                                                '
inhibÅ}tors of'the sulfhydryl enzymes, also showed an inhibitory effect

on the enzyne activity. At a concentration of 10-"M of metal ion,

                                        • 2+ 2+                                                                  +the activity was alJrtost or completely inhibited by Cu , Hg , Ag

                                         2+and pb2+, and moderately Å}nhibited by Zn . Similar sensitivities to
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            TasLE Vr. EFFECT OF SurenYDRn INHIBITORS

  Reaction mixture contained sucrose 25 pmoles, PIN 25 prnoles,

potassÅ}um phosphate buffer (pH 8.0) 100 vrnoles, the dialyzed enzyme

solutton (the purified enzyrne preparation, l3.8 units) and each

reagent in a total volume of 3.0 rn1. Incubation was made for 60

nin at 300C.

.

Agent Concentration (M) Transglucosidase
 inhÅ}bition (7.)

None

PCMB*

PCMB + 2--Mercaptoethanol

Monoiodoacetate

Monoiodoacetate + 2-
  Mercaptoethanol

AgNO3

HgC12

cuso"

2(PbCO3)Pb(OH)2
    +zn (cH3coo) 2

10-"

lo-g + 2 x lo-3

lo'4

lo-g + 2 x lo-3

10-4

lo-g

10-4

lo'4

lo-g

  o

 96

  o

 19

  o

100

 89

 99

 82

 36

de) p-Chlorornercuric benzoate

sulfhydryl reagents or heavy metals have been reported with intestine

122)              123)
     and yeast .                  ct-glucosidases. Thus, the enzyme seems to be a

     Table VIT shows the effect of various agents on the enzytne acti-

vity. The activity was not appreciably affected by Na2HAsO", NaF,

KCN, carbonyl reagents and chelating agents. But, Tris caused a 56e!.

inhibition at the eoncentration of 10-2M, which is a well-known
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                  TABLE VII. EFFECT OF INHZBITORS

  Reaction mtxture contained sucrose 25 umoles, PIN 25 vmoles,

potassium phosphate buffer (pH 8,O) 100 umoles, 2-mercaptoethano!

5 pmoles, the enzyme solution (the purified enzyme preparation,

15.0 units) and each reagent in a total volume of 3.0 ml. !ncubation

was Tnade for 60 min at 30ec.

Agent Concentration (M) Transglucosidase
 inhibition (Z)

Nene

NaF

KCN

Na2HAs04

Phenylhydrazine.HCI

Semiearbazide'HCI

a,a'-Dipyridyl

o-Phenanthroiine
    a)
EDTA
    b)
Tris

5 x lo-4

  IT

  tT

  lt

  tt

  10-"

  tt

  rt

  11

    -3  10
  IO-2

o

17

9

12

13

4

1

1

s

2

2

56 -

a) EthylenediaTnine tetra-acetic acid
b) Tris-HCI buffe' r (pH 8.0) :
                                      t

                                      122 ,124)
inhibitor of intestinal carbohydrases

     l23)
dase.

     Effect o[f metaZ ions

     Irhe effect of metal ions at 10-3M on the

examined in the presenee of 2-mercaptoethanol
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and yeast a-glucosi-

enzyme activity was

at 1.7 x 10t3M and the



  Reaction
potas sium

S pmoZes,

units) and

Ineubation

       TABLE V[rl. EFFEer OF METAL IONS

 mixture eontained sucr,ose 25 vmoles, PIN 25 vmoles,

phosphate buffer (pH 8.0) IOO prnoles, 2-mercapteethanol

the enzyme solution (the purtfied enzyme preparation, 5.3
 each metal ion (10-3M) in a total volume of 3.0 ml.

 was made for 7S min at 30eC.

Metal ion
Transglucosidase
  activity (Z)

None

NaCl

KC1

LiCl

BaC12

caCl2

Feso4

FeC13

Mgso4

NiSOu

cocl2

)inSO4

cr2(so4)3

Na2Mo04

100

 94

10O

 99

113

113

114

106

105

 38

 61

104

104

 9S

      .
                                                  -results are shown in Table VII!. The enzyne was dÅ}alyzed overnight

against O.Olb( potassiurn phosphate buffer (pH 7.0) containimg 5 x iO-3

                                       2+                                          caused a 60Z inhibitionM 2-mercaptoethanol and then tested. Ni

and co2+ a 4oz inhibition. The aetivity was practÅ}cally unaffected

by other metal ions tested.
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             Fig. 16. Determination of Reaction Products

               by Two--dimensional Paper Chromatography.

    Solvent system:
    First development; n-butanol:acetic acid:water (4:1:1, v/v).

    Second development; n-butanol:pyridine:water (6:4;3, v/v).

     Identifieation of Reaction Produets by Two-dimensionaZ paper

Chromatohraphy

     The reaation products of PIN-G-synthesizing enzyrne were confirmed

by two-dimensional paper chromatography. The result is shown tn Fig.

16. An appropriate amount of the reaetion mixture ustng the purÅ}fted

enzyrne preparation was spotted on Toyo filter paper No. S3. The

ascending development was carried out in the direction of one.-
                                                     --
dimensien with runnÅ}ng by about 26 cm from the spotted line in the

following solvent system; n-butanol:acettc acid:water (4:1:1, v/v).
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 The ascending development was also carried out in the direction of

 two-dimension with running by 27 cm from the base line in the follow-

 ing solvent system: n-butanol:pyridine:water (6:4:3, v/v), The

 products on a paper chromatogram were detected with a Tvlanaslu lamp

and qualitatively identified by spraying the diazotized p-aminoaceto-

                104,i05)phenone reagent.                          PIN-G gave two orange spots. Thereafter

O.2M borate buffer (pH 9•O) was sprayed on a paper, followed by drying

at 60eC for 10 min. Then, one of the orange spots changed to yellow.

These two compounds were identified as PIN-4'-G and PrN-5'-G, as des-

cribed in the preceding section. Other two spots with smaller Rf

values than those of PIN-G were also detected as shown in Fig. 16.

One spot gave an orange color in the presence of borate and another

orange sppt disappeared in the presence of borate. These compounds

also seemed to be PIN-4'-G and P!N-4',5'-diglucoside, and PrN-5'-

diglueoside, respectively.

                             DISCUSSION

     Throughout the purification of PIN-G-synthesizing enzyme from

Meroeoecus sp. No. 431, transglucosidase activity to fomn PIN-G was

always associated wtth cr-glueosidase activity to hydrolyze sucrose.

Zt may be indicated that both aetivÅ}ties are due to a single enzyne

and that the synthesis of PZN-G is catalyzed by a g!ucosido-invertase

which transfers a glueosyl residue from suerose to PrN.

     A number of a-glucosidases with different substrate specifieities

have been purified from microorganisms, plants and animals. Most of
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invertase preparations frorn various sources!25'i27) eatalyze the

transfer of fructosyl residue of sucrose. a-Glucosidases which catalyze

the transglucosidation from sucrose to certain alcoholic groups are

found in brewer's yea$ts,114'128'129) honey,115) insects,116) and
                                                         .
baeteria.130) it is of interest to note whether or not these adgiuco-

sidases catalyze the synthesis of PIN-G from PIN and sucrose,

     The purified PIN-G-synthesizing enzyme utilized phenyl-a-D-

glucoside and maltose as well as sucrose as glucosyl 'donors. It showed

no transglucesidase activity with a-glueose-1-phosphate, which is an

intermediate in the reaction of sucrose phosphorylase. These results

are compatible to the assumption that the enzyTne belongs to a glucosido-

invertase (ct-glucosidase).

     It is known that yeast a--glucosidase has a low specificity for

glucosides of holoside and heteroside while mold ct-glucosidase has

                                                       .a high one. PIN-G-synthesizing enzyne purified from Mtcr'ococcnts sp.

No. 431 had a specificity for beth ho!oside and heteroside.

     Arnong vitamin B6 eompounds tested, only PrN was effective as

glucosyl acceptor for the formation of PrN•-G. Yet, further investi-

gations are required on the specificity of the enzyme for other glucosyl

                                                'acceptors. rt was also shown that this enzyme examined here, like many

other ct-glucosidases, was characteristic of the sulfhydryl nature.

                               SUMtVIARY

                                          '     An enzyme catalyzing the synthesis of PIN-G was demonstrated in

cen extra6ts of saretna and Mierococcus incubated on a medium centai-
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ning PIN and sucrose. Mc?oeoccus sp. No. 431 was found to have a

high activity of the enzyne and the enzyme activÅ}ty reached to a

maxÅ}mum after 20 hr of cultivation.

     The enzyTne which synthesized PIN-G from suerese and PrN by trans-

glucosidation was purified from Micrococcus sp. Ne. 431 by means of

ammonium suifate fractionation, and DEAE-Sephadex, hydroxylapatite

and Sephadex G--100 column chromatography. The enzyme was purified

about 354-fold and confirmed to be homogeneous on polyaerylamide-gel

electrophoresis and ultracentrifugation.

     Some properties of PIN-G-synthesizing enzyne were investigated

with purified enzyme preparations from Merocoeeus sp. No. 431.

     The enzyme was stable at pH 7.0 and between OeC and 300C. The

maxirnal activity was obtained at pH 8.0 and 37eC. Besides sucrose,
         '
phenyl-a-D-glucoside and maltose served as glucosyl donors. Of vitamin

B6 cgmpounds tested, only PZN served as glucosyl acceptor. The

enzyme activity was inhibited by PCM(B and heavy metal ions, and the

inhibition was prevented by 2-mercaptoethanol, tndicating the enzyme

would be a sulfhydryl enzyme. The activity was not affected by

chelating agents and not activated by metal ions.

     1he reaetion preduets of PrN-G-synthesizing enzyme were confirmed

by two-dimensional paper chromatography. Besides PIN-G (PIN-4'-G

and PIN-5'•-C), PTN-diglucostde was detected on a paper chromatogram.
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     Section IV. Stability and Biological Activities of PIN-G

                           INTRODUCTION

. In the previous sections, it has been reported that PIN--G, PIN-

4'-G or PIN-5'-G, is synthesized from P!NL and glucosyl donors e.g.

sucrose, maltose or phenyl-a-D-glucoside by various microorganisms

                                                      .including bacteria, yeasts, molds and actinomycetes. Mtcroeoeeus sp.

No. 431, having the highest activity for PIN-G formation, accumulated

maxirnally 1800 to 1900 pg/ml of PIN-G (90-95"1. yie!d based on PIN added)

at 2 mglml of PrN. PiN-G-synthesizing enzyme was purified from iveero-

coccus sp. No. 431 to a homogeneous state. It was suggested that the

enzyne might be a glucosido-invertase (ct-glueostdase) which catalyzed

the transfer of glucosyl residue from sucrose to PrN to form PIN-G.

     '     However, the properties and bio!ogical acttvity of PIN-G have not

been investigated as yet. The present paper deseribes the stability

 of PIN-G against irradiatton of ultraviolet light and heating in

 comparison with that of PIN and P!N-borate complex. The microbiolo-

 gical activity of PIN-G is also examined in thts section. As to the

 investtgations on the transport of vitamin B6 into huTnan erythrocytes,

 yamada et az.13!'l33)have reported that free Eorms of vitamin B6 are

                                                              . actively transported into the erythrocytes against a concentration

 gradient, and.suzue et az.i34)have reported that pM-p is transported

 into cells without hydrolysis to PM. rt is of interest to note

 whether PrN-G is also transported tnto erythrocytes. :n this section,

 the cellular transport of PrN--'G with rabbit erythrocytes was investi-
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gated in vitro, comparing with that of PIN as a standard. The various

factors affectÅ}ng the transport of vitamtn B6 compounds were also

investigated,

                            EXPERIMENTAL

     MateriaZs. PIN-G was prepared from PIN and sucrose by intact

cells of Mic"ococcus sp. No. 431. A reaction mixture containing 2 g

of P!N, 5 g of sucrose, 35 mmoles of potassium phosphate buffer (pH

8.0) and 2.2 g (as dry wt.) of the intact cells in a total volume of

350 ml was incubated aerobically at 280C for 11 hr. After removal of

eells by centrÅ}fugation, the supernatant so!ution was adjusted to pH

2.0, and SO g of active charcoal was added, and stirred at room ternpe-

rature for 2 hr. Active charcoal collected by fi!tration was washed

with IOO ml of O.OIN HCI and 200 ml of deiontzed water, followed by

elution with amrnoniacal ethanol (99Vl. ethanol 50:287. amrnonia 5:water

4S, v!v). The eluate containing PrN and PIN-G was concentrated under

reduced pressure at 300C and subjected to Sephadex G-10 eolumn

chromatography (1 X 120 cm). PIN-G was e!uted with deionized water

at a flow rate of 7 ml per hr. The PIN-G fraetions were collected and

coneentrated under reduced pressure at 300C to about 5 ml and applted

to the preparative paper chromatography on Toyo filter paper No. 526

with a solvent system of n-butaRol:acetic acid:water (4:1:1, v/v).

A small amount of coneomttant PIN eould be removed from PIN-G tn this

proeedure• The fluorescent zone ef PIN-G (Rf = O.4) was cut eff and

extracted with deionized water. The extract was concentrated under
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reduced pressure and used in this section. The amount of P!N-G was

indicated as that of PIN moiety.

     The Alsevers-treated rabbit erythrocytes were purchased from

commercial sources. Other materials used in this work were commercial
                                                      "
products,

     Degradatton of vitcvnin B6 eo,npounds by uZtr'avaoZet irpadiation

and heating. Ultraviolet light by a sterilizing laTnp GL-15 (National

Electric Co., Ltd.) was irradiated directly upon 5 ml of a sample

solution in a test tube (1,5 X 11 cm) frorn a distance of abeut 30 em.

Five milliliters of the sample was repeatedly heated in a test tube

(1.6 X 160 cm) five tiJnes at 120eC and 15 lb for 1 hr in an autoclave.

     The degradation of vitamin B6 compounds was followed by measuring

the decrease in the absorbancy at 2S4 mp and 325 mu for PIN-G and PIN,

and at 295 mu for PIN-borate complex with a Shimazu multi-purpose

spectrophotometer model MPS+-50L.

     MierobioZogicaZ assay. Microbiologieal aetivity of vitamin B6

                                         135)was assayed by the method of Atkin et aZ.,                                             using Saccharomyces

ear'lsbe2ogensis 4228 ATCC 9080.

     Tvansport of vitamin B6 into rabbit erythr'ocytes. Experiments

                                                      131-133)were performed according to the method of Yarnada et aZ.

     2. PrepaTation of rabbit er'ythroeytes. The commercial rabbit

erythrocytes were washed three times at room temperature with an ice-

cold O.9"A salÅ}ne solution by centrifugation and resu$pension. The

fluffy layer of white blood cells was reuioved as much as posstble.

The packed cells were finally suspended in an equal volume of O.9Z
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saline solution, and equilibrated to the desired temperature in a

water bath for 10 min. Aliquots of this suspenston were used in the

expertment.

     2. fnezthation and anaZysts. The incubation mixture contained an

aliquot of the erythroeyte suspension having a hematocrit value of

O.50, 6 mM giucose and a suitable amount of vitamin B6 in total 5 rn1

of 1/ISM Krebs-RÅ}nger phosphate buffer (pH 7.4). The incubation was

carried out at 37eC for the indicated time intervals, After incuba-

tion, the cells were collected by centrifugation at 3,OOO rpm for 10

min, and washed three times with an ice-coZd O.9"rd saline solution,

The cells were then hemolyzed in 8 ml of 1!12N H2S04 to liberate

intracellular vitamin B6 compounds. The hemolyzate was hydrolyzed

at 120eC and i5 lb for 210 min in an autoclave, and was deproteinized

by addtng O.5 ml of 10Z sodium tungstate, The supernatant solution

was used for determining the total vitarnin B6 by microbioassay with

                                           l35)                                                 PIN-G could beSacchar'omyees cavZsbe"gensis 4228 ATCC 9080,

assayed as PZN aecording to this procedure.

     3. Pr,epatr,ation of ghosts rerythroeyte membTanes). According to

the method of post,i36) 2o mi of erythrocytes were washed three tirnes

with 70 ml of an ice-cold O.9Z saline solution at room temperature.

All the further procedures were carried out at 2eC. The cells were

packed tightly by centrifugation, and the supe;natant solution was

discarded. Sixty milliliters of distilled water was added to the

packed cells by forceful injection irom a syringe. The hemolyz4te

mixed by Å}nversÅ}on was centrifuged at l5,OOO x g for 30 min. The
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transparent dark red supernatant solution was carefully sucked

and discarded. The residue was suspended into 80 ml of 5 X 10-gM

histidine-imidazole buffer (pH 7.1), followed by centrifugation at

IS,OOO x g for 10 min, The treatment was repeated eight times until

the supernatant solution became colorless. A large volume of fluffy

pink precipitate, called ghosts, was separated by decantation and was

stored at pH 7,

     4. Petermtncttton of vitamin B6 eompounds adsorbed on ghost eeZZ6.

An appropriate amount of PIN or PIN-G was incubated with histidine-

imidazole buffer (histidine 7 umoles and imidazole 13 urnoles, pH 7.1),

S umoles of MgCl , 200 ymoles of NaCl, 200 vmoles of KCI, 4 pmoles of

adenosine triphosphate (ATP), and the ghosts in a final volume of 4.0

ml. The reaetion was earried out at 37eC for 60 min. After removal

of the ghosts by centrifugatÅ}on, the amounts ef PIN or PIN-G in the

supernatant fluid were determined by microbioassay. PrN-G was assayed

as PIN after hydrolysis to PIN and glucose by heating at 120"C and

15 lb for 210 min tn O.055N H2S04.

                             RESULTS

     StabiZity of PTAr-G against UZtravioZeÅ} Light

     The stability of PrN-G against ultraviolet light was investigated

in compartson'with that of PrN or P:N-borate. -PrN-G and PTN were

adjusted to pH 6.8 with NaOH. PIN-borate complex was prepared by

mixing PrN with borate buffer, pH 6.8, in'  a final concentration of

O.IM. Changes in absorption spectra of PrN-G, PrN, and PrN-borate
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IABLE :. CHANGES IN ULTRAVIOLET ABSORBANCY OF VITAMIN B6 COMPOUNDS

                        DVRING IRRADIATION

Irradiation       PIN-G
E2s4 mp E32s mv E 254 mp

PIN
E
 325 rnp

PrN-borate
 E  29S mu

 O hr
6

9

22

47

1.62 (100) 1.18 (100)

1.58 ( 98)

1.55 ( 96)

1.S2 ( 94)

1.47 ( 91)

1.02 ( 86)

O.97 ( 82)

O.81 ( 69)

O.64 ( 54)

 per eent

1.07 (iOO)

O.99 ( 93)

O,98 ( 92)

O.84 ( 79)

O.58 ( 54)

1.78 (100)

1.42 ( 80)

1.40 ( 79)

O.96 ( 54)

O.5S ( 31)

1.35

1.33

1.31

1.22

O.81

(100)

( 99)

( 97)

( 90)

( 60)

complex on irradiation of ultravielet light are shown in Fig. 1.

As shown in Table I, PIN-borate compiex is the most stable against

ultraviolet light, for 607. of the initial absorbancy at 295 mu remains

even after 47 hr of irradtation. The higher stability of PIN-G was

observed, 547. of the original absorbancy at 325 mu being retained

after 47 hr of irradiation. On the other hand, the absorbancy of PIN

decreased to 30"/. of the original.

     StczbiZity of PrAl-G against Heatang

     PIN and PIN-G neutralized to pH 6.8 with NaOH were heated five times

at 120eC and 15 lb for 1 hr in an autoclave, cooled, and followed by

standing in an ice box overnight. After centrifugation, the absorbancy

of the supernatant solution was measured. The resuit is shown in Table

II. About 90el. of the initial absorbancy of PIN-G was retained• PIN-

borate complex was not degraded at all, while P:N was decomposed to

abeut 80Z of the initial absorbancy.
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      Fig. 1. Changes in Absorption Spectra of PrN, PIN-G

           and PIN-borate Complex during Irradiation.

  The irradiation of ultraviolet light abas performed as deseribed

in the text. Ultraviolet absorption spectra were recorded on a

Shimazu multi-purpose spectrophotometer.
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TABLE Ir.

  Heating

bancy was

 CHANGES XN ULTR.AVIOLET ABSORBANCY OF VITAMIN B6 COMPOUNDS

                   BY HEATING

was performed as described in the text. Ultraviolet absor-

measured by a Shirnazu multi-purpose spectrophotometer.

compound Wave length
    Absorbancy
   Heating time

PIN-G

P:N

PrN-borate

        Åq7o)E 2S4 mv
        (o/e)E 325 mu
        (7o)E 254 mp
        (7e)E 325 rnv
        (Z)E 295 mv

l.62

1,18

O,77

1.40

1.03

(100)

(100)

(100)

(100) ,

(100)

1.61 ( 99)

1.06 ( 90)

O.67 ( 87)

1.IS ( 82)

1.10 (106)

     From these results, it seems that PZN-G is more stable than PrN

against Å}rradiation of ultraviolet light and heating.

     Effeet of Heating Tine on eydr,olysis of PfN-G

     PIN-G could be bioassayed as PIN, after hydrolysis to PrN and

glucose, by heating at 1200C and IS lb in O.OS5N H2S04• The effect of

heating time on hydrolysis of P!N-G was investigated. The result ts

shown in Fig. 2. Thirty-three per cent of PIN-G was hydrolyzed by

heating for 1 hr, and 100Z hydrolysis was achieved for 3 hr by the

heat treatuent.

     MierobioZogleaZ Aetivity of PIN-G fa? Sacchctremyces cavZsbergensis

4228 ATCC 9080

     As shown Å}n Fig. 3, PIN-G showed about 20Z of microbiological
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   The growth of S. cc rZsbergensis 4228 ATCC 9080 on

medÅ}um containing each hydrolyzed sample (PrN-G 30.4

measured from optical density at 610 mv after 23 hr

           Fig.
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3. MicrobÅ}ological Activity of PIN-G.

  acttvity was assayed as described in
at 610 mv was measured after each tiTne

figure.
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 text.

Å}ncubation
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 activity of equivalent mole of PIN after tncubation for 24 hr. The

 mÅ}crobiological activity of PIN-G was increased with the prolonged

 incubation and reaehed to above 50Z of aetivity of equivalent mole

 of PIN.

     Transport of PLTAJ-G into Rabbit Ebeythrocytes

     Effect of incubataon tine on the transport of PllV and PIN-G into

ery throcy tes

     The eells were incubated with S ug ef PrN and PIN-G for 10, 30

and 60 min under the eonditions described in the EXPERIMENTAL. The

results are given in Table III. The amount of vitamin B6 in the

TABLE !II. EFFECT OF ZNCUBATION TIME ON THEi TRA]SfSPORT OF PIN AiND

                     PXN-G rNTO ERYTHROCYTES

  Erythrocytes (O.8 ml of cell suspension) were ineubated at 37eC for

indicated time Å}ntervals in 1/15M phosphate buffer (pH 7.4) containing

6 mM glucose and S pg of PIN or PIN-G.

substrate added ZnCUbatiOn Vitamin B6 concentration concentration
                   time in cells in medium ratio

PIN

PIN -G

mtn

IQ

30

60

10

30

60

mpglmZ

 1150

 1840

 2420

  26S

  36S

  38S

mpglml

 987

 927 .
 877

1060

1060

10SO

ee Z Z/medi tan

    1.2

    2.0

    2.8

    O.3

    O,3

   O.4
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erythrocytes incorporated was increased with incubation time. The

concentration ratio of intracellular PrN to extracellular PrN was

2.8 after 60 mtn. However, the amount of transported PIN-G was

about 20Z of that of transported PrN.

     Effeet of eoneentTations of PTN and PXIV-C on the t?ansport into

ery throcy tes

     The cells were incubated with 1 to 20 pg of PIN and PrN--G for

60 min. As shown in Fig. 4, the arnount of intracellular vitamin B6

            :
            g
            ee 6
            v
             o            m
            a            'g
            g4
            .:

            tG
            1
            :2
            s
            kca
            e
            H

                       S 10 15 20
                        PrN or PIN-G added (pg)

        Fig. 4. Effect of Concentrations of PrN and P!N-G

                on the Transport into Erythrocytes.

          Erythrocytes (2.0 ml of eellssuspension) were

        incubated at 370C for 60 min in 1/15M phosphate

        buffer (pH 7.4) contiaining 6 TnM glucose and various

        concentrations of PIN or P!N-G

        -(År---PIN, +PIN-G
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      FÅ}g. S. Effect of IneubatÅ}on Temperature on the

        Transport of PrN and PIN-G into Erythrocytes.

        Erythrocytes (1,2 ml of cell suspension) were

      incubated at various temperature in lllSM phosphate
      buffer (pH 7.4) containing 6 uut glucose and 1 ug

      of PIN or PrN-G.

      +PrN, +PIN--G

was inareased proportienately to that of PrN or PIN-G added. However,

the amount of intracellular vitamtn B6 transported from PIN-G was very

small, as compared with that from PIN. Vhe result suggests that a

barrÅ}er may be present for the transport ef PXN-G.

     Effect of ineubation tenrperatza,e on the t?ansport of P17V and

PIN-G into erythroeytes

     The cells were incubated with i ug of PZN or P]N-G at different

temperature. The result is shown in Fig. S. Neither P:N ner PIN-G
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TABLE IV. EFFECT OF GLYCOLYTIC rNHIBITORS ON THE TR.ANSPORT OF PIN

                       PIN-G INTO ERYTHROCYTES

  Erythrocytes (2.0 ml of cell suspension) were incubated at 370C

60 min in 1115M phosphate buffer (pH 7.4) eontaining 6 m)( glucose

1 pg of PIN or PIN-G.

 AND

for

and

lnh ib itor Concentration Intracellular
 vitarnin B6

PIN

PIN-G

None

NaF

CH2ICOOH

None

NaF

CH2ICOOH

s x lo-3 M

  ll

sx io-3 M
  lt

611 mpg/ml

500

S28

 86

 54

 55

was incorporated into the eelis at 50C. But, the incerporation of

                                                'vitamin B6 was accelerated at 280C and 37ec.

     Effeet of gZycoZytic inhibitors on the transpoTt of PIN and PIAI-G

into erythroeytes.

     Sodtum fluoride and monoiodoacetate are known as glycolytic

inhibitors whtch depress the active transport. Effect of sodiun

                                              ,fluoride or monoiodoacetate (5 x 10-3M) on the transport of PrN and

PIN-G is shown in Table :V, The ineorporation of PIN and PZN-G was

                                      .iaÅ}rly inhÅ}bÅ}ted in the presence of the inhibitors. This result would

suggest that the transport oE PIN and PrN-G might be dependent upon

                                           'the energy supplying systern.

     Effeet of ATP and gZueose on the trcxnsport of P.Z7N-C into erythr}o-

                                  -8S-



 ey tes

     As shown in Table V, the transport of PIN-G was evidently

 enhanced by the addition of glucose or ATP. This result leads to

 the suggestion that the transport of PIN-G may be related to the

energy supplying system.

     Adsorption of PrlV and PfV-G on ghost ceZZs

     From the results described above, it was shown that PXN and

PZN-G was found in erythrocytes after incubatton. But tt should be

noted whether these vitamin B6 compounds are really transported through

erythrocyte rnembranes or merely combined or adsorbed en membranes

(ghost cells). The author examined to clarify whether PIN and P!N-G

were combined to ghost eells. As shown in Table VI, the vitamin

B6 compounds are not eombined te ghest eells, but remain uncharged in

        TABLE V. EFFECT OF ATP AND GLUCOSE ON THE [!rRANSPORT

                    OF PIN-G rNTO ERYTHROCYTES

  Erythrocytes (1.5 ml of cell suspension) was Å}ncubated at 370C for

60 min in lllSM phosphate buffer (pH 7.4) eontaining 6 mM glucose, 20

umoles of ATP and 5 pg of PIN-G.

'

Addition Zntracellular
 vitamin B6

  None

+ Glucose

+ ATP

+ Clucose, + ATP

 84 mpg/ml

 99

132

144
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TABLE VI. ADSORPTION OF PIN AND PIN-G ON GHOST CELLS

The ghost cells (prepared from 0.75 ml of erythrocytes) were incu

bated at 37°C for 60 min with PIN or PIN-G under the conditions

described in the EXPERIMENTAL.

Concentration Incubation
0 min 60 min

PIN 40 mug 41.3 mug 40.2 mug

80 " 81.5 " 83.6 "
PIN-G 50 " 51.7 " 51.7 "

100 " 100.0 " 98.7 "

the medium. Therefore, it seems to be concluded that a large part of

PIN and PIN-G incubated with rabbit erythrocytes was actively trans-

ported into the cytoplasm.

Retention of PIN and PIN-G ~n the erythrocytes

After incubation at 37°C for 60 min with various concentrations

of PIN and PIN-G, the cells were separated from the suspending medium

by centrifugation and washed three times with a 0.9% saline solution.

The result is shown in Table VII. A great part of PIN and PIN-G in

the first washing is considered to be the contamination of the medium.

The amount of PIN and PIN-G eluted in the second and third washings is

smaller than the intracellular vitamin BS' showing the retention of

PIN and PIN-G in the erythrocytes.
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     TABLE VII. RETENTION OF P!N AND PIN-G IN THE ERYTHROCYTES

  Erythrocytes Åq2.0 ml of cell suspension) were incubated at 370C for

60 min in 1115M phosphate buffer (pH 7,4) containing 6 mM glucose and

the indicated amounts of PIN or PXNd-G. After incubation, the cells

were separated by centrifugatÅ}on and washed three times with 5 ml of

an ice-cold O.9Z saline solution.

Added amount   in Washings
lst 2nd 3rd tn Erythrocytes

PrN

PrN-G

 1 vg

5

10

1

5

10

 118

 354

1320

 158

 410

 451

 99

199

682

 31

111

260

 67 mpg

171

251

 IS

 8!

 76

 610 mvg

3040

3890

 172

 319

 403

                            DISCUSSION

     It has been reported that the dipolar form of PrN in a neutral

soiution is very labile to heat and iight.l37'138) on the other hand,

                                                  113)?IN--borate complex is reperted to be thermostable.                                                        It seems that

the stability of PIN--borate complex depends on the monopolar form in

which 3' and 4' positions of PIN are masked by borate. It was also

reported that 4' or 5' position of PrN was first attacked by photooxt-

dation138)and that by heating at i2ooc for 3o min in a neutral selu-

                                 Z39)tion, P:N formed dimer or polymer,                                      tn which 4' hydroxynethyl group

ef PIN was eombined to nitrogen atom of 1' posÅ}tion of another PIN. In

PZN-G, the dipolar form ls matntained, but 4' or S' posttton of PrN is
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 masked by glucosyl residue, The higher stability of PrN-G seems to

 be based on that 4' or 5' position of PIN is masked by glucosyl residue.

     PIN-G served as vitamin B6 (PIN) vitamer, which showed 20Z of

microbiological activity of equivalent mole of PXN for S. carZsber-

gensis 4228 ATCC 9080. However, the aetivity of PIN-G was gradually

 increased aceompanied with the prolonged incubation.

     It was suggested that PIN-G was hydrolyzed to PIN and glucose

by ct-glucosidase of 5. cczrTlsbergensis 4228 ATCC 9080 and then functioned

as PrN.

     The cellular transport of vitamin B6 compounds has been investi-

gated by yamada et az.i3i-i33) and suzue et az.i34) with human erythro-

               ,cytes. Yamada et aZ. reported that free forms of vitamin B6 were

aetively transported into the cells, while their phosphate esters

were hardly transported. They also reported that PAL was rnost rapidly

and abundantly transported inte the erythrocytes. Suzue et aZ. found

eut that PAL-P was also incorporated into red blood cells without

being hydrolyzed.

     As described in this paper, PIN and PIN-G were transported into

rabbit erythrocytes. The concentration of intracellular vitarain B6

Å}ncorporated was 2.8 times as high as that found in the medium of PZN,

and O.4 times in the medium of PrN-G• The eellular transport of PIN

and PrN-G was increased with the ineubation time and the eoneentratien

of them added. At low temperature (50C), the transfer of PIN and PIN•-G

into the cells was remarkably depressed, Sodium fluoride and mono-

iodoacetate eonsiderably inhibited the transport of PrN and PXN-G.
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 By the addition of ATP and glucose, the transport of PIN--G was accele-

 rated. All these results suggest that both of PIN and PrN-G are

 actively transported through erythrocyte membranes. No PIN and PIN-G

 was combined to ghost cells, which would show that these vitamins were

 truly incorporated into erythroeytes. A small amount of PIN and PIN-G

 was leaked out from the cells into saline washings, but a great part

 of them kTere retained in the cells. This result also supports the

 above suggestion. However, the amount of PIN-G transported was about

 10-207. of that of equal mole of PIN. This is probably due to the

 existence of a permeability barrier for PIN-G. It remains to be

investigated whether PIN-G is incorporated directly into the cells or

it ts Å}neorporated in the form of PIN after PIN-G is degraded by a

membrane a-glueosidase.

                               SUMtVIARY

     PIN-G was found to be as stable as PrN-borate complex against

irradiation of ultraviolet light and heating, while P!N was less

stable.

     Zntact PIN-G showed about 20Z of microbiological activity of

equivalent mole of PIN for Saeeharomyee$ ea?Zsbergensis 4228 ATCC

9080. The aetivity was gradually increased accompanied with the

prolonged incubation. It seems that PIN--G is hydrolyzed to PrN and

glucose by a-g:ucosidase of the organtsm and can be bioassayed as PXN,

Hydrolysis of PIN-G by heating in O.OSSN H2S04 yielded PIN quantita-

tively.
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     PIN and PrN-G are transported into rabbit erythrocytes in vttro•

The amounts of vitarnin B6 compounds transported into the erythroeytes

were bioassayed with Sacehar7omyces earZsbergensts 42' 28 ATCC 9080 after

hydrolyzing thern to free forms of vitamin B6 by heating for 210 min

in 1112N H2SOk. The transport of PIN and PIN-G was affected by incu-

bation time, incubation temperature and concentration of PIN and PZN-G

added. The transport of P!N-G increased with the coexistense of ATP

or glucose. The transport o[ PIN and PIN-G was decreased by the addi-

tion of sodium fluoride or monoiodoaeetate. The adsorption of PrN and

PIN-G on ghost cells was not found. Small amounts of transported PIN

and PIN-G were leaked out by washings, indieating that large parts of

them were retained in the erythrocytes.
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       Chapter II. Microbia] Formation of a New Derivative of

            Pantothenic Acid: Pantothenic Acid-a-Glucoside

                             INTRODUCTION

      PaA was first recognized from natural sources with the aid of a

microbiological assay employing the GebrUder Mayer strain of yeast

saechavomyces cerevistae. growing in a synthetic medium.i40) The

compound also showed the biological aetivity for chicks, designated

as a "filtrate factor" or a "chick antidermatitis factor". Jukes141)

                  142)and Wooley et al.                       in 1939 simultaneously announced that PaA,

isolated Å}n pure fonn from 1Å}ver by wtlltams et az,,143) and the

filtrate factor were apparently identical. Lipmann and coworkers144)

           .demonstrated that coenzyne A eontained a bound PaA which could be

released tiffectively by the combined actions of a !iver enzyme and

                       14S)alkaltne phosphatases.

     PaA is widely distributed in animals, plants and mtcroorganisms

as a compenent of coenzyme A. However, other complexes derived from

coenzyme A, as well as phosphorylated forrns or' both PaA and pantethine,

                                             146,147)have also been demonstrated to occur widely.                                                       Many workers
have investigated the biosynthetic148'149)and degradativelSO-153)meta-

boltsms of PaA; A large nurnber of derivatives of PaA except metabolites

described above, have been found in nature96'97)and have aiso been

chemieauy synthesized.154-157) Recentiy a B-giucoside of paA was

iso!ated from tomato juice as a growth factor for malo-lactic fermen-

                                      86-88)tation bacteria in wÅ}ne fermentation.                                              However, an a-glucoside
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of PaA has not been synthesized chemically and biologically.

     The present chapter describes the microbial formation of the

glucoside of D-PaA. A considerable amount of a-glucoside of D-PaA was

formed by intact cells of SporoboZomyces eoraZZiformis rFO 1032, when

incubated with maltose and D-PaA. The isolation and identiftcation

of the compound is presented.

                              EXPERIMENTAL

     MateriaZs. DEAE-Cellulose was kindly given by the Green Cross Co.,

Osaka. Cellulase (Type r!, from AspergtZZus ntgep), B-glucosidase

(from almonds), maltase (Grade rl, from A. ntger,) were purchased from

Sigrna Chem. Co., and ct-glucosidase (from yeast) was from Boehringer

Mannheim Japan K,K. Takadiastase B was purchased from Sankyo Co., Ltd.

Other chernicals used in this work were obtained from commercial sources.

     Mieroorganisms and cuZtivation. Yeasts preserved in the Laboratory

of PhysÅ}ology of Fermentation and Applied Microbiology, Department of

Agricultural Chernistry, Kyoto University were used for a screening.

All strains used were preserved on a nutrtent agar slant by a monthly

transfer at Sec.

                                          .     Yeasts were grown on a medium composed of 5Z glueose, O.5Z peptone,

O.5Z yeast extract, O.57. K2HPOg, O•2Z KH2P04, and O.02Z MgS04'7H20,

adjusted to pH 6.0. The cultivation was carried out at 280C for 48 hr

on a reciprocal shaker with SO ml of the rnedium in a 300 ml shaking

flask. After cultivation, the cells were harvested by eentrifugation

at 5000 rpm, and washed once with O.9Z saline solution, The washed
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cells were suspended in 2-5 ml of O.OIM potassiuJn phosphate buffer

 (pH 7.0) containing 5 x 10'3M 2-mercaptoethanol and subjected to the

     .reaction.

     Reaetion eondittons. The standard reaction rnixture eontained

SO umoles of D-PaA, 100 pmoles of maltose or cellobiose, 100 vmoles

of potassium phosphate buffer (pH 7.0), 3 umples of 2-mercaptoethanol,

a final eoncentration of O.IZ of Span 80, and O.5 rn1 of tntact cell

suspension in a total volume of 1.5 ml. The incubation was performed

at 280C for 24 hr aerobically, Glucose was used as a blank in place

of maltose or cellobiose. The reaction was stopped by iimnerslng a

tube in a boiling water bath for S min, After eooling the reaction

mixture in an ice bath, the cells were removed by centrifugation and

                           .the supernatant fluid was assayed for a derivative of D-PaA.

     AuaZyses. PaA was bioassayed by the paper disc method using

                                           93,158)Saechctromyees earZsbergensis 4228 ATCC 9080.                                                    PaA glucoside

was identified as follows. A suitable amount of reaction ntxture

(20-50 pl) was spotted on Toyo filter paper No. 53 (2 crn width) and

developed with a solvent system of n-butanol:acetic acid:water (4:1:1,

v/v). After development, the dried paper strip was cut off in O.5 cm

widths frem the 2 cm width and subjected to bioautography by S. earZs-

                        93,158)                              and LactobaeiZZus pZantamnn ATCC 8014•bergensis 4228 ATCC 9080

94,158,159)             An appropriate amount of Takadiastase B or mold maltase

selution (4 mg!ml of O.OIM acetate buffer, pH 5.0) was daubed on a

paper strip with a pipette after it was placed on a cuZture plate in

order to get a clearer active zone of PaA-a-G with a maltose-PaA

                               -94-



 medium, An appropriate amount of cellulase (2 mg!ml of O.Oll( acetate

 buffer, pH 5.0) was sirnilarly used for the detectton of Palt--B-G with

 a cellebtose-PaA medium.

     Paper chromatography of PaA-G and its aeid-hydrolyzate was carried

out on Toyo filter paper No. 53 with the solvent systems as Eollows;

n-butanol:acetie acid:water (4:1:1, v/v), n-propanol:28Z ammonia:water

 (6:3:1, vlv), n-butanol:benzene:pyridine:water (5;1:3:3, vlv, upper

layer) and isopropanol:pyridine:water:acetic acid (8:8:4:1, v/v).

The PaA moiety was confirmed by bioautography and the glucose moiety

was detennined by the color development wtth the silver nitrate reagentl09)

     Giueose was determined by the glucostat methodlll)and reducing

sugar was estimated by the somogyi-Nelson method.112)

     The reaetion by several glucosidases was carried out en a reaction

mixture containing 2.6 umoles of PaA-G, 10 umoles of 2-mercaptoethanol,

50 pmoles of buffer and an appropriate arnount of enzyme in a total

volume of l.O ml. The reaction was carried out at 370C for 3 hr.

Phosphate buffer (pH 7.0) was used in the incubation with yeast a-

glucosidase and acetate buffer (pH 5.0) in that with mold maltase,

B-glucosidase and cellulase. The reaction mixture was submttted to

bioautographie and paper-chromatographic analyses for PaA and glucose

as descrtbed above.

     Measurement of IR and NMR speet?a. IR speetrum of PaA-G was

measured tn a micro KBr tablet with a Hitachi infrared spectrometer

                                         'type EPI-G3. mx spectrum was measured in D20 on a Varian HA-100D

spectrometer at 100 MHz with DSS-D6 as an internal standard.
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               • RESULTS
     PaA-G Forvnation by Yeasts

     PaA-G-forming activity was checked wÅ}th yeasts. Maltose was used

for PaA-a-G formatton and cellobiose was used for PaA-B-G formation.

Glucose was also used in place of maltose or cellobiose as a blank.

A eonsiderable amount of ct-glucoside of PaA was found in the reaetion

mixture of some strains of yeasts belonging to Sacchctr7omyces, and

SporoboZomyces coraZ.Ziforvnis (Table I), S. cor,aZZiformas XFO 1032

seemed to have the highest activity for PaA-ct-G formation. A B-gluco-

side was scarcely detected in all strains, No derivative was found

with a glucose medÅ}um, as shown in Fig. 1. Thus, S, cor}aZZiforenis

ZFO i032 was selected and used as the PaA-a-G-forming strain in the

following experiment. The forTnation of.PaA-a-G at 48 hr of ineubation

was larger than at 24 hr of incubation.

                1.0

                                           b'

              g/osO B-"io'nzne

                   z u rn au.t.h.epnit.iC

               Fig. 1. Bioautogram of PaA-G.

Solvent systen: n--butanol:acetÅ}c acid:water (4:
Z. rnaltose medÅ}un, ZZ. cellobtos'e medium, ZZr.

                           -96-

1:1, v/v)
glucose medium



l

     TABLE I. DISTRIBUTION OF

  Intact cells of yeasts were
bed in the EXPERIIy[ENTAL. The

hr aerobically.

PaA-G-FORMrNG ACTXVITY IN YEASTS

incubated in the reaction mixture

incubation was performed at 28ec
 descri-

for 24

Strains PaA-a-G formed PaA.-- B-G formed

Saecharomyces
ts

rl

tt

n

tt

n

rr

tt

tt

tt

lt

n

Bass Bier Hefe

Kagawakenshi

Fukumoto 3 AKU

Beer yeast (Nippen)

Brennerei Hefe
qporoboZornyces

      tt

      n
      n

      11

      tt

      tl

 cerevisiae AKU 4100

     rt AKu 4103
 deZbr,ueckii IFO 0285

 earZsbergensis IFO 0641

 roztxii ]AM 4369

 sake Kyokai No. 7 AKU 4111

 bqyanus rFO 0206

 sake Fukumusume AKU 4017

routrii ZFO 0686

 cerevisiae AKU 4104

sake Unryu AKU 4019

  " Shokkomasamune AKU 4015

  " Hozan AKU 4013
  (Burton on Trent No. 1)
                     AKU 4002

(Shoyu) AKU 4033

 4034
      AKU 4038

 Rasse 12 AKU 40XO
 saZmonieoZoi- !FO 0374

       n rFo 037S
 coprophiZus rFO 1422

 co?aZZifonnis :FO 1032

 par,ar2oseus rFO II03 ,
 saZmonieoZor rFO 1038
 odolous XFo 103S

 -
-

-
 +

 -

 :

 +

-
 .

 -

 -

-
 -

-

-

-

-
Å}

-

:

-

Å}

'

.
Å}

-

-

-; good, +; faÅ}r , Å}; sltght, -; nil.
  -97-



     J6oZation of PaA-ct-G

     For the purpose of good formation oE PaA-a-G-synthesizing enzyTne,

S. ce"aZZifomais was grown on a maltose medium with 500 ml of the

medium in a 2 liter shaking flask. The cultivation was earried out

at 280C for 48 hr on a reeiprocal shaker` The cells were collected

by continuous centrifugation at 5000 rpm, washed once with O.9% saline

solutiop and suspended in the same solution. Twenty-one grams (cal-

culated as dried cells) of intact cells of the organism were incubated

with'40 g of maltose, 4 g of D-PaA, 8 mmoles of potassium phosphate

buffer (pH 7.0), and O.4 g of cetyltrimethyl ammonium bromide (surfac-

tant) in a total volume of 400 ml. The reaction was carried out

aerobically at 28"C for 40 hr on a 2 liter shaking flask. The reaction

was stopped by irnmersing the incubation flask (adjusted to pH 7.0) in

             .boiling water for 5 min, and the cells were removed by eentrifugation

at 10,OOO rpm for 20 min. Isolation of a product was made from the

supernatant solution as a starting material. The supernatant solution

was adjusted to pH 4.0 and left at 4eC overnight. Any materiaZ preci-

pitating was removed by filtration. Active charcoal (60 g) was added

to the filtrate, followed by stirrtng for 1 hr. Then, the charcoal

was collected by filtratton, washed with O.OIN HCI and deionized water

and eluted with five volumes of acetone and an equal volume of 50Z

aeetone. The eluate was concentrated by evaporation in vaeuo. The

concentrated solution was submitted to paper chromatography with Toyo

filter paper No. 526 in a solvent system of n-butanol:acetic aeid:water

C4:1:1, vlv), fellowed by bioautegraphy with Saechar,emyees carZsber-
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 gensis 4228 ATCc 9080.

      Two different bioactive zones were detected, one of whÅ}eh with a

 higher Rf value was identical to D-PaA. The other bioactive zone with

 a Rf of O.S, was cut off and extracted with 50% ethanol. The extract

was concentrated in vaeuo and desalted with Amberlite CG-50 (H+ type).

The concentrated effluent was applied to a Sephadex G--10 column (i X

105 cm), and eluted with water. The active fractions were adsorbed on

a DEAE-cellulose column (OH type), and eluted with O,02M LiCl. The

eluted fraction was desalted again with Arnberlite CG-50 (H+ type),

and adjusted to pH 5.0 with HCI. Saturated Ba(OH)2 solution was added

to the fraction until the pH became to 7.0-7.2. Excess Ba(OH)2 was

removed repeatedly by concentration and filtration. The completely

dried Ba-salt of the compound was dissolved in methanol, followed by

adding ether. A resultant fluffy precipitate was collected and

dissolved in water, and subjected to paper chromatography in the solvent

system as described above. The active zone was extracted with 507.

ethanol, and the extract was evaporated, lyophilized and dried in

vaeuo on P20s and KOH. The lyophilized pewder (yield 21.9 mg) was used

for the eharacterization.

     Identifieation of the Compound

     The Rf values of the tsolated eompound on bioautography in several
            '
solvent systems were examined, comparing with known metabolites of .PaA.

The result is shown in Table IZ. The Rf values of the isolated compound

differed from PaA, B-alanine and phospho-PaA. Pantenol, pantethine

and pantoyZ lactone had no biological response for Saecharomyces
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earZsbergensts 4228 ATCC 9080. The compound was also responsible for

LactobaciZZus pZantar'imT ATCC 8014. The organism utilizes PaA, phospho-

PaA, and panthethine, but not pantenol, B-alanine and pantoyl lactone.

The activity for both strains increased with the prolonged incubation.

It seems that the compound is hydrolyzed to D-PaA and glucose by a-

glucosidases of S. carZsbergensts and L. pZantarwn and can be bioassayed

as PaA. '
     The isolated compound had no reducing activity for Somogyi-Nelson

reagentll2). However, on hydrolysis in O.055N H2S04 at 120eC and IS

lb for 3 hr, or on treatment with yeast a-glucosidase at 300C and pH

TAIBLE II. Rf VALUES FROM BIOAUTOGR.APHY

Compounds
r r:

Solvent
  :rr IV v

Isolated compound

D-PaA

B-Alanine
4''Phospho-paA160)

Panthenol

Pantethine

Pantoyl lactone

.49 .36

.76 .50

.29 .13

.45 .19
no response

no response

no response

.63

.76

.54

.28

.S2

,85

.39

,40

.48

.69

.62

.38

Solvent system:

  r. n-butanol:acetic acid:water C4:1:1, vlv)

 U. n-butanol:pyridine:water C6:4:3, vlv)

rll. n-propanol:28Z ammonia:water (6:3:1, vlv)

 :V. n-butanol:ethanol:water (5:1:4, vlv, upper layer)

  V. tsobutyric acid:O.5N ammonia:O.IM EDTA (100:80:1.6, vlv)
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     TABLE XII. IDENTIFICATION OF PaA AND GLUCOSE MOIETIES OF

                        THE rSOLATED COMPOUND

  The PaA moiety was confirmed by bioautography usÅ}ng S, cax'Zsb.ergen-

sals 4228 ATCC 9080 and the glucose moiety was identified by the color
development with the silver nitrate reagent.109)

Compounds
I

 Solvent
II III IV

rsolated compound

Acid hydrolyzate*

EnzyTnatic hydrolyzate*Å}

PaA

B-Alanine

Glueose

Maltose

.46

.80

.80

.79

.32

-

Rf values

.S8 .24

.76 .33

.73 .31

.7S -

.S5 -
 - .33
 - .22

.

.

.

.

.

73

57

55

-

-

57

49

       * hydrelyzed in O.OS5N H2S04 at 1200C and 15 lb for 3 hr.

      ** hydrolyzed by yeast a-glucosidase.

      Solvent system:
        Z. n-butanol:acettc acid:water (4:1:1, v/v)

       II. n-propanol:28Z amrnonia:water (6:3:1, vlv)

      III. n-butanol:benzene:pyridine:water (5:1:3:3, v!v, upper layer)

       IV. isopropanol:pyridine:water:acetic acid (8:8:4:1, v/v)

7.0, the isoiated eompound gave two components corresponding to glucose

and PaA. The identifiÅëation of the components by paper chromatography

and bioautography is shown in Table r:r. The molar ratio of glucose

and PaA was deterrnined to be 1:1 by the gl'ucostat method and bioassay

(Table !V). Enzyraatic hydrolysis of the isolated compound by various
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TABLE IV, MOLAR RATIO OF PaA AND GLUCOSE

PaA found
(mvmo1e)

Glucose found
             Molar ratio  (mvmole)

Micrebioassay by paper disc
method* (S. capZsbergensis)

Glucostat methodk

195

211

1.00

1.08

 *) The isolated compound was hydroiyzed at 370C overnight by yeast

   a-glucosidase.

Reducing activity of the compeund was not found by Somogyi-Nelson

glueosidases was Å}nvestigated. Figure 2 shows that the compound is

hydrolyzed to glucose and PaA by yeast a-glucosidase and mold maltase,

but not by cellulase and B•-glucesidase. The data suggest that glucose

and PaA are bound through an a-glucosidie linkage in the isolated

eompound, that is, the eompound is ct-glucopyranesyl-D-PaA. The IR

spectrum Qf the compound showed that the compound contained PaA (chela-

ting with Ba2+) and sugar moiety (Fig, 3), The mx spectrum of the

compound is shown in Fig. 4. The signals shows the presence of two

methyl groups (C-3', 6 O.98 and O.99 ppm, 6H, single), a methylene

group (C-2, 6 2.42 ppm, 2H, triplet, J'--13 Hz), a methylene group (C-3,

6 3.45 ppm, 2H, triplet, g'=11.5 Hz), a methylene group of C-4' and ring

protons of the sugar moiety (6 3.55-3.90 ppm, multipie), a methyne

group (C-2', 6 4.l2 pprn, IH, single), and one anomeric proton of the

a-glucosidic linkage (6 4.89 ppm, IH, deublet, j=3.5 Hz). The compa-

rison of this speetrum with that of authentic PaA suggests that a PaA
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Solvent I
   LO

-
=
-coO.5
År

s[t

a b e d e Authentic
Solvent II

m:
go.s

i{i'

a b c d e Authentic

       Fig. 2. Enzymatic Hydrolysis of the Zsolated

                 CompOund by Glucosidases.

  The PaA.moiety was conftrmed by bioautography and the
glucose moiety was determined by the color development with
the silver nitrate reagent.

Sorvent system:
 I. n-butanol:acetic acid:water (4:l:1, v/v)
Il. n-butanol:benzene:pyridine:water (S:1:3:3, v!v)

a. mold maltase
b. yeast ct-glucosidase
e. B-glucosidase (emulsin) •
d. cellulase
e. isolated compound

-103-



2.5~ 3 4 5 6 7 8 9 10 15 20 25
100
~

~
'-'

~
u
p

~ 50
~

~s
00
~m
~

~

4000 3000 2000 1800 1600 1400 1200 1000 800 600 400
Wave number (em-I)

Fig. 3. IR Spectrum of the Isolated Compound

(Micro KBr Tablet)

The spectrum was recorded on a Hitachi infrared spectrometer

type EPI-03 in "a micro KBr tablet.

moiety is contained in this compound. The ratio of the numbers of

protons attributed to owo methyl groups in PaA moiety and glucose

residue is approximately 1:1. The proposed structures of the isolated

compound are shown in Fig. 5. Comparing the methyne signal (0 4.12

ppm) of the proposed a-D-g1ucopyranosyl-D-PaA with that of 2'-0-(B-

D-glucopyranosyl)-D-PaA and that of 4'-0-(B-D-g1ucopyranosyl)-D-PaA

which were reported by Amachi et aZ.~ 86-88) it is suggested that the

glucosidic linkage of the compound may be present at C-4' position.

From the results described above, it is concluded that the isolated

compound is possibly 4'-O-(a-D-glucopyranosyl)-D-PaA.
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   and ring
   of glucose

       tk    -CH2-
     m

   *-CH2 --

                                                   6 ppm
Fig. 4. NMR Spectrum of the Isolated Compound. L

spectrum was recoTded on a Varian HA-100D spectrometer
 MHz in D20 with DSS-D6 as an internal standard.

      CH,OH

             HI
                   ftk* ***      OH  H'o -CH2C (CH,) ,CH (OH) CONH CH,cH,cooH

          OH

 4'-O-(a-D-glucopyranosyl)-D-pantothenic acid

   L cH,OH
                         ***          Q HI C(CH,),CH,OH
     OH                 H
 HO                      t* t         oH • CONHCH,CH,CooH

2'-O-(a-D-glucopyranosyl)-D-pantothenÅ}c acid

 Proposed Structures for ct-Glucosyl-D-pantothenic Aetd.
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PIN-G, the first sugar derivative of PIN to be recognized,

DISCUSSION

PaA-S-G has recently been isolated from tomato juice as a growth

factor of malo-lactic fermentation bacteria in wine fermentation. 86 - 88 )

In this chapter. the author has first described the formation of PaA-

a-G, a new sugar derivative of PaA, by yeast Sporobolomyces coralli-

fOPmis IFO 1032.

Many sugar derivatives of vitamins have been isolated from nature,

and synthesized by enzymatic and chemical methods. Since riboflavinyl

a-gl~coside has been- found in rat liver by Whitby in 1950,73) the

formation of various riboflavinylglycosides containing glucoside,

galactoside, fructoside and oligosaccharides is reported in microorga-

i 1 d · 1 b . . 74-81,83) An sms, p ants, an an~ma s y many ~nvest~gators. sugar

derivative of ascorbic acid has been prepared enzymatically by Miyake

t l 84)ea.

has been isolated by Ogata et al. 68 ) from bacterial cultures during

investigations on the metabolism of vitamin B6 by microorganisms.

Microbial distribution of PIN-G-forrning activity, purification and

properties of the PIN-G-synthesizing enzyme of Micrococcus sp. No. 431

and some physico-chemical and biological properties of PIN-G were

investigated in detail by the author in the preceding chapter.

In a preliminary experiment op microbial formation of PaA-G, the

author examined the distribution of PaA-G-forming activity in micro-

organisms under cultural conditions. The cultivations were performed

on a PaA-maltose medium and a PaA-cellobiose medium in expect of the

formation of PaA-a-G and PaA-S-G in the respective media. Very few
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organisms produced an appreciable amount of PaA-S-G in the PaA-cello

biose medium, but some strains of yeast accumulated a considerable

amount of PaA-a-G in the PaA-maltose medium. Spo~oboZomyces coraZli

formis IFO 1032 had a relatively high activity for the formation of

PaA-a-G among those tested. It was also found that a large amount

of PaA-a-G was formed when PaA and maltose were incubated with intact

cells of S. coralliformis grown on a maltose medium. Therefore, the

large scale reaction with the intact cells was carried out to isolate

and identify PaA-a-G for the simplicity of reaction system.

The author isolated a new compound from a reaction mixture of

the organism by the treatment with active charcoal, Amberlite CG-50,

Sephadex G-lO and DEAE-cellulose column chromatography and paper

chromatography. The compound was characterized as a-glucopyranosyl

D-PaA. It was suggested that the glucosidic linkage of the compound

might be present at C'-4 from NMR spectrum and the facillity of reac

tivity of C'-2 or C'-4 alcoholic groups. The compound showed the

slight microbiological activity for Saccharomyces carlsbergensis and

Lactobacillus pZantarum. The activity increased with the incubation

period. It seemed that the compound might be gradually hydrolyzed

by a-glucosidases of these strains and could be utilized as PaA.

The transglucosidation seems to be catalyzed by a-glucosidase, react

ing on maltose. However, Micrococcus and Sarcina, having the high

activity of PIN-G formation did not form the compound. These a-gluco

siaases differ from each other on the substrate specificity for

glucosyl acceptor.
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                              SUMMARY

     The forrnatton of PaA-G was ehecked with intact cells of yeasts.

PaA-B•-G-forrning activity wa's scarcely found, but PaA-a-G-forming

activity was found with several strains. Among them, SporoboZomyces

aoralZifomis rFO 1032 showed the highest activity for PaA-a-G forma-

tion. The compound was isolated from a reaction mixture of the

organÅ}sm incubated on a medium contaÅ}ntng maltose and D-PaA, by the

treatment with active charcoal, Amberlite CG-SO, Sephadex G-10 and -

DEAE-cellulose colurnn chromatography and paper chromatography. The

isolated compound was charactertzed as 4'(2')-O-(a-D-glucopyranosyl)-

D-PaA by various analytical methods including bioautegraphy, paper

chromatography, and IR and NMR spectroseopy.

     Irhe intact eompound showed the slight mierobiological activity

            'for Saceharcmlyces eavZsbergensis 4228 ATCC 9080 and LactobaciZZus
                                                     +t
pZantanan ATCC 8014, which are used as strains for bioassay of PaA.

The activity tncreased gradually ntth the prolonged incubation.
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                             CONCLUSION

      In this thesis, the author has investigated the formation of PIN--G

 and PaA-G by mlcroorganisms.

      rn the first chapter, the distribution of PIN-G-forming activity

     ' was mvestigated in various microorganisms. Various factors influen-

 cÅ}ng on the formation, the enzymatic metabolism, the stability and the

 biologieal activity of PIN-G were also examined. The distribution of

 PIN-G-forming activity was searched in culture collections of bacteria,

 yeasts, molds and actinomycetes together with isolated stfains. A

 relatively high activity of PIN-G fermation was found in bacteria

belonging to Meroeoeeus and Sarcina. The activity was also widely

distributed in yeasts, molds and actinomycetes. A bacterium stratn

No. 431, which was isolated from soil and identified as Mie7ococeus sp.

No. 431, had the highest activity among the tested organtsms and

selected as the most suitable $train for PIN-G formation. With this

strain, several conditions on the formation of PIN--G were tnvestigated

by the growing culture. Sucrose and peptone were the most excellent

substrates as carbon and nitrogen sources. A few noniontc surfactants

showed the stimulative effect on the fonnation of PIN-G, in which Span

80 was the most effective. Metal ions had no effeet. The accumulation

of PIN-G reached to a maximum after 60 to 80 hr of eultivation and

decreased aftet then. The fotuation of PIN-G increased proportionately

with the concentrations of sucrose and PINT OptÅ}mal pH of the culture

was 7.0. Vnder the optimal conditions, the amount of Pl)q-G reached to

a maximum of 1800 to Z900 uglml as PrN moiety (yield over 90Z) at 2
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mg/ml of PIN added.

PIN-G was isolated from the culture filtrate of Micrococcus sp.

No. 431 grown under the optimal conditions, and identified by various

analytical methods including IR and NMR spectroscopy. PIN-4'-G and

PIN-5'-G were separately confirmed by paper chromatography. PIN

diglucoside was also found in the filtrate, which was isolated and

identified by the same methods as PIN-G.

The enzyme activity to synthesize PIN-G from PIN and sucrose was

demQnstrated in int~ct cells and cell extracts of Sarcina and Micro

coccus. Micrococcus sp. No. 431, an isolated bacterium, was found to

have the high activity of this enzyme in its cell extract and used as

the enzyme source. The enzyme activity of the microorganism reached

to a maximum after 20 hr of cultivation. The enzyme which catalyzes

the synthesis of PIN-G via transglucosidation from sucrose to PIN was

purified from the organism by means of ammonium sulfate fractionation,

and nEAE-Sephadex, hydroxylapatite and Sephadex G-lOO column chromato

graphy. The enzyme was purified about 354-fold and confirmed to be

homogeneous on polyacrylamide-gel electrophoresis and ultracentrifu

gation.

Some properties of PIN-G-synthesizing enzyme of the organism were

studied using the partially and highly purified enzyme preparations.

The enzyme was stable at pH 7.0 and between O°C and 30°C. The maximal

activity was obtained at pH 8.0 and 37°C. Besides sucrose, phenyl-a

n-glucoside and maltose served as glucosyl donor. Of vitamin B5 com

pounds tested, only PIN served as glucosyl acceptor. The enzyme acti-
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vity was inhibited by PCMB and heavy metal ions t and the inhibition

was prevented by 2-mercaptoethanol, indicating that the enzyme was a

sulfhydryl enzyme like many a-glucosidases. The activity was not

affected by chelating agents and not activated by metal ions.

Intact PIN-G showed about 20% of microbiological activity of

equivalent mole of PIN for Saccharomyces cQPlsbergensis 4228 ATCC 9080.

The biological activity increased gradually accompanied with the

prolonged incubation. It seems that PIN-G is hydrolyzed to PIN and

glucose by a-glucosidase of the yeast and can be bioassayed as PIN.

Hydrolysis of PIN-G by heating in a.OSSN H2S04 at 120°C and 15 lb for

3 hr yielded PIN quantitatively.

PIN-G was transported into rabbit erythrocytes in vitro. The

cellular transport was affected by the incubation time, the incubation

temperature and the concentration of PIN-G added. The transport was

increased with the coexistense of ATP and glucose and was decreased

by the addition of sodium fluoride or monoiodoacetate. These results

suggest that PIN-G is actively transported into cells through erythro

cyte membranes. Adsorption of PIN-G on ghost cells was not found.

This fact shows that PIN-G is truly incorporated into erythrocytes.

A small amount of PIN-G was leaked out from the cells in the saline

washings, but a great part of it was retained in the cells. This

result also supports the above suggestion. However t the amount of

PIN-G incorporated was about 10 to 20% of that of equal mole of PIN,

showing the existence of a permeability barrier for PIN-G. It remains

to be investigated whether PIN-G is incorporated into the cells with

-111-



 the whole form of PIN-G or wÅ}th the form of P!N after PIN-G is hydro-

 lyzed by a membrane a-glucos-idase of erythrocyte cells.

      P:N-G was found to be as stable as PIN-borate eomplex against

 trradiation of ultravielet light and heating, while PIN was less

 stable.

      rn the second chapter, the formation of the glucoside of D-PaA

was investigated.

     The forrnation of the glucoside of D--PaA was ehecked with intact

 cells of yeasts Å}neubated on a medtum containÅ}ng maltose or aellobiose

and D-PaA. A B-glucoside of D-PaA was scarcely formed, but an ct-

gluceside of D-PaA was found wtth several strains. Spor'oboZomyces

eoraZliforvnis !FO 1032 showed the highest actÅ}vity. Then, this new

compound was isolated from a reaetion mixture of the strain incubated

            .in a medium containing maltose and D-PaA by the treatment with'active

charcoal, Amberliie CG-50, Sephadex G-10 and DEAE-cellulose column

chromatography and paper chromatography. The isolated cornpound was

characterized as 4'(2')-O-(a-D-glucopyranosyl)-D-PaA by various

analytÅ}cal methods inc.luding bioautography, paper chromatography, and

M and NMR spectroscopy.

     The intact compound showed the slight microbiological acttvities

for SaeeharonTyees car'Zsbergensis 4228 ATCC 9080 and LaetobaciZZus

pZantmm ATCC 8014. The activity increased gradually with the

prolonged incubation. It seems that the compound ts hydrolyzed to

D-PaA and glueose by a-glucosidases ef S. car,Zsbergensis and L. pZan-

tar'zon and can be bioassayed as D-PaA.
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