
      Journai of the Faculty of Engineering, Shinshu University, No.57, 1985 11
                          {S.･'k'tiildJS<:e};i:l:e}E:,SnS*Eeq ng57-Ilt'

  Purification and Some Properties of Three Components

       of Endo-Polygalacturonase from Irpex lacteus

                       (Polyporus tulipiferae)

               Kazumasa WAKABAYASHI, * Takahisa KANDA, **       

                            and Hidetaka FUCHU　***

                         (Received Octeber 31, 1984)

    Three components of endo-polygalacturonase (endo-PG) were purified by gel

 filtration and ion exchange chromatography from Driselase, a commercial enzyrne

 preparation irom IrPex lacteus (PolyPorus tuliPiferae). The purified enzymes were

 almost homogeneous as judged through polyacrylamide gel disc electropheresi,s. The

 three pure enzymes were designated as endo-PG I, II, and III.

     Endo-PG I, II, and III were purified approximately 13-･-, 93-, and 118-fold from

 the starting solution, and their molecttlar weights were estimated to be 16,oeo,

 32,eoo, and 7o,OOO by gel filtration on Bio-gel P-10e, respectively. The three enzymes

 show similar pH and thermal optima for pectic acid hydrolysis, wliile they are

 diii{ierent 'from one another in pH and thermal stabiHty. [rhe activity of endo-PG I

 is slightly stimulated by Fe", Mg"', or Mn"", whereas those ef the other are

 sornewhat inhibited by the same ions. The three enzymes are completely inhlbited

 by Hg++. All the three enzymes show macerating activity toward potato tissue. The

 enzymes rapidly decrease the viscosity of solutions of pectic acid and pectin, but

 give little release of reducing groups. The enzymes each also attack galacturonic

 acid oligomers at random, except di--galacturonic acid. These restdts indicate that

 each of the three endo-PGs is a typical ende-polygalacturonase.

                                Introductien

    It has been reported that a commercial celiulase preparation, Driselase, ob-

tained from frPex lacteus <PolyPorus tulipiferae) can easily macerate plant tissues

such as patato tuber and carrot root,i) and that pectlc enzynies jn this fungus,

probably endo-PG (endo-polygalacturonase), ls mainly responsible for the macera-

tiRg activity.2)

    However, no studies have so far been reported oR enzymatic properties of
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endo-PG (EC. 3. 2. 1. 15) from imex lactezts in its purified state, although the

cellulases from this fungus have been investigated in detail.3J6)

   In dealing with fractionatioR of the polygaiacturonase from this fungus

using Driselase, we noticed that the fungus produced at ieast several endo-PG

components differing from one anotker in chromatographic behavior.

   This paper describes the purification of three major endo-PG components

found in preparation of Jrpex lacteus and some enzymatic properties of these

purthed endo-PGs. '

                          Materials aRd Methods

   Enzyme Sottrce. Driselase, a commercial enzyme preparation from Ilpex

lacteus, suppiied by Kyowa Hakko Co., Ltd., was used as the starting material

for purification of endo-polygalacturoRases.

   Chemicals and Reagents. Pectic acid and Pectln were purchased from Nakarai

Chernicals Ltd. They were washed three times with 70% ethanoi to remove soluble

sugar, and then treated with absolute ethanol and ether. The degree of esterifi-

cation of pectin was 72-75%. For rnost experiments, pectic acid was dissoived

by neutralization with NaOH and used without additional treatment. Sodium

carboxymethyl cellulose <CMC, DS -- O.63> was obtalned from Daiichi Industria!

Pharmaceutica! Co., and P-Nitrophenyl P-D-glucoside (PNPG) frorn Nakarai

Chemical Co. DEAE-Sephadex A-50 and CM-Sephadex C-50 were purchased from

Pharmacia Fine Ckemicals (Uppsala, Sweden), and Bio-gel P-60 ancl P-100 from

Bio-Rad Laboratories (Calif., U. S. A,). Di-, tri-, and tetra-galacturonic acids

xNJere isolated by paper chromatography from the hydrolyzate o'f pectic acid. The

other chemicals used were of reagent grade, commercially available.

    Enzyme Assays. a) Pectic Acid-Sacchart'flying t`ictivity. The reactioR rnixture

(2 ml), consisting of O. 25% pectic acid, O.05 M sodium acetate buffer (pH 5.0),

and enzyme, was incubatecl at 3eOC for a given period <10 min in most cases).

The reducing power produced in the reaction mixture was determined by the

method of Sornogyi7) and Nelson. 8) One unit of endorpoiygalacturoRase (endo-PG)

is defined as the amount of enzyme which produces a reducing power from the

substrate equivalent to 1 ptrnol of galacturonic acid per min.

b) Pectin-Sacchariflying Activity. The hypoiodate method of Hatanaka9) was

employed for determination of the reducing power of pectin solution, under the

same conditions as used for the pectic acid-saccharifying activity.

c) CMC-Sacchari.f]yin.cr Activity. The assay was carried out under the same

conditions as used for the pectic acid-saccharifying activity, except for the use

of 1% CMC in place of 1% pectic acid.

d> P-Glescosidase Activity. The reaction mixture consisted of O.1 ml of O.048 M
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PNPG, O.2 ml of O.I M sodium acetate buffer (pH 5.0), and O.I ml of enzyme

solution. After incubation at 300C for IO min, 5 ml of 1% Na2C03 was added

to the mixture, and the P-nitrophenol Iiberated was estimated from the absorb-

ance at 420 ltm.

e) Pectin-and Pectic Acid-Lique.1`lying Activities. The reaction mixture consisting

of 2 ml of 1% substrate solution, 3 ml of O. 1 M sodium acetate buffer (pH 5. 0), and

1 ml of enzyme soiution, was incubated in an Ostwald viscometer at 300C, and

the fiow time <seconds) was measured to estimate the relative viscesity <ll,eD o'f

mixture; the activity is expressed as decrease (%) iR nyrei.

f) Macerating Activity. Maceration of plant tissues was determined according

to tlte method of Suzuki et al. iO) Two potato discs (1.3 × O.5 cm) were piaced in

an L-shaped tube containing 2 ml of O. I M sodium acetate buffer (pH 5. 0), l ml of

water, lml <105 ptg) of enzyme soltition, andO.2ml of toluene. The' macerating

activity of potato disc is clefined by maceration value expressed in %; maceratioR

value ==(Wb - Wt)IVVb, where Vua) is the dry weight of untreated disc and Wt

and VVb are the dry weights of discs remaining after incubation at 300C for 5 hr

in the presence and absence of enzyme solution, respectively.

   Dete7mination of Protein. Tke proteik in a reaction mixture was determined

by the method of Lowry et al. ii) or from the absorbaRce at 280 nm, using crystal-

iine bovine serum albumin (from Miles Laboratories, Inc.) as a standard.

   Disc Electmphoresis on Polyacrylamide Gel. Polyacrylamide gel electrophoresis

was carried out in glycine-Tris buffer at pH 8.9 as determined according to the

procedure described by OrRsteini2) and Davis.i3) A sample containing about 10 xtg

of protein was applied on the top of the gel and tkeii subjected to electrophoresis

at 2. 5 mAfgel. Gels were stained for eRzyme protein with O. 05% coomassie brilliant

biue R250.

   Pmper Chromatogrmphy. Hydrolysis products produced by the enzymes were

detected by paper cliromatography. After an appropriate period of incubation,

aiiquots of enzymatic hydrolyzate of substrates and solution of authentic sugars

used as standard were spotted individuaily on a Whatman No. i filter paper and

chrornatograms were obtained after development by the desceRding teclmique with

n-butanol: acetic acicl: water (4:3:3,vlv> at room temperature for an appropriate

period. Spots of the products were detected by the dipping procedure using silver

nitrate reagent. i4)

                                Resuks

    Purification of Endo-Polygnlactttronase Components.

  Step 1. First DEAEP-SePhadex A-50 Column Chromatogrmphy. A crude enzyme

solution obtained from Driseiase powder (50 g> was appiied to a DEAE-Sepltadex
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               Elution pattern of the crude enzyme preparation from a
             DEAE-Sephadex A-50 column.

             -O-, pectic acid-$accharifying activity (10 min incuba-
             tion, A66o); ...., protein (A2so).

             Column, 5.ex40 cm; fiow rate, 24ml/h; fraction size, 20 rnl.

column (acetate form) equilibrated previousely with O.02 M sodium acetate buffer

(pH 5. 0). Elution was carried out stepwise witk O. 02, O. 1, and O. 2 M sodium acetate

buffers at the same pH. The results are shown in Fig. 1. Three fractions of

pectic acid-saccharifyiRg activity from P-1 to P-3 were obtained, which overlapped

the main peaks of protein. P-l and P-2, which are more active toward pectic

acid and contain the greater amount of protein of the three, were subjected to

further purification. These two fractions were each brought to 80% saturation by

addition of solid ammonittm sulfate, and allowed to stand overnight. The resulting

precipitates of P-1 and P-2 were each collected by centrifugation and then dissolved

in asmali volume of water, dialyzed, and Iyophiiized.

   Pblrij7cation of P-1 Component.

 StcP 2. CM-Sephadex C-50 Colztmn Chromatogrmphy. An aqueous solution of

P-1 was applied to a CM-Sephadex C-50 column, previously equilibrated with

O.02 M sodium acetate buffer (pH 5. 0). Tke column was eluted stepwise with O. 02

and O.1 M sodium acetate buffers, aRd then with O.1 IV[ sodium acetate buffer

containing O.1M NaCl atthe same pH. As shown in Fig. 2, P-1 gives tkree

protein fractions (P-1-1 to -3) and the activity is recoverecl in the two main

fractions, P-1-2 and P-1-3, whick possess almost noRe of CMCase or P-glucosidase
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-A-, P-glucosidase activity (15 min incubation, A42e);

.... , protein (A2so). Column, 2.0×45 cm; fiow rate, 17 ml!h;
fraction size, 10 ml.
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 3 Elution pattern of P-i-2-2 on a Bio-gel P-100 column

and disc electrephoresis of endo-PG I on polyacrylamide
gel.

-O-, pectic acid-sacchariEying activky <20 rnin
incubation, A6Go) of eluates diluted 2-fold; ....,

protein (A2Be). Column, 1.0×150 cm; fiow rate,
2 mllh; fraction size, 3 ml. Disc electrophoresis of

the purified enzy!ne (ende-PG I) was carried out by

the method of Ornseein12) and Davis 13) as described
                              '
in the "Materials and Methods" section.
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activity. These two fractions were each concentrated iR a coilodion bag and

then Iyophilized.

    Purification of P-1-2 Component.

  StqP 3a. Bio-gel P-60 Gel Filtration. The P-1-2 fraction was applied to a

Bio-gel P-60 column (2 × 110 cm) equilibrated with O. 1 M sodium acetate buffer

(pH 5.0) and eluted with tke same buffer. The pectic acid-saccharifyiRg activity

was separated into three fractions <P-1-2-1 to -3), of which P-1-2-2 showed a

high pectic acid-saccharifying activity and was almost 'free from CMCase. This

fraction was concentrated in the same way as described above.

  St(ip 4a. Bio-gel P-100 Gel Filtration. The P-1-2-2 fractioR gave no other peaks

on this gei filtration, which was carried out in the same way as described above,

except for the use of Bio-gel P-100 in the place of Bio-gel P-60 and for the column

size. As shown in Fig. 3, a single peak fraction of pectic acid-saccharifying

activity coincided entirely with the proteiB peak. This fraction was then lyophi-

lized after concentration aRd named endo-PG I.

   Purij7cation of P-1-3 Component.

  Stop 3b. Bio-gel P-100 Gel Filtration. The P-1-3 fraction obtained in Step 2

was subjected to gel filtration on a Bio-gel P-100 column in the same manner as

described in Step 4a, except for the column size. As shown in Fig. 4, the eluates

were separated into approximately three fractions <P-1-3-1 to -3), of whlch P-1-

3-=2 showed the hlghest pectlc acld--saccharlfying activity and was present in the
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 incubation, A66o); ...., protein (A2so). Column,

 3.0xl50 cm; fiow rate, 12 mllh; fraction size,

 3 ml.
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Fig. 5 Elution pattern of P-1-3-2-2 on a Bio-gel P-60 column

 disc electropheresis of endo-PG II on polyacrylamide gel.

 -O-, pectic acid-sac¢harifying activity (10 min incubation,

 A66o) o£ eluates diluted 5-fold; ...., protein (A2se). Column,
 2.ex105 cm; fiow rate, 3 ml/h; fraction size, 3 ml. Disc elec-

 trophoresis of the purified enzyme (end-PG II) was carried
 out under the same conditions as in Fig. 3.

and

largest amount. The fractioR was lyophilized afeer concentration iR tke same way

as described before.

   Stop 4b. Second DEAE-SePhadex A-50 Column Chromatogrmphy. The P-1-3-2

fraction was again subjected to DEAE-Sephadex A-50 column chromatography

uRder the same conditions with the first DEAE Sephadex Ar-50 chromatography,

except for the colttmn size (2×45 cm). Three fractions <P-1-3-2-1 to -3) were

obtained, of which P-1-3-2-2 showed the highest activity. This fractioR was

concentrated in the same way as described before.

  Stop 5b. Bio-gel P-60 Gel Filtration. The P-1-3-2-2 fraction was subjected to

gel filtration on a Bio-gel P-60 columR in the same way as descrlbed in Step 3a,

except for the eolumn size. As shown ik Fig. 5, a single peak fraction of pectic

acid-saccharifying activity entirely coinciding with the protein was obtained and

narned endo-PG II after conceRtration.

   Purijication of P-2 Component

  Stct) 2c. CM-Sophadesc C-t50 Coltemn Chromatogrmphy. An aqueous solution of

P-2 obtained in Step 1 was applled to a CM-Sephadex C-50 column in tlte same

manner as described in Step 2. As shown in Fig. 6, three fractions <P-2-1 to -3)

were obtained. The P-2-2 fraction which showed the highest activity of the three

fractions was concentrated aRd lyophilized.
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Fig. 7 Elution pattern of P-2-2-1 on a Bio-gel P-60 celumn and
disc electrophoresis of endo-PG III on polyacrylamide gel.

-O-, pectic acid-saccharifying activity (20 min incubation,

A66o) of eluates diluted 5-fold; ...., protein (Agss). Column,

2.0×107 cm; flow rate, 2ml/h; fraction size, 3 ml. Disc elec-
trophoresis of the purified enzyme (end-PG III) was carried
out under the same conditions as in Fig. 3.
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  Stop 3c. Second CM-Sophadex C-50 Coiumn Chromatogrophy. In an attempt to

remove the accompanying CMCase, the P-2-2 fraction was again subjected to

CIVI-Sephadex C-50 column chromatography in the same way as described in Step

2, except for the column size (2×26 cm). A single fractioR of pectic acid-sacchari-

fying activity, almost free from CMCase, was obtained.

  Stop 4c. Bio-gel P-60 Gel Filtration. The concentrated fraction (P-2-2-1)

obtained above was furtlaer subjected to gel fiitration on a Bio-gel P-60 column, in

the same way as described in Step 5b. As shown in Fig. 7, the pectic acid-saccha-

rifying activity coincided fuiiy with the protein peak, suggesting its ltomogeneiey.

After conceRtration, it was named endo-PG III.

   The final preparations of endo=PG I, II, and III each gave a single proteln

band on disc gel electrophoresis at pH 8.9 (Figs. 3, 5, and 7). Tables 1, 2, and 3

summerize the specific activities and recoveries during the purification procedure

for the three endo-PGs from the starting solutions. The specific activities of

endo-PG I, II, and III toward pectic acid were increased 13-, 93-, and 118-fold

           Table 1 Recoveries and activities of endo-PG I during the
                 purification procedure

Purification step Volume
 (ml)

p(r.ot,e)in
 Tota(eynits.ig,e/./T,2C.)) Re?o%v)ery

Starting solution

DEAE-Sephadex A-50 (P-1)

CM-Sephadex C-50 (P-1-2)

Bie-gei P-60 (P-1-2-2)

Bio-gel P-100 (endo-PG I)

400

960

 39. 6

 l2. 0

 4.5

6800

1488

 21.8
  6. 1

  1. 8

94. 34

49. 36

 1. 93

 O. 78

 O. 34

O. O14

O. 033

o. esg

O. 127

O. 184

(100)

 52. 3

  2. 04

 O. 82

 O. 36

a) Specific a¢tivity is defined as activity units/mg of enzyme protein. One unit is
 the pectic acid-saccharifying activity which produces a reducing power equiv-
 alent to 1.0 ptmol of galacturonic acid in one min under the reaction condltions

 employed in the present work.

Table 2 Recoveries and activities of endo-PG II during the

      purificaeion procedure

Purification step Volume
 (ml)

PEEII2e)in TO`a('uynits .i.uPt>e･tt,i',,fi,C),) Rec?%gry

Starting solution

lst DEAE-Sephadex A-50 (P-1)

CM-Sephadex C-50 (P-1-3)

Bio-gel P-100 (P-1-3-2)

2nd DEAE -Sephadex A-50
              (P-1 --3-2-2)

Bio-gel P-100 (endo-PG II)

4eo

960

leo

 48

 36

 24

6seo

1488

 17
 12

  4.3

  2.5

94.34

49. 36

l2. 03

 9. 37

 3. 49

 3. 27

O. O14

O. 033

O. 708

O. 781

O.808

1.297

(100)

 52. 3

 12. 8

  9.9

  3.7

  3.5

a) Specific activity and one unit are the same as in Table 1.
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Table 3 Recoveries and activities of endo-PG III during the

      purification procedure

Purification step Voiume
 (ml)

P(r.otge)in
 Tota(luynits .S.(ltil/･/./r'tfigyC).) ReEl?V)erY

Starting solution

lst DEAE-Sephadex
              A-50 (P-2)

lst CM-Sephadex
            C--5e (P-2--2)

2nd CM-Sephadex
           C-50 (P-2-2-1)

Bio-gel P-60 (endo-PG III)

1600

4320

 250

 150

 18

27200

 9504

  13. 8

   4. 5

   1.2

380.8

 54. I

 7. 78

 6. 23

 1. 78

O.O14

O.024

O. 566

1. 384

1. 651

(100)

 14. 2

  2.04

  l. 64

  O. 47

   a) Specific activity and one unit are the same as in Table 1.

                      200

                   robAtoo×.f.....Znod,Oi,'ePggi:..asb,.in

                    ;; 60 ×.-s--1krk'a-amylase
                   ii'I ×.sEndo･PGIt

                   X 20
                                  gndo-PG t "?-- a
                                  Cytochrome c-'a--.x
                       IO
                        1･O l･6 2･2
                                 Ve1Vo

           Fig.8 Determinatlon of the molecular weights of three
              purified enzymes, endo-PG I, II, and III, by Bio-gel P-100

              gel filtration.

              Y, and Y. are the elution volume and void volume,

              respectively. Column, 1.0×15e cm; fiow rate, 3 mllh;
              fraction size, 3 ml; elution buffer, O. 1 M sodium acetate

              buffer, pH 5.0.

over those of the starting solutions, respectively.

   Molecular Weig)Izt by Gel Filtration. The three endo-PGs were each applied

to a Bio-gel P-100 gel column equilibrated with O.1 M acetate buffer (pH 5.0).

Elution was carried out with the same buffer. Bovine serum albumin (M. W.

67,OOO), Taka amylase (M. W. 53,OOO), and cytochromec<M. W. 13,OOO) were

used as standards. Tke void volume was determined using blue dextran 2,OOO.

The molecular weights of endo-PG I, II, and III were estimated to be 16,OOO,

32,OOO, and 70,OOO, respectively (Fig. 8).

   Elfflact of Metal Ibns. Table 4 shows the effect of various metal ions on the

enzyme activities. The activity of endo-PG I was slightly stimulated by Fe"",

Mg"", or Mn"", whereas those of the other enzymes were somewhat inhibited

by the same ions. Ag", Co", Cu'", or Pb"' inhibited the enzyme activities to
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Table 4 Effect of metal ions on

iicPex lacteus

enzyme activitya)

21

Metal ion Concentration

   (mM)

Residual activity (%)

Endo-PG I Endo-PG II Endo-PG III

None

AgN03
BaCl2

CoCl.

CUS04

Fes04

HgCl2

KCI

MgSo4
Mns04
NaCl

Pb(CH,COO),

ZnC12

1.58

1. 58

1.58

1.58

1. 58

1.58

1.58

1. 58

1.58

1.58

1.58

1. 58

leo

71. 9

IOI.O

79. 4

59. 0

127. 8

 e
102. 5

113.0

124. 3

103. 4

71.6

96.1

100

73. 5

93. 3

57.1

50. 3

91.0

 o
96. 1

68. 0

34. 9

92. 2

70. 9

89. 2

loe

64. 2
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   a)Enzyme activity was determined as the pecti.c acid-saccharifying activity.
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           FIg. 9 pR stability and optimum pH curves for the pectic
              acid-saccharifying activities oE three purified enzymes.

              -@-, endo-PG I; -O-, endo-PG II; -A-, endo-PG
              III.

some degree. The three enzymes were completely inhibited by Hg".

   Efflacts ofPEI and Temperature on Enzyme Activity and Stability. The pH

dependence of the purified enzyme activities was studied under the standard assay

conditions with Britton-Robinson's wide range buffers (pH 2 to 10). As shown in

Fig. 9, the optimum pH of endo-PG l is 5.0, whiie those of endo-PG II and III

are 5. 0-6. 0. The effect of pA on the stability of the enzymes was examined after

preincubation for 24 hr at 300C at various pH values. Remaining activities were

then assayed at pH 5. 0. The endo-PG I activity was stable in the relatively wide

pH range from 3.5 to 6.5, whiie the endo-PG II and III activities were stable

only in the narrow range of pH 4.5to 6.0. The effect of temperature on the
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           Fig. 10 Heat stability and optimum temperature curves for
              the pectic acid-saccharifying activities of three purified

              enzymes.
              -@-, endo-PG I; -O-, endo-PG II; -A-, endo-PG
              III.

stability was studied by heating the enzymes at various temperatures for 20 min

in acetate buffer (pH 5.0), cooling them quickly in ice water, and determining

residual activities at 300C by measurlng the increase in £he amount of reducing

sugar. The optimum temperature and heat stabiiity of each enzyme activity

are shown in Fig. 10. The three enzyme activities each showed maxima at 600C.

The enzyme activities are stable at temperatures lower than 400C but endo-PG

III loses its activity remarl<ably at 500C under the conditions employed.

   Macerating Activity. The three purified enzymes each had macerating activlty

on potato disc. The macerating activities of endo-PG I, II, and III were 12.8,

22.4, and 16.2, respectively.

                Endo-PGI Endo-PG II Endo･PG III
          IOO iOO iOO                                  M'A
        igso,///if ,,//// ,,/J/"

                                                          /e           o est-A o A-t-2==X-/X o .Aa.k
                20 40 60 20 40 60 20 tro 60
                 Time (min) Time (min) Tlme {min)

         Fig. 11 Degradation of pectic acid and pectin by three purified

            enzymes.
            Viscosity reduction (%): -O-, pectic acid; -A-, pectin.
            Hydrolysis of glycosidic bond (%): -@-, pectic acid;
            ...A..., pectin.
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   Actions on Pectin and Pectic Acid. The three endo-PGs rapidly reduced the

viscosity of pectin and pectic acid solutions at pH 5.0, although these enzymes

were different froin one ariother in the rate of reducing 'actiVity toward pectin

and pectic acid. When the activities of the enzymes were followed by measuring

the increase in the amount of reducing group, pectin aRd pectic acid each slowly

underwent a hydrolysis, although the rates of pectic acid hydrolysis by these

eRzymes were all somewhat high as compared with those of pectin hydrolysis

(Fig. 11).

   ,llllydrolysis Products fovm Pectic Acid. Hydroiysis of pectic acid by the three

endo-PGs was first carried out under the standard conditions, and the products

were identified by paper chromatography. Fig. 12 shows paper chromatograms

in the time-course of hydrolysis of pectic acid by the three endo-PGs. At earlier

stages, by endo-PG I it was hydrolyzecl iRto higher galacturonic acids together

wkh low galacturoRic acids suck as mono- to tetra-galacturonic acid in which dF

galacturonic acid appeared to be most dominant. On the other hand, by endo-

PG II and III it was kydrolyzed progressively iBto higher galacturonic acids but

low gaiacturonic acids were not detected. Higher galacturonic acids gradually

disappeared as reaction proceeded, and mono-and di-galacturenic acids remained

as the end products.

   Hydrolysis of Oligo-galacturonic Acid. The hydrolysis products from tetra-

galacturonic acid by the three endo-PGs were also identified by paper chromato-

Fig.

Gl

Ende-PG I Endo-PGII Ende-PGIII

 G2

 Gs
 G4
 Gs

    S 30 60 240 S 30 60 240 S 30 60 240
      Time (rain) Time (min) Time (min}

 12 Paper chromatograms showing products formed in course
of hydrolysis of pectic acid by three purified enzymes.

S, standard; Gs, galacturonic acid; G2, di-galacturonic acid; G3,

tri-galactttronicacid; G4, tetra-galacturonic acid; Gs, penta-ga-

lacturonic acid. Development time, 24 h.
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 13 Paper chrematograrns showing prodttcts formed in
course of hydrolysis of tetra-galacturonlc acid by three

pttrified enzymes. The symbols are the same as in Fig. 12.

Development tirne, 24 h.

graphy as shown in Fig. 13. As expected, tetra-galacturonic acid was hydrolyzed

into mono-, di-, and tri-galacturonic acids at early stages, and tri-galacturoBic

acld in£o mono-aRd di-galacturonic acids, whereas di-galacturonic acid was not

further attacked.

                               Discussien

    In the present study, three endo-polygalacturonase fractions (endo-PG I,

II, and III> were obtained from Driselase, a commercial product of imex lactezts

(PolyPorus tztl･i i.IZerae), by successive gel filtration and chromatography on Sephadex

ion exchangers. These eRdo-PG I, II, and III were purified approximately 13-,

93-, and 118-fold from the initial preparation, respectively. The purified enzymes

were almost homogeneous on polyacrylamide disc eiectrophoresis.

    The approximate average molecular weights of the three endo-PGs which were

estimated by the gel filtration method, were considerably different from one

another <16,OOO, 32,OOO, and 70,OOO for endo-PG I, II, and III, respectively).

   It ls known that most PGs have optimal pHs in the weal<ly acidic reglon

between pH 4. 0 and 6. 5. i5-i8) The three endo-PGs show similar enzymatic proper-

ties in pH and thermal optima for pectic acid hydrolysls, while they are different

from one another in pH and thermal stability.

   Endoi9) presented that oRly one of three kinds of endo-PG frorn Coniotdyrium

diplodiella highly purified had macerating activity toward potato disc, the other

two having no macerating effect on plant tissttes. In the present sttidy, all the
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tkree endo-PGs from I)zPex lacteus, iike those from Sacchafonayces fragilis,2i)

were found to have macerating activity toward potato tissue, although their

extents of activity were not remarkably different from one another. This suggests

that purified three eRzymes attack pectic substances in the natttral state without

any joint actions with other pectin hydrolases or hemicellulases.

   The three endo-PGs of this fungus also cause a rapid decrease in viscosity of

pectic ac}d or pectln solution, while the reducing powers in reaction media increase

more slowly; concerning the hydrolysis of pectic acid, endo-PG I, II, and III were

found to ltydroiyze around 3, 2, and 2.5%, respectiveiy, of the glycosidic bonds

of pectic acid when the viscosity of the reaction mixture was reduced by 50%.

The degrees of viscosity redttction of pectic acid solution by endo-PG I aRd

III were more than those of pectin solution, whi}e that by endo-PG II was in a

reverse relationship. Moreover, the paper chromatographic analysis (Figs. 12 and

13> showed that the enzymes attack at random the inner glycosidic bond of pectic

acid including gaiacturonic olygomers, although their modes of action were sligktiy

different from one another at early stages; products formed from pectic acid and

the olygomers, after prolonged incubation by the three endo-PGs, were determined

to be mainly mono- and di-galacturonic acicls but di-galacturonic acid was not

fLirther hydrolyzed. From these results, it is concluded that each of the three

enzymes may be classified into a group of typical endo-polygalacturoBase.

    Thus, the endo-PG of 1)tPex lacteus seems to be composed of various kinds of

enclo-PG components. The existence of similar multiple components in this enzyme

compiex has aiready been reported for Coniothyrium diplodiella20) and Saccharomyces

fragilis.2i) Some of multlple components in the endo-PG of Iipex lactezes may be

produced by secondary modification tmder the action of some factors from an endo-PG

component of iarger molecu}ar weight to components of smalier molecular weight,

as discussed on cellulase components from Trichoderma viride by Nakayama

et al. 22) The lnvestigation oR these multiple compoRents in this fungus, however,

remains to be doRe.
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