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Abstract: Xylanase J (XynJ) from alkaliphilic Bacilllls sp. strain 41M明1is a multi-domain enzyme consisting 
of a glycoside hydrolase (GH) family 11 catalytic domain and a carbohydrate-binding module family 36 
xylan・bindingdomain (XBD). Structural comparison of the GH family 11 catalytic domains indicated that 
there were several specific salt bridges in the catalytic cleft of XynJ. Mutant enzymes were prepared by sub-
stituting several amino acid residues responsible for the characteristic salt bridges. Elimination of the salt 
bridges caused an acidophilic shift in optimum pH， suggesting that the characteristic salt bridges contributed 
to the alkaliphily of XynJ. On the other hand， reinforcing one of the characteristic salt bridges in the catalytic 
domain shifted the optimum pH of XynJ from 8.5 to 9.0. Furthermore， introducing excess Arg residues on the 
protein surface was also efIective to improve the alkaliphily of XynJ. Xylmトbindingproperties of various 
XBD mutants were investigated as fusion proteins with glutathione-S幽transferase.Furthermore， the same sub-
stitutions were introduced into the XBD region of XynJ and insoluble xylarトhydrolyzingactivity was mea-
sured. The results indicated that some Asp， Trp and Tyr residues were important for xylan・bindingactivity of 
the XBD， and that xylan占ydrolyzingactivity of XynJ was closely correlated to xylan-binding activity of the 
XBD region. 

Key words: glycoside hydrolase family 11， xylanase， carbohydrate-binding module family 36， xylan-binding 
domain， alkaliphily 

Xylan， the major component of hemicellulos巴， has a 

backbone of s-l，4-1inked xylopyranose units. Xylanase 
(l，4-s-D-xylan xylanohydrolase; EC 3ユ1.8)catalyzes hy同

drolysis of s-l，4 bonds of xylan to g巴ner批 xylo-
oligosaccharides and xylos巴.Various applications of xyla-

nases in the bioconversion， food， and feed industries have 
been suggested. '-3) Sinc巴thesolubility of xylan in aqueous 

solutions increases at alkaline pHs， xylanases active under 

alkaline conditions are requir巴dfor industrial applications. 

We have isolated alkaliphilic Bαcillus sp. 41Mω1 from 

a soil sample:) The str・ainproduced a xylanase that had an 

alkaline pH optimum.5) The enzym巴， named xyla-

nase J (XynJ)， consists of two functional domains: a gly-

coside hydrolase (GH) family 11 catalytic domain (CatD) 

and a xylan-binding domain (XBD) belonging to 

carbohydrate-binding module family 36 (http://www. 
cazy.org/index.html) (Fig. 1).6) Mutational analysis of the 

CatD revealed some amino acid residues that were impor-

tant for catalytic activity.6) The alkalin巴adaptationmecha-

nism of XynJ， however， had not been elucidat巴d.On the 
other hand， an XBD-truncated XynJ d巴rivative(~BD)， 

and a fusion protein of glutathione-S-transferase (GST) 
and the XBD (GST-XBD) were prepared.6.7) GST-XBD 

bound tightly to insoluble xylan and l¥XBD showed far 

lower hydrolyzing activity toward insoluble xylan than 

full-length XynJ. These results indicated that the XBD 

• Eqlla1 contriblltion 
キ'Corresponding allthor (Tel. +81-45-924-5765， Fax. +81-45-
924-5837， E-mai1: nakamura.s.af@m.titech.ac.jp). 

would bind to insoluble xylan and enhance hydrolyzing 

activity of the a司jacentCatD. The XBD was successfully 
displayed on the surface of filamentous phag巴.Analysis 

of the xylanωbinding activity-deficient mutant phages re判

vealed that some Asp，到leand Trp residues might con-

tribute to xylarトbindingactivity of the XBD.7) 

Recently， we have solv巴dthe crystal structure of XynJ 

(Ihsanawati et al.， manuscript in preparation). Structure 

comparison between CatDs of neutral and alkaline xyla-

nases indicated that ther巴 wereseveral salt bridges spe-

cific in alkaline xylanases， including XynJ. These salt 

bridges lie in th巴 catalyticcleft， suggesting that the salt 

bridges might contribute to the alkaliphily of XynJ. In this 

article， we describe our recent findings from the analysis 

of functional domains and successful improvem巴ntof the 

alkaliphily of XynJ. 

Strllctural comparison of CatDs from GH family 11 
xylanαses. 

Structural comparison of GH family 11 alkaline xyla-

nase (Xynll) from Bacillus agaradhaerens with neutral 

xylanases revealed that there was a characteristic salt 

bridge networ・kin Xynl1.8) We also solved the crystal 

structures of XynJ in two crystalline forms obtained from 

pH 6.5 and 8.0 (PDB ID: 2DCJ and 2DCK， respectively). 

There was also the same characteristic salt bridge network 

(formed by Glu16， Arg48 ， Lys52 and Glul77) found in 

Xynll. Moreover， an additional salt br討ge(formed by 

Asp14 and Lys51) characteristic in alkaline xylanases was 
discovered in the CatD region of XynJ (Fig. 2).9.10) All 
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thes巴saltbridges lay in th巴catalyticcleft. Pr・eviouswork 

showed that mutant enzym巴sXynJo14N (Asp14 of XynJ 

was replaced by Asn)， XynJE16Q and XynJE177Q exhibited 

acidophilic shifts in optimum pH.6l These results sug-
gested that the characteristic salt bridges existing in the 

catalytic cleft might contribute to the alkaliphily of XynJ. 

Mutations of the residues respollsible for the charac・
teristic salt bridges found in the CatD. 
The amino acid residues Arg48， Lys51 and Lys52， 

which were responsible for the characteristic salt bridges， 

were targeted for further mutational analysis. LDCBD， con-

sisting of the CatD only and corresponding to Alaト

Pro222 of XynJ， was used as a par巴ntenzyme for the mu-

tational study. To eliminate the salt bridges， Arg48， Lys51 

and Lys52 were replaced by Gln according to our previ司

ous work (XynJE16Q and XynJ日77Q).6JTo reinforce the 

salt bridges， th巴 concernedLys51 and Lys52 were re験

XynJ H2Nイ

H2N -{ 

GHfamily11 
cataly丘domain
CatD 

CBMfamily36 
xylan-binding domain 

i 川勝泌幾トCOO対

トCOOHL'>XBD CatD 

GST-XBD H2N 

Fig. 1. Molecular architectures of XynJ， L¥.XBD and GST伺XBD.

(8) 

Asp14 -Lys51 

Glu16 -Lys52 

Arg48 -Glu177 

Fig. 2. Three叩dimensionalstructure of the CatD region of XynJ 
(A) and characteristic salt bridg巴sfound in XynJ (B). 

Th巴catalyticresidu巴sand the amino acid 1巴sidu巴sresponsibl巴for
the characteristic salt bridges are shown in panel (A). 
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placed by Arg. Salt bridges of sXBD should be elimト

nated in mutants sXBDR48Q， sXBDK51Q and sXBDK52Q， 
whereas they should b巴 reinforcedin sXBDK51R and 

LDCBDK52R. 

Wild-typ巴sXBD，and mutants sXBDo14N， sXBDE16Q， 

sXBDR48Q， sXBDK51Q，必侶DK51R，心主BDK52Q，sXBDK52R 
and sXBDEl77Q were assayed for xylanase activity at 

various pHs. Wild-type LDCBD showed a broad pH profile 

and the highest activity at pH 8.5 (Fig. 3(A)). The pH op-

tima of必ffiD目的，LD沼DR48Q，sXBDK52Q and LD侶DEl77Q

were changed to 5.0-6.0， while sXBD014N and sXBDK51Q 
巴xhibitedalmost the same optimum pH as wild帥type

sXBD.9) These results suggested that the characteristic salt 

bridges contributed to the alkaliphily of XynJ. 

Unlike sXBDK5IQ， sXBDK51R exhibited som巴what

higher specific activity than wild-type sXBD in a broad 

range of pH and had a pH optimum of 9.0 (Fig. 3(B)).iO) 

On the other・hand，LDCBDK52R showed lower activity at 

alkaline pHs compared to wild糊typesXBD， and had a pH 

optimum of 8.0. These results indicated that reinforc巴ment

of the characteristic salt bridge formed by Asp 14 and 

Lys51 caused an alkaliphilic shift in optimum pH. The re-

inforcement of this salt bridge might increase the stability 

of the cleft structure at alkaline pHs， and thus result in 

improvement of the alkaliphily of XynJ. In th巴 caseof 

sXBDK52R， th巴 saltbridges might not be form巴dcor-

rectly， esp巴ciallyat alkalin巴pHs.As a result， sXBDK52R 
exhibited an acidophilic shift in optimum pH. Further 

studies n巴巴dto be conduct巴dto clarify why sXBDK52R 

has rather higher activity at neutral pHs compared to 

wild-type LDCBD. 

lntroductioll of excess Arg residues 01l the protein 
surface of the CatD. 
Amino acid sequence comparison of some alkaline ser-

ine proteases revealed that high-a1kaline adaptation is ac-

companied by an increase in the number of Arg on th巴

protein smface.lI) Some mutant enzymes were pr巴pared

from Trichoderma reesei xylanase 11 by introducing巴》
cess Arg residues on the Ser/Thr surfac巴.12)The S巴r/Thr

surface forms a major part of the outer surface of the 

double品y巴redβsheetand contains a la伊 numberof Ser 

and Thr residues. These mutations shifted the optimum 
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Fig. 3. Effect of reaction pH on activity of wild司typ巴andmutant L¥.XBDs. 

The reaction was carried Ollt at 37
0

C for 10 min using birchwood xylan as a soluble sllbstrate. Xylanase activity was determined by mea-
sllring the amollnt of liberated 1巴ducingsllgars by the conv巴ntionalmethod. On巴lInit(U) was defined as amount of enzyme that r巴leasedre-
ducing sllgars eqllivalent to Iμmol of xylos巴 permin. (A) .， wild-type L¥.XBD; A ， L¥.XBDDI4N; l1li， L¥.XBDEI6Q;令L¥.XBDE177Q;ム，
L¥.XBDR48Q;日， L¥.XBDK51Q; 0， L¥.XBDK52Q. (B) .， wild句typeL¥.XBD; A ， L¥.XBDK51R;園， L¥.XBDK52R;ム， L¥.XBDR5;臼， L¥.XBDR5/K51R. 
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Asn74 Asn192 

Fig. 4. Three-dimensional stmcture of the CatD region of XynJ 

The positions of substitut巴damino acid r巴siduesin mutant Fig. 6. Three-dimensional stmcture model of the XBD/xylotriose 
d.XBDK51R/R5 ar官 shown. complex. 

pH to the alkaline region by 0.5-1.0 pH unit. Mor・eover，

th巴temperatureoptima of these mutants increased by 5
0

C 

compared to the wild同typeenzyme. 

The amino acid residues Ser26， Thr34， Asn74， Asn76 

and Asn192 at the Ser/Thr surface were selected for sub-

stitutions according to one of the T. reesei xylanase II 
mutants.I2J Amino acid substitutions of these five residues 

by Arg w巴reintroduced into dXBD and dXBDK51R to 

construct dXBDR5 and dXBDK51R/R5， respectively. The 

positions of the substituted amino acids (Ser26， Thr34， 
Lys51， Asn74， Asn76 and Asn192) are shown on the 

thr・巴巴べiimensionalstructure of the CatD region of XynJ 

(Fig. 4). dXBDR5 and dXBDK51R/R5 showed about 509も

of the activity of wild-type dXBD and had pH optima of 

9.0 and 9.5， respectively (Fig. 3(B)). ¥0) Thes巴resultssug-

gested that the introduction of five Arg residues on the 

Ser/Thr surface could also improve the alkaliphily of 

dXBD. It is noteworthy that the optimum pH of dXBD 
has been successfully shifted from 8.5 to 9.5 by combin-

ing the two methodologies presented in this study. 

Wild四typedXBD， and mutants d.XBDK51R，企XBDR5

and dXBDK51R/R5 were assayed for xylanase activity at 

various temperatures. As shown in Fig. 5， wild-type 
o 

dXBD was most active at 55T. dXBDK51R exhibited al的

400 
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most the same temperature profile and temperature opti-

mum as wild-type d.XBD. On the oth巴rhand， th巴 tem-

p巴ratureoptima of d.XBDR5 and dXBDK51R/R5 were both 

60
0

C. ¥0) Although th巴semutants showed lower sp巴cific前田

tivity than wild-type d.XBD at 37-60
o
C， they showed ap-

parently higher activity at 65
0

C. These results indicated 

that the introduction of excess Arg residues on the protein 

surface increased the thermostability of dXBD. 

Strllctllre modelillg 01 the XBD /xylotriose complex. 
In the crystal structure of XynJ， the XBD region has 
also the βjelly-roll fold well observed in other CBMs. It 
contains two Ca2+ on the side and top of the fold， referred 

to as Cゐ1and Ca-2. The structure of CBM family 36 

XBD of Paenibacillus polymyxa xylanase 43 A 

(PpCBM36) in complex with xylotriose has already been 
repOlted.13) PpCBM36 also contains two Ca2+ and one of 

the xylose residues is coordinated to the Ca2+ on the top 

of the fold via its 02 and 03 hydroxyls， suggesting that 

PpCBM36 should be a Ca2+嗣dependentXBD. The XBD 

structure of XynJ (2DCJ) was superimposed with that of 

PpCBM36 to construct the structure model of the XBD/ 
xylotriose complex (Fig. 6).14) It seemed that th巴 XBD

might follow the same Ca2+回depend巴nt xylan-binding 

mechanism as PpCBM36 and that Ca-2 might interact 
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Fig. 5. Effect of reaction temperat日記 onactivity of wild同typeand 
mutant ~XBDs 

Th巴r巴actionwas carried out at pH 8.5 for 10 min using birch-
wood xylan as a soluble substrate. .， wild-type d.XBD; A， 
~XBDK51R; ム， ~XBDR5; 口， ~XBDK51R/R5. 
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Fig. 7. Insoluble xylarトbindingof wild-type and mutant GST同
XBDs in the abs巴nce(open bar) or presence (shaded bar) 
of 10 mM CaCb・

GST-XBDs were incubated with insoluble oat spelt xylan at 
room temp巴ratureand pH 7.5 for 3.0 h. Th巴residualGST activity 
in the supernatant was determined. The decrease of activity in the 
supernatant corr巴spondsto the protein bound to xylan. Th巴mean:t 
SD of triplicate experiments is shown. 
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0 
30 60 90 120 0 30 60 90 
Reaction time (min) Reaction time (min) 

Fig. 8. Insoluble xylan-hydrolysis by wild-type and mutant XynJs in the absence (A) or pres巴nc巴(B)of 10 mM CaCl，・

The reaction was carried out at 37
0

C and pH 7.5 using oat spelt xylan as an insoluble substrate. An increas巴ofreducing sugars was moni-
tored at several points by the conventional method and expressed as xylose equivalent. .， wild-type XynJ; .....， Y237A; 11， D313A; .， W317 
A; x， D318A. 

120 

with Tyr237， Asp313， Trp317 and Asp318 as well as the 
second xylose residue. In addition， it seemed that the xy-

lose ring at the nonreducing end might be wedged be-

twe巴nthe aromatic side chains of Tyr223 and Tyr237. (S 
/'バニベ一一~Vミ'( Tvr237 
0"〆 Ca-2ド¥I(Main-chain) 
Y 司h 凸 O

Tro317¥ '0ぷ/
(Mairi-chain) ) Aso318 

/ (Side~chain) 

Fig. 9. Schematic diagram of th巴coordinat巴bondsto Ca2+. 

100 
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司、，
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Wild Y223F Y237F Y223A Y237 A 

Fig. 10. lnsoluble xylmトbindingof wild-type and mutant GST同
XBDs in the pres巴nc巴of10 mM CaCl，・

GST叩XBDswere incubated with insoluble oat sp巴ltxylan at 
room temperature and pH 7.5 for 3.0 h. 

dues were replaced with Phe or Ala. Insoluble xylan-

binding of wild-type and mutant GST-XBDs in the pres-

ence of CaCb is shown in Fig. 10.'4) Mutants Y223F and 
b' 

Y237F showed the sam巴 bindingrate as wild-type GST-

XBD. On the other hand， mutants Y223A and Y237 A 

showed a rather lower rate than wild-typ巴GST-XBD.The 

Kd values of mutants Y223F and Y237F were the same as 
that of wild-type GST蜘XBDin the presence of CaClz 

(data not shown). On th巴oth巴rhand， mutants Y223A and 

Y237 A showed higher Kd compared to wild舗typeGST-

XBD. These results indicated th巴importanceof the stack-

ing int巴ractionsbetween the xylose ring and the aromatic 

sid巴chainsof Tyr223 and Tyr237. 

Insoluble xylan-hydrolysis by wild-type and mutant 

XynJs in the presence of CaClz is shown in Fig. 11.'4) 

Mutants Y223F and Y237F showed almost th巴samehy-

drolyzing activity as wild-type XynJ. On the other hand， 

mutants Y223A and Y237 A showed rather lower activity 

than wild-type XynJ. These results corresponded to those 

obtained with mutant GST-XBDs. 

Mutatiolls of the residues that coordinateωa Ca2+ of 
the XBD. 
In the XBD/xylotriose complex structure model， Ca-2 

se巴medto interact with Tyr237， Asp313， Trp317 and 

Asp318， as well as a xylose. These residues were replaced 

with Ala. Insoluble xylan-binding of wild-type and mutant 

GST-XBDs is shown in Fig. 7.'4) In the absence of CaCb， 

all the mutants showed low巴rbinding rates than wild-type 

GST-XBD. This result indicat巴dthe importance of these 

residues in insoluble xylan-binding. Binding rates of mu偏

tants Y237 A and W317 A increased by adding CaClz， aト

though those of mutants D313A and D318A did not. Mlト

tants Y237 A and W317 A showed higher Kd value com目

pared to wild-typ巴 GST-XBDin th巴 presenceof CaCh， 

although binding rates of the mutants D313A and D318A 

were too low to determine the Kd values (data not 
shown). 

Insoluble xylarトhydro1ysisby wild輔typeand mutant 

XynJs is shown in Fig. 8.'4) In the abs巴nc巴ofCaClz， all 

the mutants showed lower hydrolyzing activity than the 

wild-type XynJ. Hydrolyzing activity of mutants Y237 A 

and W317 A was improved by adding CaCb， although that 

of mutants D313A and D318A was not. These results cor-

responded to thos巴obtainedwith mutant GST田XBDs.

Figure 9 shows the coordination bonds to Ca2+. Ca舗2
seemed to coordinate to 0 of Tyr237， 001 of Asp313， 0 
of Trp317 and 002 of Asp318， as well as 02 and 03 hy-

droxyls ofaxylose residue. When Asp313 and Asp318 

were replac巴dwith Ala， the coordinate bonds to Ca2+ 
would completely break and Ca2+ would not be taken in 

any more. Wh巴nTyr237 and Trp317 were replaced with 

Ala， the main-chain 0 atoms that coordinat巴dto Ca2+ still 

existed. It was thought， therefore， that Ca2+ was compeル
sated and binding of the mutants Y237 A and W317 A in-

creased by adding CaClz・

Mutations of the residues I11 the XBD 
agaillst a xylose rillg. 
The aromatic side chains of Tyr223 and Tyr237 might 

make stacking interactions with a xylose ring. These resi-

that stack 
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xylan as an insoluble substrate. e， wild回typ巴XynJ;A ， Y223F;園，
Y237F; .， Y223A; X， Y237A. 
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Fig.11. 

Conclusions. 

The characteristic salt bridges found in the CatD are 

shown to contribute to the alkaliphily of XynJ. Reinforc-

ing the salt br対geformed by Asp14 and Lys51 caused an 

alkaliphilic shift in optimum pH. Introducing five Arg 

residues on the Ser/Thr surfac巴 isalso effectiv巴 toirrト

prove th巴 alkaliphilyof XynJ. The amino acid residues 

Tyr237， Asp313， Trp317 and Asp318 of the XBD are im-

portant for xylan-binding activity， because the XBD binds 

to xylan via Ca2+ that is coordinated to by these residu巴s.

The aromatic side chains of Tyr223 and Tyr237 also play 

an important role in xylan-binding. Xylan hydrolyzing ac-

tivity of XynJ is closely correlated to xylan-binding activ-

ity of the XBD region. 
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立体構造に基づくアルカリキシラナーゼの

機能ドメイン解析と好アルカリ性向上

梅本博仁谷津里沙高倉 i~! ， 八波利恵1

福居俊昭中村 聡i

1東京工業大学大学院生命理工学研究科

(226-8501横浜市緑区長津田町 4259-J2-13)

好アルカリ性Bacillussp. 4IM-I株が分泌するキシラ

ナーゼ J(XynJ)は，反応、の最適をアルカリ性域に有する

新規な好アルカリ性のキシラナーゼである.本酵素はマ

ルチドメイン酵素であり，糖質加水分解酵素 (GH)ファ

ミリー 11に属する触媒ドメインおよび糖質結合モジュー

ル (CBM)ファミ 1)- 36に属するキシラン結合ドメイン

(XBD)からなる.GHファミリー 11中'性キシラナーゼ、と

の立f木構造比較の結果， XynJの触媒クレフト内部にはい

くつかの特般的塩橋が存在することがわかった.特徴的

塩橋を構成する残基にアミノ酸置換を導入した変異型酵

素を調製し，性質検討を行った.塩橋を破壊した変典型

酵素においては反応最適 pHの酸性側へのシフトが観察さ

れ，特徴的塩構は XynJの好アルカリ性に重要で、あること

が明らかとなった.一方，触媒クレフトに存在する特徴

的塩橋の強化により，野生型酵素では pH8.5にあった反

応の最適がpH9.0にまでシフトした.さらに，タンパク

質分子表部への過剰の Argの導入も XynJの好アルカリ性

向上に効果的であった.グルタチオンーs-トランスブエ
ラーゼ、と XBDとの融合タンパク質を用い，アミノ酸置換

を導入した変異型 XBDのキシラン結合能を調べた.さら

に， XynJのXBD領域に同様なアミノ酸置換を導入し，

それらの不溶性キシラン加水分解活性を調べた.その結

果，いくつかの Asp，TrpおよびTyr残基がXBDのキシ

ラン結合活性に重要で、あることがわかり，不溶性キシラ

ン加水分解活性はキシラン結合活性とよく相関していた.

***** 
〔質問〕 築野食品工業橋本

1) XBDの有無が反応最適 pHに影響を与えているが，

L'1XBDへの変異導入による pHプロファイルの変化は，

XBDを含む全領域の酵素とした場合においても同様に反

射とされるか.

2) L'1XBDへの変異導入による pHプロファイルの変化

は， XBDを含む全額域の酵素と不溶性基質を用いた場合

にも同様に反映されるか.

〔答〕

1 )可溶性キシランを恭賓とした場合， XBDを含む全

領域の野生~XynJ の反応最適 pH は 9.0 である.一方，

L'1XBD反応最適pHは8.5であり， XBDの有無により反応、

最適pHにより差が生じる.反応最適pHが酸性側にシフ

トしたいくつかの変異体においても， XBDの有無により

反応最適pHに0.5ユニット程度の違いが生じることが確

認されている.反応最適pHがアルカリ性側にシフトした

変異体についてはまだ調べていないが，同様な結果が得

られるものと考えている.

2) pHプロファイルの作成に際しては反応初期速度の

測定が必須で、あるため，基質にはもっぱら可溶性キシラ

ンを用いてきた.基質に不溶性キシランを用いた場合，

反応初期速度のiJlIJ定に誤差が生じることが予想される.

したがって，可溶性キシランを用いた場合とまったく向

ーの結果となるかは不明であるが，少なくとも同様な傾

向は得られるものと考える.

〔質需〕 信州大・工天野

種々の変異体について加水分解反応の pHプロファイル

をみているが，タンパク質の構造変化に伴って基質との

結合が変化し，そのことによる生成物の変化が結果に影

響を与えている可能性は考えられないか.

〔答〕

ト分に考えられる.反応pHを広範囲に変化させた場

合，タンパク質(酵素)だけでなく基質のキシランも構造

変化することが予想される.野生型 XynJのpHプロファ

イルは二峰性を示すが，これは pH変化に伴って酵素と基

質の両者が構造変化を起こし，両者間の相互作用が最適

となる pHにおいて活性が極大となることによると考えて

いる.ただし，野生型XynJによる加水分解生成物は主と

してキシロピオースおよび、キシロトリオースで、あり，こ

れは pH6.0およびpH9.0のいずれの反応pHにおいても

同様であった. したがって，酵素一基質問の相互作用は変

化しでも，反応産物は変化しないようである.アミノ酸

置換を導入した変異型酵素についても， pH変化に伴い醇;

素基質問相互作用が変化することが予想される.一方

で，反応、最適pHが変化した変異型酵素による反応生成物

に関しては調べておらず，今後の課題と考える.
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