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o . I ' Abstract

A}

Xylanase from aleurone layers of Hrmalaya barley was purified by preparative

? I

1soelectr1c f ocusmg and a Sephadex G- 200 column 'Fhe molecular weight of ‘the enzyme was

3
found 1o be 14 or. 27 l(rlodalton deterrmned by sodrum dodecyl sulfate’ polyacrylamrde gel

\elecuophoresrs or Bro Gel P-200 chromabqgraphy respectlyely The 1soelectnc pomt was 4. 6

'The enzyme had maximum actrvuy at. pH 5 S and at 35 C Tt was mosr stable at. pH S 6 and at

. -0 4 C The Mrchaelrs Menten constant was Q 86 mg of xyldn/ml, The ef f ects of some lons and

3 mhrbllors on: the actlvrty Were also studied.

o The acuvmes of xylanase m aleurone layers and a- amylase in the mcubauon medrum »

evelop srmultaneOUSly durmg the fust 24 h mtubauon with grbberellrc acrd The release of .

= ‘adamylase mm the medrum is detectable it 6 h In the presence of - grbberelllc acid, higher

o : levels of xylanase are rnduced From 2 o 6% of, the aleurone cell wall is hydrolyzed by

v ':“xylanase after 6 h mcubatron probably suffrcrent tQ permrr the release of a- amylase-

: "‘.‘_.’_glbbarelhc acrd V . ‘}.‘ ot

: mhrbmon of xylanase synr.hesrs arrd rel'ease by "chlorpromaune"and tnﬂuoperaz.ine

Scanmng elecuon mrcroscopy showed that, punf ied xylanase hydrolyzed the aleurone cell w’alls

in the absence of grbberellrc acid. ’I‘hese observauons suggest Lhal xylanase plays an rmporranr ‘

role m the release of hydrolytrc enzymﬁ f rorn the aleurOne cellsy o
e,\

. cyclohexrmrde and by cordyceprn Studles by densrty labelrng ol' barley aleurone layers m Lhe:

R

The producuon of xylanase m response to grbberellrc acrd was mhrbrted by o

""were performed Densrty shrfts of 1 1 and 0 9% were obtarned rn Lhe presence of D,O and

;.,J"H,"O respectrvely 'l'he results mdrcate thal xylanase was synthesrzed de novo m response to -

/

.
'

'
H

R The' synthesrs of xylanasa was dependem on both grbberelhc aexd and Ca" Stronuum" j'f"

ions and Mg" could replace Ca" f ot xylanase synr.heers 'I'he concentrauons of Ca” thal gave, Do

manmum xylanase mducuon 'were 5- 40 mM Calmodulm did not rmprove xylanase activity )

‘ ,from that obtamed in the presenee of grbberellxc acrd and Ca" however 1t mrmmized the T

’
[

o~

‘ ‘presence of grb‘berellrc acrd wrth D,O or wrth H,"O and rsopyemc eqmlrbnum sedrmentauon
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gibberellic acxd i

gibberellic acid A s
inner diameter

kilodalton

microcurie . . : ,

messenger ribonucleic acid

milliunits

mcounamxde adenine dmucleoudc (reduced form)

mcotmarmde adcmne dmucleoude phosphate (reduced f orm)
3

_ polyacrylamnde gel electrophomxs

N
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A : ‘ A

pl- o “ i;oclcclric point

PIEF , ! A ‘ pre(par.alive isoelectric focusing

p?ly(A) ) polyadenylic acid

R”NA : rib;)n'uélcic acid

sD ‘ C standard deviation |

SDs: , sodium dodecy! sulfate

193 SR _‘..' trifjuoperazine ﬂ

Ta;is | 2 -amlfﬁ;)—2 -(hydroxymelhyl)l ~1,3- prOpancdiol
Vh, C | vo,lhhouri - | 'I
. Vmax . _:m‘axin}um ve‘locily

X: , ; *ylémasc

s
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s l INTRODUCTION
Onc of the most lmporram events durmg seed gcrmmanon lS the supply of nutrients

to the growmg embryo. For monocotyledonous seeds, such as: barley the cndOSpcrm is the

nutncm srorage site. The mbbilization of the nutrients is comrolled by hormoncs called

-

grbberellm or grbberellrc acids (GA), whrch are produced W™ the cmbryomc axis and

transported (0 the aleurone laycr (Joncs 1973a). Glbbcrcllrc acrd mduccs m: de novo synrhcsrs

‘of many hydrolyuc enzymes, mcludmg a-amylase (Frlncr and Varner 1967) and prorcasc

(Jacobscn and Varner 1967) within cells of thé aleurone layer Gibberellic acid also induces

the release of these cnzymcs and ou:e: protems f rom the alcurone laycr rnro the cndOSpcrm

The release ol" these hydrolases is qf mtcrest It has been shown ‘that their release is

'

i
'

accompameq by dcgradanon of the aleurone cell wall (Ashford and Jacobsen 1974, Jones

1

1969¢, Jones and Price: 1970) ln addition., it hasr becn dcmonstratcd lhar lhe rcleqsc of

[ s -

a- amylase Lhrough the aleurone cell wall IS drffusron hmltcd (Varncr and Mcnsc 1972) and

the release of 4cid phosphatase through the cell wall occurs when the cell wall is dcgraded

(Ashford and Jacobsen 1974). Smce the prmcrpal polysaccharide of the aleurone cell wall is

‘arabmoxylan (McNiel et al. 1975)* xylanase, wmch hydrolyzes Lhe xylaq baclrbonc ol‘ this

: »compound may play an unportam role in the aleurone cell wall hyd‘[plysrs However, very‘

lrttle work has been dorie: on barley aleurone xylanasc ln facr xylanase { rom higher plants* v

'

has never been purif red and characlenzcd ln comrast to plam xylanasc. xylanascs f rom plant
pathogens (e.g. fung1 and bactena) have becn extemxvely studred (sec review by Dckkcr and

Rxchards 1976)
DA
. The mtem of Llns rcsearch was (o xsolatc punfy and cbaracrcnzc xylanasc from barley,

aleu.ronc cells and mvcsugate its role with rcspect to the dzgradauon of the aleurone ccl] wall ‘

" and the release of hydrolyuc enzymes (e.g. a- amylasc) and mns (e g ‘PO, ) Thquypthcsxs

: and releasc of xylanasc in response lO GA, (Lhe most commonly used GA in, thrs freld) and. o
'the mﬂu;noe of factors such as Ca" and calmodnhn wmch are rcponcd o play a role m thc

i synthesrs and felease of barley alcurone a- amylase (Jones and Jacobscn 1983), are also “

H
(B} R
RN



studied. .
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‘A Xylanase occurrence and action, R ¥ 8 .
L ! J - ' ! " v - . N A

Xylanases are enzygm that hydrolyze D- \ylans W D- ollgoxyloses or D- \ylose and ¥ “

‘o "\Ir‘"

‘D- ollgoxyloses and they belong to a group called hemrcellulases There arc (wo types of o
W ylanases namely, B- 13 D- xylanases (EC 32 1 72 and EC 32 1. 32 l'or exo- and. : o

' endoxylanases respecuvely) that hydrolyze B- l 3 hnkages of D xylan and ,8 l 4 D- xylanases _ ;";‘ x
(E C 3 2 1. 37 4nd E.C. 3. 2 18 {‘or exo and endoxylanases respecuvely) thal hydrolyze ‘ !
B i, 4 lmkag\es of D- xylan (Internauonal union of brochemrsts 1979). .The B-1. 3 xylanases are

rare and found only in mrcroorgamsms Knowledge of thls type of xylanase is lrmued The
. B- 1 A xylanases have been detecred m many nncroorgamsms mvertebrates marine algae and“ ;-
higher plam seeds mcludlng Lhose of whear malze rye and barley (Dekker and Rlchards ‘ -

197,6 Preece and McDougall 1958) The term xylanases in the res; of thls thesrs refers lQ r:lg

rhe ﬁ 1,4- group T ‘ PPN f U . S
",\' | There are rwo major rypes of xylanase based dn rhe modes of action ‘on the subsuarc

xylan namely, exo and endoxylanases Hydrolysrs by exoxylanase starts from the terrmnal,.

; ‘ e

lmkages of the subsrrate and ;ltS products are xylose and olrgoxyloses. wmle hydrolysrs by

¢ endoxylanase sta:rts in the rruddle lrnkages of the- subsuate and its products are ol:goxyloses . '

v
V]
'

'

Barley aleurone layers peruce both exo and endoxylanases ‘but, endokylanase appears to be o

’

o Lhe maJor type produced in response o grbberellrc acid (Das’hek and Chnspeels 1977 Eastwell‘éf :

K 4 K -
B (
-' ' - I . n R "y - f

“ - :‘., h ,: LT S R - ;‘4 ' ',“‘ <"" i ;»‘ - s o . N "‘.l"‘:‘ - o
‘ ] oo oo Co 9 * 4 - ® " : ' o S e
"', ". "”"-‘ o ‘ ' ‘.‘. ! ::'r, ' .*‘”—r % ) LA P ot ) :,"1 _
R R PR DA G me
B Sequence of events dunng seed germrnation P RS
= The classrml hypothesrs of the events that take place durmg cereal»seed gerrnxnatidn rs " N
% Dl

dlustrated in Frgure 1 The embryo produces a plant grqvn.h regulator GA wlnch diffuses

from the embryo mto aleurone cells that surround t.he endosperm ln response o0 G,A the iy T
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Figure_,‘ 1. Diagram‘ma’tic represemauon. of - ‘the. relauonshxps among production of’ . - .

/ » l ‘ - ) ' o F

'glbberelhc acxd (GA) hyqrolyuc enzymcs and solutes~ m germmatmg barley s.eeds

. (N
Aoy 3 S :
GA produced' by the colcopule and scutellum (1) mngratcs mto aleurone layer (2) ¢
‘4 ' \l '!‘ ;
'and mduces the alcuronc cells 10 synthesnze hydrolyuc enzymes L}m are’ thenA released e
' -‘mlo (he endosperm (3) These enzymcs hydrol}! the rcserves in the endosperm (A),‘ - .
o ‘,,_,. ., K AR &
v~producmg solutes lO nqurIShv the ‘.growmg‘ cmbryo -(5). Mo&f;ed fxom Jones and
A N G - : ' v ‘:‘ v X s . .. i
Armstrong 1971 L e R :f N
o e : \: ) ‘ ot ) ! "' J‘.r o . -A\": ) o '..‘ ,..:-7
‘., (s‘:» . ' 2 Mo, 4 o
NN K \ B . A ) e " S LMy ‘,’ ‘
. l N :. - . ’,\ | i I . ,‘.' r . ,“lri;( , y . 1, “’ i i . 'R
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A o

AT compounds ’l'hese hy

T

fqutrc products are rhen transported back to 1he embryo and used for, e

LS, growth Thrs classr Y| hypothesrs 1s generally accepted and 1s supporred by 2 number of

hnes of evrdence mdudmg ‘tbe drscovery of GA in [he embryo as revrewed DY 'Jones (l973a)

.l,

The major GAs that have been reported 10 be presem m the’dry seed and/or gerrlunaung

r

'R

barley are conjugates of GAl GA, and GA. (Atzom and Werler 1983 Groar and Bnggs

'l969 Radley 1967) l—lowever it ls now comroversral as ro wherher the conjugares }of GA At
L \ , ‘) ' .

produced in. the embryo rake part m lhe enzyrne mducuon in aleurone cells Atzorn and

A

Werler (1983) f ound "that GA. ls produced by aleurone layers wmle Gllmour andeathYllan | Sy
o R ." oo

(1984) could noL derecr any GA. ln germmaung barley seeds. Thése lOplCS have been ~recemly

T R 1.
revrewed (Akaz.awa and Hara lehrmura 1985 Atzom and Weller 1983 Trewavas 1982) e
Vo " . ‘ A."“ o ,v\‘ [ l‘ . ‘ - .;‘ R :\ -
C Composmon and structure of aleurone cell walls‘ DT P N

o ) s P - X '.4“\" L Sy
I 4 \ - . . N ' PR

o ‘ The aleurone layer of barley sced consist’s"'" of "living non dlvndrng and i :

i ol :
o J o “ i
' \ T o)

,,‘\"} " pon- drfferenuaung cells The layer is' 34 cells thck The aleurone oells have umque A
C haractenstrcs 'l'lleyl have no vacuole but thrck cell walls aleurone gralns (prorem and phyun | .'r"\' "

storage) and spherosomes (lipid, storage fones l969a) Barley and wheat aleurone cell walls )

' f » !
»

AR are dlsunctly brlayered (thick Quter and. thm mner wall layers) wrth a mrddle lamella (Bacrc }
o

and Stone 1921a, Jones 1969c). An abundance of plasmodesrnata rs also observed (Bacrc and

Stone 1981a Taiz and Jones 1973) Aleurone cell walls of barley are cérnpoSed of rwo major B ’.

polysacchandes arabrnoxylan and 1.3; 1 4 B glucan (Bacrc and Stone l981b Mchel et ql

"A', ’ 1975) Arabmoxylan whrch 1s about 85% of total wall composrbon hasfl *B l4 xylan’l ‘.'

%ackbone wrth 33% of the xylosyl resrdues substimted rat the 2 and/Or 3 posmon wxrh smgle

- ’arabmofuranOSyl groups (Mchel et al 1975) Cellulose protem (wuh no dctectable* Lo

; l




e T In thc pl’eseﬂce Ot UA). many CnangQS ln aleuruuc S.Cllb alC vudCL 'W GULIME v Aot )
= L . ' SN L " .
24 b pf germinauon These changes mvolve prolrrerauon of endoplasmrc reuculum (ER) '

. .
G v o \

drstenuon of ER cxsternae polysome forrnadon and prohferauon of v.esxcles from ER and

N .
W S (I

Ny drctyosomes (Evms and Vamer 1972, Jones l969c) The slze of the aleurone grains, and the "

wd " numbers of spherosomes and mrcrobodres decrease whrle numbers of plasuds mcrease and ‘ .

Yy
~

vacuqles begm to form (Jones 1969b Jones 1969c Jones and Pnce 1970) The developmem of

Rt Y \'\_,. ' 1

T mrtochondnal cnstae is | enhanced dunng the 1mbrbruon.‘H0WCVCT.»a Cr)’Sta“me mdlusron
' ! l

,l‘ et Y '

develops ;n the mitochdndna 74 h after dA, Lreatmem and tlus may be related lO lhe.“"'*'

"
r N N \ . l l

‘ ; degeneration and subsequent reduced oxygeq tonsumptton of Lhe aleurone cefls (Jones and W

Pnce 1970) o e ) ST ‘, Lo S “\‘ Nl

Degradauonlof the aleurone cell wall is also observed (Ashford and Jac.obsen 1974 '

Pomeranz 1972) Secondary (mner) walls are degraded after 20 22 b ot’ exposure Lo G

| : Co

.l' (Jones 19690) However the mnermost part of the wall regxon wmch based on sta'

propemes has a drfferene but unknown chermcal composmon from the rest of the wall s .

'\e

v L) R R

resxstant to bydrolysls (Ashford and “Jacobsen 1974 Tarz and Jones 1970 Tarz and Jones

. '
’ . f

v 1973) The syn[hesxs of pentose comarmng cellrwall macromolecules decreases (Johnson and
. ! l’ "o

Chnspeels 1973) mlnle the release of cell wall pengoses mcreelses (Dashek and Chnspeels

. A 0 A
N .» .

AR I L . . . \
," 1977) P T S T N R \ o .
A 1 (RN v \ . [ U Lo '
L ".” At T A N I A S Vo P L Lo

E Biochemlcal and physrologxcal changes during germmanon ‘ ~;‘5“‘,¢ .

it Dry seeds reSpirc at a very low rate but onee they Lake up Water the seeds begm to

. .
v v \ *,

R gerrmnate Re§plratlon_ by the embrYO the aleurone layer and other lrving ussues drarnaueally

mereasw to’ provrde the energy (ATP NAD(P)H) for bxosynthenc processes (Bewley and

"v o ) 7

“,‘ treatedv aleutone" layers ‘],'.Many hydrolytxc enzymes are syntlmxzed and/or

v l'*" s N 0, LS . ‘-\
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Remvs oo or T I

.

Y
enzymes in thrs group melu_ch%x amylase and some proteases ‘I'he secohd group of enzymes

requlres GA, only for therr release but n0t P or therr synLhesrs Examples of enzymes in thrs l

grOup are ﬂ glucanase acrd phOSphatase and nbonuclease I : : ; ‘ ' O‘ -

Among the hydrolascs produced by aleurone cells ‘a- amylase is the mOSl abundam
protein (about 60% of total prorem synthesrzed afrer 23 h mcubauon with C;A ) and Lhe mosr
e extensrvely studled It ls synthesrzed de novo ln response 10 GA, (Frlner and Varner 1967)
The GA, 1nduced mcrease in a- amylase symhesrs results from Lhe mcreaSe in the level of

mRNA for a- amylase’ AmylaSe m cereal seeds has been revrewed by Ho (1979) Ho (1980)
and Ho(1985) ‘ R - R R

' !
A

F. Ce“ WalMlydtolyzmg enzymes and GA, L S Y

)

‘ Based on the composition of aleurone cell walls phe %zymes that mlght be lnvolved
. m Lhe cell wall degradation - of - barley aleurone are B- 1.4- xylanase B- xylopyrano$ndase
‘ \\ L s

"

k oo a arabmofuranosrdase protease ﬂ glucanase and cellulase However GA, only enhances Lhe ‘

acthlty of Lhe first four of these enzymes 1n lsolated aleurone layers (Jacobsen and Varner

!

1967 Taxz and Homgman 1976). The actmty of » B glucanase lncreases pnor to exposu‘re to
GA, (Bennett and ChnSpeels 1972, Jodes 1971 Stuart 1986) and no’ GA, sumulaled ~ccllulase
- is detected (Tarz and Homgman 1975) ‘I‘here appears to be no"clear evrdence for degradauon Co

: of cell wall proteins, although a wall- bound protease has recently beennreported m Ph eolus

Y

vulgarxs leaves (Fry 1985, Van der Wllden et al 1983) “{1 .?;,:‘f v

e Among the Lhree GA, mduced arabmoxylan hydrolyzmg enzymes the lOtaI cuvu.y of |
xyla.nase is much lugher than the acuvrty of the other two enzymes (Tarz and Homgman S
1976) It was found that endoxylanase rat.her than emxyla,nase xs responsrblc for the m:tlal

degradanon of arabmoxylan in mro (Dasheln and Chnspeels 1977 Eastwell 1981) e o




‘.l"

major ones bemg GA, abscrsro\acxd (ABA) and ethylene The control lS via the synthesrs :

and/or release of pamcular hydrolytlc enzymes and protetns The studres on the- aclron of .

plant hormones usually use the classrcal aleurone tlssue as an expenmental system srnce the

ussue consrsts of a homogeneous cell type and is only a few cells in depth so a umform o

A

‘ rcsponsc should be casily obtarned (Eastwell 1981)

| o GA, and ABA haye been reported to mduce the synthesxs of many protems (Ho 1982 o

Mozer 1982) ln aleurone cells, the GA, mduced actlvrty of a- amylase and protease qs

lnhrbrted by ABA probably by protein mhxbttors mduced by ABA (Hammerton and Ho 1986
nggms et al 1982 Mozer 1980) Ethylene can. prevent the mhxbrtory effect of ABA on

' vGA,~enhanced ar amylase in aleurone\layers (Jacobsen 1973 Tlttle and Spencer 1986 Varty et
i .
“al. 1983) It was f ourld o, increase the release of a- amylase mto the medlurn as well (EaStwell L

and Spencer 1982a Jacobsen 1973 Jones 1968) In addmon ethylene enhances GA, mduced‘

N\

xylanase actlvrty in aleurone Jayers (Eastwell and Spencer 1982b) “ PR

"
[

oL o ! T
e Calcrum has been demonstrated 10 enhance the secretion (Moll and Jones 1982 Vamer

\and Mense 1972) as well ‘as’ the synthesxs (Jones and Carbonell 1984 Mrtsut et al. 1984) ofl

-
a- amylase Moreover the Seerenon of other. hydrolases €. g acrd phOSphatase. .3 Slucanase

4\

carboxypepudasc. \proxease and nbonuclease ts also Ca’ dependent (Hammerton and Ho. :

. “r’

‘ , 1986 Jonwand Jacobsen 1983) Other factors that may regulate the producnon of hydrolases
\‘ m the gcrmmatmg seed are osmoncum resultmg froml hydrolytrc products (JOnes and
Armsuong 1971)l cAMP ADP (Galsky and Llppmcott 1969) helmtnthosponc acxd

helmmtliosporol (Okuda e al 1967) tnd CO, (Tlttle and Spencer 1986)\ ' ‘

- . S
! ' P ! ",l »




T L Barley seeds (Hordeum vulgare L cv.. H:malaya 1979 harvest) were obtamed f rom the i

o

Agronomy Department Washmgton State Umversuy, Pullman Washmgton USAo T he TCdS 4

' oL K " B ."‘ “.‘ O . N . [ L VAL
- /A Matenals e T \ Dot EPICI .\

were stored at 4C ina sealed glass jar unul used ' o R ;\\\
All chetnxcals used were exther analyucal or reagent grade l'rom J T Baker (Canlab

P

dmonton Alta Canada) Blo Rad (Bro Rad Laboratones chhmond CA USA) Flsher

(Frsher Screnttflc Edmonton, Alta Canada) LKB (LKB Produkter AB Bromma Sweden) |

NEN (New England Nuclear BOSton MA USA) Pbarmatra (Pharmacxa (Canada) lnc l\

Dorval Que Canada) Srgma (Slgma Chemlcal Co St Lours MO USA) and Whatman\.
‘\ ,« . lv. [

v(Whatman L., Maldstone Kent UK) S I

B Preparanon of half-seeds | R ' 4 L : o "I'\.-f"
Healthy seeds- at’ least 6 7 mm in, length were selected {or the expenments Hall‘ seeds =
“ o l'

of barley were prepared accordmg to the procedure descnbed by Chrlspeels and Varner
(1967) The Up (apprommatery 1 mm) of drstal end of each seed was cut off and f rom thal”

pomt a 3 -mm length of‘ the seed was cut. Thrs 3 mm segment of the seed was l“ reed’from the

- : embryo pomon and 1s called a half seed

.Ope: hundred half swds were surf ace stenlrzed by soakrng in * SO«ml ol‘ 75% (v/v) eth’yl,," !

]
il

alcohol for 2 min and nnsmg tmce m 100 ml of stenle dlstillcd water All steps in stenlrzauon‘

of half seeds were performed on a UV stenhzed lamlnar t‘low"bench (Edgegard Hood model -

\"l'
AU

G 425mer Co.; Inc Sanford ME, USA) Approxlmately wo rnl of 01 or 1% (v/v)

NaOCl was then added to the half mds and left for 20 mm The half seeds were nnsed t.nree“'"‘,,ﬂ

r'“" e..‘

tu'nec 5 nnn each wrth 100 ml of ste?lle dtstllled water Stxty to one. hundred stenlxzed .
half seeds were plawd m a 250 rnl stenle culture l'lask contarmng 3 layers of Whatman No 1 o

‘ ,ﬁlter paper (7 cm diameter) wrth 15 ml of stenle dxsulled water The flask was wrapped m;."

{ i . . . . . : l' ‘}
! : ) 3 (_ o ' ‘.}"" o '
R T X
o ' ' el

i oot \\' R
' K

r‘.' . !
R .



C Preparatlon of aleur ne layers

\ R v ' N,

Aleurone layers were prepared f rom half seeds [hal had been tmbnbed for 4 days as .

3

descrtbed above lf there was any sxgn of mrdrobtal contammatlon the contents of the l‘lask

werle dtsc‘arded ,The mi Erobral contaminatr(m was checked on a nument agar plale (Ftsher)
o Aleurone layers from lmlf seeds stehltz.ed m d% NaOCl were separated f rom the endOSperm

R . o

"
Q '

. e Ihalf -seeds dtsmfected ml 0.1% NaOCl had aLtached swd coats and are called aleurone layers

- Tl'le:'se arated, layers were then nnsed wrth Stenle drsulled water unnl the were f ree of any
Ahe.sep 3 y

* " éndosperm residue, . e B

_fe layers,were mcubatcd at 22 on ZSC m etther culture mbes or
: 4

i
Y

\

SR syntlmts or xylanase) Any \} tions' in the mcubatlon edmm used ‘are stated for each

expertment 'l'he pH of buffers throughout ‘the th 3is was 5 5 at 25;C unless stated

-/

‘ '
o otherwrse (Xylanase was found to’ most _stable and acnv . at this pH.) .

o and md coats These seed coal f ree layers are called tsolated aleurone layers The layers f) rom o

"used was’ erther closed Or ﬂow through (Eastwell and Spencer :

'

i

inhlblt xylanase actmty. theref e, NO, was used mstead Chlonde lons drd not mhlblt the :



/‘"

S
[

-d

descnbed by Taxz and- Homgman (1976) Larchwood xylan legma) was punned by alx‘aune

)y ¢c1p1tauon (Jerrnyn 1955) *In early expenmems the substrate solunon consxstcd of .

O 075% (w/v) punf;ed xylan in 20 mM potasslum acetate buffer and 20 mM CaCl, (pH 5. 5)

g ' A \‘1 -

For all subsequenl work 0 2% (w/v) punf 1cd xylan in 20 mM succmate buf fer and 2 li

i
\l o

Ca(NQ ), wa% used because u Was forrnd laler that 0 2% xylan gave mghe: acnvuy man‘
AN ' M 'i N
g 075% xylan Thc suspensmn was' boxled or 1 mm to dxssolve Lhe xylan and allowcd {0 cool_‘
"‘ v ‘ "' v . ! o " n ‘v_*l“‘

[ o, s SR
3 . . . " ! . . v
. " Lo » 3 "o . IR *
- . L

\

Thc assay was: performcd by m1x gl ‘ml of xylan sojuuon and O 4 ml of sample at \‘

30(‘ for 60 mm The rcducmg groups for ‘ cd were detcrmmed by the Nelson method (1944)‘ ‘

.v‘/ W
et |

\I‘, "

/-—-,'ﬁ [

'.'\’ ‘n \ lt

The protem concenuauons"wetc evalua 6d by the rmethod of Bradford (1976) ‘wnth
N ' S [ R ] N
bovme serum albumm (fract;c?n .V Sigma) as a standard Absorbancc mc%surcmcms at 280 !

o~

I
o . R



n., .n
,f“ ‘, A suspcnsxon of Sephadex G-200 SF (Pharmacxa) was prepared in deionised dlsulled watcr

- Enzyme preparation.

'.“'Two hundrcél isolalcd aleurone layers were incubated for 72 h at 25°C in 250-ml sterile

. AR
culture flask lhat comamcd 40 ml of 20 mM succinic acxd 20 mM CaCl, and 10 uM GA, (pH

,r‘

55) ‘The ﬂabk was supphcd with hydrocarbon-free air in a ﬂow through syslcm (Eastwell
and Spcnccr 1982a).
* " All subsequent purification steps were performed at 4C. After 72 h incubation with

GA,. the enzyme was isolated from the incubation medium as follows, The medium was

. ccntfifugcd at 20,800 g for 10 min'to clarify it Thc cnzyrﬁe in the supernpatant solution was

concentrated by precipitation overnight with (NH.),SO, at 15-85% saturation. The precipitate

;was collected by centrifugation at 20,800 g for 10 min and kept in saturated (NH.)},SO, until

énough sample was abtained. The precipitate was scparated,frém the saturated (NH,),SO. by
centrifugation. redissolved in 20 mM potassium acetate buffer and dialyzed against the same
buffer for 24 h, The dialyzéd‘ solmion was cemrifugcd and concentrated by a Centricon

. A | . i) .
. microconcentrator (Amicon Canada Lid., Oakville, Ont, Cana'da), The concentrated sample

~ was applicd‘ td""la,‘preparative isoelectric Tocusing gel with Sephadex G -200 SF as a support

meédium, = - . . /

Preparatlve tsoelectrlc Sfocusing ( PIEF )
Thc systcm of PIEF us¢d here was essenually as described by Frey and Radola (1982)
The gcl suspcnsu)n was then mixed wuh 40% (W/v) ampholyte (Ampholine, LKB) to get 2%

(w/v) concentration wuh pH 4 10 6, prepared by mixing 4 parts of pH 3.5-5 ampholyte with

'\" 1 part of pH 5 7 ammmlyte The gel, 3-mm- thxck was formed on a 1-mm- nuck glass plale

(14 x 20 cm)

€

- The enzyme sarnple was applxed as a’streak on a gel surface wnth a 1-ml tuberculin

‘ syringe.g needle No. 26G1/2. Pharmacia electrode strips (0.7 x 1.0 x 14.0 cm) were soaked
: : ; o . { [N : .

thlxanolyte (0.025 M aspartic acid and 0.025 M glutamic acid) or catholyte (2'M ethylene
. ‘-,’v,‘."“‘ll . . . Sy _' - !



diamine with 0,025 M arginine and 0.025 M lysine). The str‘ip\S were placed at both ends of
the Formmg gel. |

Focusmg was pcrformed with a FBE-3000 base unit wnh an- lSOClCC&'lC focusing lid
(Pharmacm) and a Buchler 3-1500 power supply (Buchler. lnstrumems Fort Lee, NJ, USA)
Cooling water (4°C) was provided by circulalion through a cooling waler balh
(Messgerite- Wetk Lauda RC20/T2, Bnnkman FRG The sample was focused at 8 850 Vh
(500V for 12 h and 950 V for 3 h).. .
After the focusing was terminated, the gel was sliccd‘imo 0.8-cm in lcnght.s with a
" fractionation griq, the,‘@‘c'cs weircsuépcndéd in 5 ml of acetate bu'f(‘cr and gcnblly agitated
oveinight to elute the enzyme, The gel suspension was then centrifuged at 20,800 8 for 10 min
and the supernatant solution was collected and assayed for xylanase activity and protciﬁ
‘concentration, Fractions of highcsl sp&ific activily were combined an~d c"onc'cn?ratcd by using
ban Amxcon concentrator Wc@ Canada Lid.). The concentrated sample was then loaded on

v $ ‘
ey e ’
a Sephadex G-200 column,’ ' ’ b : . 4«,)

Gel ﬁltratlon"chromatograph y

A suspensnon ‘of Sephadex G-200 (Pharmacia) was preparcd according to the.
manufacturer's du’ecuons The gel was packed in a column (30 cm long, 1 cm dnTmctcr) ancf
equilibrated with 20 mM -potasslum acetate buffer (plj' 5.5). Enzyme sample was loaded on
the column and eluted with the acetate buf fer at a flow rate of 3 mi/h, The elucm was
collectqd in 2 ml fracuons and assayed for protein concentration and xylanase acuvxty

Fractions of highest specific acuvuy were pooled together and chccked for purity by sodium "

dodecyl sulfate-polyacrylamxde gel electrophoresis (SDS-PAGE), described below.
. b=
3 \ ’

T
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* H. Characterization of barley aleurone xylanase 0
‘ ’ .

'

-

Molecular ‘welght derermlnauons : ' ‘ o ‘ »
a, Molecular wcxgh( determmauon of purlfled xylanase on SDS- PAGE .
Sodium ‘dode\cyl sulfatc-polyacrylamide gel electrophoresis  (SDS-PAGE) .Wilh a

: 7'5~l5% linear gr‘adievnl of acrylamide (Blo~Rad) was prepared (Margolis and Kcndrick' 1968)

m a slab gel (0,15 x 14 x 177 cm) and fun in the dlsconnnuous buffer system of Neville |

A(1971) modlfled “by Chua (1980). The linear gradlent of acrylamxde was- formed by a
! gradlenl malrcr (Buchler lnsrrumems Fort Lee, NJ USA) Purified xylanase (10 ug) and the
| molecular weight markers wer‘é run at 16 mA/gel The molecular weight markers were bovine
sefum alburlmn (66 kD), ovalbumin (45 kD) glyceraldchyde~3~phosphate dehydrogenase (36
kD) carbomc anhydrase (29 kD), trypsmogen (24 kD), trypsin mhrbltor (20 kD), and
a- lactalbumm (14 kD). After electrophoresis, the gel was stained with Coomassre Blue R-250

\

(Sigma), destained in 7% glacial acetic acid and 40% methyl alcohol and dried accordmg to

\

Wallevrk et a! (1982)

A

b Molécular weight dcterrmnauon of . undenatured ‘xylanase from the crude enzyme

preparauon by Bio-Gel P-200 gel filtration chromatography

.Bi6-Gel P- -200 (Blo -Rad) was prepared accordlng to the manufacturer 's dlrecuons
‘packed m a column (50 cm long 0.9 Cm dlameter) and cqullrbrated with 20 mM succinic acid
2 mM in Ca(NO ), (pH 5.5). The crude xylanase was prepared by mcubatlon of the aleurone
layers with the routine mcubauon medrum for 72 h at ‘25C After 72 h .the mcubatlon
medlum was concemrated by an. Amlconl conc:t}:ntrator (Armcon Canada ll.td )} andl loaded on
 the Bio- Gel P 200 column with a ﬂOJJ rate of 3 'mi/h. Fracuons (2 ml) were follected and
assayed for xylanase activity and protem The molecular wmght markers (Sigma) or blue
dextran{ (Pharmacxa) were loaded separately on the same column The molecular Wweight
markers used were bovine serum albumm (66 kD), ovalbumin (45 kD), earbomc anhydrase

(29 kD), myoglobin (17 kD) and horse heart cytochrome G (13 kD). The absorbance at 280
i | | k ) o



nm wis used to locate the markers.

. ’
1

Glycoprotem assay o : a ol

The purified xylanase on SDS- PAGE prepared as dcscnbed above was ‘stained for

‘glycoprotein by use of Lhe penodic ~acid - Schlff (PAS) reaction (Zachanus and Zell 1969) wnh

ovalbumin as a contrel, . co A e
' ) ‘ h

Isoelectric point determination

Analytical isoelectric focusing of xylanase lwas performed in 12-cm long gels cadl in
glass cylinﬁcrs (15 cm X 0 30 cm iD) The éel was; 5% (w/v)y acrylamide.‘ 0.13% (w/v)
’N N* mcmylcne ~bis - acrylamxde 0.1% (v/v) N.N, N N -tetramemyl -ethylene d;;amxne 0.05%
(w/v) ammonium persulphaxe (Blo Rad) and 2 5% (W/V) ampholyte (pH+ rangcs 4 (o 6
obtained as descnbcd in lhe "PIEF ). Thc anolytc was 40 mM aspamc acid and camolyle was
40 mM NaOH.  The enzyme was apphcd and overlayed (3 5 -mm in hexghl) wuh an aqucous .
' soluuon of 5% (w/v) glycerol and 0.5% (w/v) ampholyte and-Tocused at 3 ,900 Vh (150 V
[ for 18 h, 600 V for 30 min and S0 V for 1 h) in a_Bio- Rad 155 electrophoresis cell, After
: focusmg the gel was stamed for protem by Coomassie Blue, G-250 (Reisner et al 197'5'«k The
' enzyme acuvny ‘was detcnmned by culung the gel 1mo 0.5-cm lcngms and assaying. For pH
determmauon the gel was cut into 0 5-cm lenglhs and shaken gcmly ovemnghl with 2 mi of
10 mM KCI (Righetti and Drysdale 1976). The pH of the soluuon ‘was read With a
Mlcroprocesmr pH meter 811 (Onon Rescarch Inc., Cambndge MA. USA) Thc pH of the

focused gel was also directly determined by use of a micro pH- elecuodc (lngold Elcctrodcs

Inc.. Andover, MA. USA).



| 'xylanasc wnh the appropnate buf f er (pH 3 0 to 9 0) for 24 h at 4°C. Af ter the preincubauon

an ahquot was removed and assayed for acuvxty o

o yot N . . . ' " N N ' -
L. Kinetic'studies = - = L , S
? R . [ O B ‘v , ST , c o

‘Rate o/‘xylan hydro/ysls e

! A '\' : o ; "',' .o

Punﬁed xylanase (0 24 ng) was: assayed as descnbed in the PXylanaSe assay at

b |

dxfferem nmes ie. 15 mm mlervals for, 90 mm " o A . o
v ) ; ' L . 'v"' , ' v. t . \

:" «,“ '\f ‘ ‘ ' Lt '.‘ o . - |

E ffeas o f xylan concenlratlon on activlty - i

'

The activny of punfled xylanase was determmed wnh various amoums (0 025 to 10

‘ mg) of xylan prepared in acetate buffer 2 mM in Ca(NO‘), S ' xr s

)
i ‘, : “ ' c . . . o
. . 4. ‘ e N b
. ‘
L

1/ 0 . .

' ‘Effects o[pH on activity and stability S N R

’

The effecx of pH on enzyme activity was Studled by measurmg xylanase activny as
. ‘) ! -

descnbed in the "Xylanase assay ) except that Lhe pH of Lhe assay system was vaned 'f rom’ 3 0

o 9.0. For pH values bexween 3.0 and 5.5, 20, mM mrate HCI buffer was used,\ between 5 5

and 7.0, 20 mM sodmm phosphate buffer and between 8. O and 9.0, 20 mM 'Fns HCI buffer

| ”-/ v,

. was used Thc effect of pH on enzyme stabnluy was srudxed by premcubauon of punfled

X
Kl

‘Effeclspﬂemperature on actlvttyandstabtlity “\ ‘5.7‘“_.‘ B '\{" §

23 " Yo [

The effect of temperature on enzyme acuvny1 was detcrmmed by assaymg xylanase

\

h actmty as descrﬂ:ed above cxcept that the reacuon rmxture was mtubated at dxfferent

\"

tempcratum (4 lo 60°C) for 30 mm For studnes of the effect of tempcrature ‘on enzyme

stabﬂxty. the puriﬁed enzyme soluuon was kept in acetate buffer for 2 and 24 b at dxfferent

/ "‘:'mnperatum ( 12 to 40'C) and mxdual enzyme aCtMty was measured o e '

. o LI R .
P, TR g : I . , ¥ .
i I o . '
S S : . f L .



E f[eczs 0/-ions and InmIDILOTS on-acuvity . L

Punfled xylanase (4 26 x 10 X umts) was mrxed with' the’ followmg compounds -

Tptome

Ly
prepared m acetale buffer 0 grve wo drfferent f mal concemrauons (2 and 20 mM) The

tested compounds were HgCl, Cu(NO ), Ca(NO ), CaCl,. ZnCl,, NaCl, NaNO, Na,SO..

| SDS KBrO, and EGTA The actmty of xylanase was assayed as descnbed in the ”Xylanase
,.‘,‘i"j ot \ - = K 4 . “.H“ . . . I\‘.'

J. Role of, xylanase in cell wall degradation and ‘enzyme release’ '
T ! ‘ Lot ' “ . ' o,
.o Lo T

1

Time course study o R R R

Aleurone layers (10 or 50) were incubated for various umes al 220 in darkness in

S
|

medmm commsed of 20 mM succmate “buffer and 20 mM Ca(NO ): in the presence ar
bsence pf 10 pM GA, in exther closed system culrure flasks or flow mrough system cullure ’:!“ ',
tubes The ratio of the number of: laye{s 0 the volume (ml) of mcubano‘n medlum was kept . i

constant at Sto 1. At selected umesc lhe medxum was removed and eenmf uged at 20, 800 g for "

q
A

10 min. The supematant soluuon was reduced o' l 2 ml usrng a Cenmcon mrcroconcentrator .

. The layers were nnsed t.hree tnnes "with succmate buffer with’ 2 mM Ca(NO ). and
homogemzed in.1 or 2 ml of me same buf fer wnh a glass hand homogemzer (Kontes Glass

Co Vmeland NI, USA) and cenmfuged The layer exuacts and concemrated media were
“"l 5' »" )

o
'dmded into two poruons One of them was'used for K Mg and PO.’ determmauons The

other was dlalyzed overmght agamst the succmate buffer -and assayed f or.: xylanase and
, ) F \ H . s Iy N
' a-amylase activities. _ . A ‘
.\ ) ' : o |.|

Phosphate was determmed acdordmg to the method of Serrano ez al ( 1976) e\cept
that 1% (wsv) aséorbxc acid was used mstead of 10%. One mﬂlihtre of the sample was mxxed
wn.h 2 ml of 0. 7% (wfv) ammonium molybdate ;n 0 7. N*H,SO. and 50 ul of 1% (w/v)

I

, ascorblc -acid, left for 10 mm and then the absorbanoelwas read at 750 am, wrth K,HPO.

* " standard.

L4

Y



. .Both lons were analyzed in an air- acetylene ﬂame The standard soluuons for l( and lylg" i
‘ were KNO, and MgSO. r,espectlvely o s e R 2 KRR

- usmg ‘the Nelson reagent (1944) wrth maltose as a srandard Flfty mrcrolrtres of sample was '3 ; '

' kroups were deterrmned as descnbed ab()ve m the Xylanase assay One umt of a amylaseJ

- lacetate and 2 mM Ca(NO,), (pH S 5) m the absence or presence of 0 10 umts of punfted

-:".I e : o o ‘
appropnate volume w1th 5% HNO,, followed by measurement wrthaa Perkin’-Elm,er 4000

y

atomlc absorpuOn spectrometer (Perkin- Elmer Corp Norwalk CT USA) Potassrum was o

' l

measured in  the efnission mode at- 766 5 nm and Mg" in the absorptlon mode at 285 2 ama ;

g

'h ‘ [ ‘ ' :
. - , . f N ., (‘ - e !
. L
' 3.

ll/ -
.)4

Determmatron of cx»amylase was perf ormed as descnbed by Robyt and Whelan (1968)

w

B 2

AL

N mcubated wrtlttl ml of 1% starch solution (prepared ln succmate buff er wrth 20 mM CaCl )

at 30C for 10 mtn The vreacuon was termmated wtth l ml copper reagent and the reductng

l‘ -

‘h /l»‘

was def] ined s the' amount of enzyme reqtllred to expose 1 ,rmol reducmg termmals per mm at,
i

! ,.. K ) . ST \ . ' | . “I[" ‘
O'C S s SN O A N ‘ A '.w"'
N 4 ' [ i
. v . ! | ' Iy CoN e
f\ B | N “h r.. [P ! |
Effecxs ofpurtfed xgrlanase on aleurone ceII wall . f‘ o B
., K | ! - ! '

‘l‘wentyrftve tsolated* aleurone layers were mcubated at 25C mv 20 mM potassrum ‘
o I o i

1

A
R

xylanase (vnthout GA,) for 4 /20 and 50 h in a ﬂow t.hrough culture tube After each ume

'y
w.‘
W i

tnterval frve layers were, removed and kept in 95% ethyl alcohol at -10C The layers were

»
f

then frozen in hqmd nrtrogen fractured and crtpcal pornt dned wrth CO, 'l'he layers were

‘.

’
glued on stubs gold coated and vrewed on a Cambrrdge Stereosc:an 250 scanmng electron
', ’ }’ .“,“. 't
' 1 "\l., ;
mrcroscope (Cambndge Insrruments Inc., Montreal Que.. Canada) e T
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- BRI ":“'\((r L . . KL . o
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K. GA, and xylanase synthesis T N S TR b X £ N
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I }

&

\combtned desalted and coucentrate& by a Centncon mtcroconcentrator The 4t

’\ ',4’ " . ‘v‘._.- o . Ve e s

Ten aleurone layers were tncubated l‘or 72 h m ,the rouune tncubatton medtum m the

-~
-
. E '

_vln other expertments the 1nhtbrtors were added after 12 h mcubatton wtth G.{, and the

_,u
"

-tncubatton was- contmued for another 60 h After the treatment the medium and the layer

'xtract were prepared as. descrrbed m the "Ttme course study and xylanase actrvtt) was

assayé‘d. : ' A f‘ . " . '

“‘ , Il‘ ' . , . . . . ‘ ' " Cy ,4 -‘ v \"

,, De novo synthests of xylanase o : y o Y N ! ',‘ ‘o
{ ' ' R e ) X '

ST Aleurone layers were mcubated at 25°C for 120 h wtth the rouune tncubauon medtum

k\|‘
prepared tn H,Q 75% ,O (99 8% tsotoptc punty Merck Sharp & Dohme Isotope Dorval

‘ | i
Q Canada) or 80% H,,“O (97 4% lSO[OplC purity Merckrv Sharp & Dohme,lsgtop

b

[presence or absence of 10 g/ml f mal concentrauon “of cyclohextmtde or cordycepm (Stgma)\' ‘W"

1 respecuvely (The ratio of the number ol“ layers tQ the ‘volume (ml) of tncubatton medtum b

A L f -.l’ ' :‘ )

?was 5 to 1. ) After this pertod ‘the enzyme was prepared from the~tncubatton medtum and the

[ PO ' '
T |\ K 1 R

layer extract as descnbed tn the - ”Ttme course study The enzymcSt from both sources were o

) ‘.‘ N

iuf

l“‘l

mtxed with about 0 05 uCr of tadtoacuve protetn marker (methyl “C) methylated ovalbumtn ;!

ot W& ,)

(New England Nuclear., Boston MA. tUSA) and saturated CsCl solutton (densrty gradtent

grade Beckman InSLrurnents lnc Palo Alto CA USA)t for an tsopycmc equtltbrlum

e
™

cerrtﬁf/gauOn as descnbed by Ftlner an‘d“V’a’rn'e—r'(T%'/') The mtxture was centrtfuged At

't‘ ' ‘ i
40 000 rpm for 65 h in a Becltman L8- 80 ultracentnfuge equlpped thh a SW 50 } swmﬁmg

bucket rotbr (Beckman Instruments) T j",’f"“-‘.r\" - . -‘;".“.“‘-7;,:":.‘ ' _.?.
. . \“’/ ) ‘1 " 'A,‘ l‘- G v ~ ,,: !

RIRTEE

«

o
“rt , ‘.ll" ’," “,_,i .

L were colle(:ted The alternate fracttons wet‘e assayed for xylanase actmty as‘descnbed tn'the '

. I

"Xylanase assay The rad‘ioactrvrty in the alternate fracuons was deternuned by adding 1 ml‘

4
1“

\l.
A

- After centnfuganon the tubes ‘were punctured at the bottom”and one drop fracuons ¥

of dtsttlled water to each fracuon to dilute CsCI (Chnspeels and Vamer 1973) and then 10 ml'

B
(=3
2
8
g "
-
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B
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refracuve mdex m about cvery exghth fracuon was determmed by an Abbe retractomemr

. gt ,
(model A Carl Zciss IFRG) In sc;me expehments ap alxquot of each fractnon was. assayed
' :“ for thc ltl‘:r‘xzymc act;yxty or radloacuvny v 'i A '» B : S ‘
‘ L. Rof_e of’-;e;l‘cfuvni a;nd, calnvfedul‘in orf the synthesis and re_feése of xylanase . S . B
' V N '. § e i .
Effeczs ofcalclum and other'hlé; | ‘ | o S } . x !
Ten aleurone layers we;'e mcubated in eech Iof Lhe followmg medxa . '
1. 20 mM succiric acxd buffer (pH' 5 5)" I8 e
. e ‘ . o
2 20 mM succinic acxd buf fer +. 10 uM GA, '
° .~ e .
RN mM succinic acxd buffet+ pmMcaNoy, :
| '. ey 4 20 mM succxmc ac1d buffer +- 10 «M GA, + 20 mM Ca(NO )z L SRR \,.‘
\ 5 20.mM succinic acid buffer + 10 4M GA, + 20 mM CaCl, , L |

Vi
)

6 20 mM succxmc ac1d buffer + 10 uM GA, + 40 mM NaNO, |

K . I

7. 20 mM succ1mc acxd buffer + 10 uM GA, ¥ 20 mM Mg(NO,), 4

8. 20 mM succinic acxd buffer +10 ,M GAy +20mM s:cx,

The mcubauon was performed at 25‘C fqr 72 h. Af ter mcubatmn the medmm and the

"kl,

y o

"

““‘1ayer extract were prepared as p;evnously descnbed i thé "'I‘une course study and xylanase

actmty was assa_yed. SRR N
”\;, , ‘ . . . | ! ; “ N b ' o ’
‘\ . N a :} . : :.' . ‘) . ‘. . .
E ffects of calcmm concentration,‘ L ‘ ,‘ PP . '
“vr&-‘ .‘\ ! s [ ,,’ \
Ten aleurone layers were mcubated-'for 72 h a( 25 C m 20 mM succmate buf?er 10 ,‘M
‘ ' »

‘GA, and vanous conoentrauons (0 40 mM) of Ca(NO,), After mcubanon the medmm and

- rl':f;.'

s




Teq aleuronc layers were mcubated for: 72 h in rouune mcuoauon mcmum In e

presence or absence of One of the f ollowmgs 30, or 500 uM chlorpromazrne (CPZ Sigma). 30

, o

: or 500 “M mﬂuoperazme (’I'FP Slgma) 0. 07" ‘or 5 ug/ml of calmodulm (CaM bovme brain,

'y
f ) )
i

R Sigma), 30 “M CPZ .+ 5 ug/ml CaM,‘SOO ,LM CPZ + 007.ug/m1 CaM 30 “M TFP + 5

]
M
o

. ug/ml CaM or 500 uM TFP + 0.07 "ug/ml CaM The medrum and layer exrract ‘were prepared -

-
f
'

accordmg to the "Time course study and xylanase acuvily was assayed . A'




a A Sterlllzauon of. haHey half—seeds I ﬂ P S .
"‘;"'l Most workers have stenllzed the haif - seeds m a hlgh concentralion (l 4% v/v) of

I K

e NaOCl for 15 20 mm ,(e g Chnspeels and Varner 1967 Eastwell and Spencer 1982a) o

l '“‘"Howevcr recently Goudeyl et al (1986) have shown ‘that a hlgh concemrauon (l% V/V) of

v
3

NaOCl used for stenhzanon decreases the acuvuy of barley aleurone a- amylase ln responSe o

GA, compared to a lower concenuauon (0 1% v/v) of NaOCl Therefore Lhe effect of

NaOCl on ‘barley aleurone ’iylanase was mvestlgated "The layers were prepared from Lhe ;

. \
' !

(A
ot
)

half - seeds stenhzed m exlher 0 1 or 1% (v/v) NaOQl and mcubated in the rouLme mcubauon o

-
t r. Yo !

S medlum The results showed that the level ol' xylanase from’ layers sterilrzed in 0 1% NaOCl
st was higher than Lha[ l‘roﬁ layers stenllzed ln l% NaOCl (Table 1)h The decrease 'm the L

I (1“

enzyme levels in’ lhe presence of’ hxgh,concenuauon of NaOCl may result f rom the ussue

damage caused by NaOCl (Goudey et al 1986) f\f ter ‘this dlscovery 0 1% NaOCl was used L
S e ;o “,‘ i i I

for stenlrzauon , & ‘ R, & ' "‘ v .j‘ . S

e ' . . wo o ; L i
‘ , - . ' n L (AN oYy
o 4 \ v ’ |

B Incubanon system and dose response "of GA, on xylanase levels .. ‘,), ‘ \ .
The mcubauon system used to mduce xylanase in aleurone layers was that commonly»

used ‘for a- amylase Thls system has been revrewed and further mVesugaeed by Eastwell

,l , l‘

(1981). In the present study on xylanase prchmmary expenments showed thar the optimal
GA, concentrauon for the response of xylanase was 10 p.M (,:esults not\ shown) as also

j .»obtaxqed by Eastwell (1981) ' - R R SOR R P

\ e . . . ' N ' ‘J “ v b " ‘/' l‘,‘ ." '»,;.',‘.. »“ : ‘ y..‘v ' B T " v‘I\‘- ‘ ;" “t\“v; ' ‘:"‘

,' C Prellminary investlgation of harley xylanase Cy - I C e

)

v

The amoum of xylanase present in: aleurone la,yers 1s very low (T able 1) compargi ro i

that ot' a- amylase (Vamer and Ho 1976) therefore lt was dsffxcult to obwn enough enz’yme :‘

T i
oy

for punfmtion In our prelxmmary srudy. 1t was shown that xylanaSe rs only present m me L
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layers were prepared as dcscnbed in | Materials. and methods Ten alcurone la)?ers‘
. {

wcre mcubaled in 20 mM succimc acxd 10 m GA, and 20 . mM Ca(NO),, (pH

..55) for 24 48 and 72 h' at 25C Xylanase in lhe mcubaonn medlum and m the

© layer ~extract was prepared and assayed as descnbed in "Tnme course study in

K

Maten’als -and mcthods;‘ The yalues rcpresem thc,'mean of at leas; fout differem

determina;io'ds £SD. - '. B R 1 o = ‘ "{’u‘g |
}dcdbatidn time o ’ ] ’ “?(ylanase acuvxly (mumxé/layer) .
w. 10.1% NaOCi,. PR NaOC] o
| ‘Med!r“"a " Extratty .. ‘M['cdiurd o  ~ Extract
e “043 R 0.25° "'}.55_:r 0.03 d.@;.‘o.l(n.' 1,45 :'“'0.35,_
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,sculellum (Akazawa and Mlyata 1982) Half seeds could be used as a startmg material 0

. avotd the nme consummg step ‘in the separauon of aleurone layers Nevertheless. aleurone
Ay ' '

layers were used as the~ half seeds had very lngh contents of mterfenng protems (Thelr

ﬁprotem coment was about 5-6 umes higher than thar ol" aleurone layers) Alt‘ﬁ?)ugh the

o K )
. ‘manual separauon of aleurone layers is- ted:ous and trme consummg -t is the best way lO
' obtam aleurone layers wrth mmtmum damage ) lhe trssue .An attempt 1o prepare aleurone o

‘

ftlssues by use of a pearllng macbme was made but it was unsuccessf ul possrbly because ol‘ ! "

v ’

) mjury o the cell cOmponems caused by the yrgorous action.of the machme 3 R o

’I'he low level of xylanase found ln the aleurone layer preparauon rnay result f rom

/ bmdtng of xylanase to thie mernbrane o1 Cell wall m the dlscarded pellet, or f rom hydrolysrs of

/

‘ — ' "~

xylanase by pronease Expenmenls were performed lo mvesugate these possrbrlmes T he pellet

, was. drvrded into two poruons The ftrst pomon was nnsed twrce wnth 20 mM potassmm

[

lacetate buffer (pH 5.5) and resuSpended\n 4 M. LrCl of, 4 M itrea and agrtatcd for 4 h o’

‘h'. " a’

“

extract the enzyrne from the: cell w;l?l The extracuon procedures were modrf ied f rom the

systems used for extractmg - mnnosrdase from oat coleopttle cell walls and autolyuc

'
!

‘ enzymes frorn bacterral cell.;valls (Greve and Ordm 1977 Pooley ét al 1970) ’I‘he seqond

'

portlon of the pellet was resuspended m acetate buffer and somcated l‘or 20 mm m a

Cole Parmer somc cleaner (model 30 Cole Parmer Instruments Cl'ucago IL USA) 10 release

'
‘

the enzyme from the membrane This somcauon Was used to release a amylase from the Yo

membrane of aleurone cells (Locy and l(ende l978 Trttle and Spencer 1986) After agltauon

t

or somcauon the suspensron was centnfuged and the supernatant layer was dlalvzed overmght

"j(‘_agamsttheacetatebuffer" ST VO LoV

yoo

;o
Y There was no detectable xylanase acuvrty in the supernatane layer from any of the T

txeatments Therefore xylanase is- not a membrane or cell wall' bound enzyme and the total

\

‘ ‘ o acuyity of xylanase could be accurately obtamed from the medmm and the extract Although

“
‘ﬂ(] ' Coa e ‘ ,ov . . .o \ n
. ' : B . ' . ‘»w'v P . [

'

R TN PR ) . : . R
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lt is known that protease is present in the e)z—yf(e pr‘eparatlon' from . aléurone layers .

(Eastwell and Spencer 1982c, Hammerton and Ho 1986 lacob en and Varner 1967) HOWever
addition of the protease mhrbttor phenylmethyl sulfonyl fluo’nde 1 mM fmal oncentratton)

. to the crude enzyme preparatron dld ndttchange the’' total acrrvrty of rylanase lt should be

o noted that the crude enzyme preparatlon after passmg through a Bto Gel P- 200 (Blo Rad)

gel ftltrauon column gave two peaks of x\llnase named as X. and X, (thure ") The
molecular size of X, was largen than that of X, Therefore X, may come from the‘y

degradatlon of X, possrbly by protease action, The degradanon occurred wrthout any change

‘ i _ m rotal acttyny The crude enzyme preparauon lrept at 4 C gave a ,smaller peak of X, ('Flgure-

2a) than that, kept at 22C (Frgure 2b), Moreover after a second Bto Gel P- 200 treatment
o '\

3 . ““N\
' | 'there seemed 10 be no degradauon of X, Wheén X, was rechromatographed on BIO Gel P 200,

:‘,‘_ . . ' !

there was only one’ peak at the X, posrtton T he protease may have. been removed by" the l' irst

' -\,rl,,' - R l

Bto Gel P 200 column or the action of protease became less effectrve possrbly by lack of

i »
actrVators and/or mstabtlny of the protease enzyme l[self
P R . . “\‘ , ' £ ' . , ) . ' : .\“ . : ;*l

D Mulnple forms of barley alel;rone xylanase obtatned by lon-exchange chromatography
The survey expenments (before tHe actual procedure for. the enzyme punf ication was .
. chosen) were, performed by applymg the crude enzyme preparauon (1e enzyme in the‘-’
: mcubathn medrum) to a DEAE Sephadex ASO (Pharmacra) or a"DEAE cellulose (DE 52 .

Whatman) column equilrbrated wrth 20 mM potassrum acetate buffer and 20 mM CaCl, (pH‘

i S 5 5) The column was washed at 2 flow rate of 6 ml/h wrth two- bed volumcs of the same

. buffer followed by two bed volumes of a lmear gradrent of 0 02 0 5 M CaCl,

o

‘ . . ,' From the DEAE Sephadex column (thure 3) there were two peaks of x&lanase One

\ of them came out’ m the wash f racuons (Xa) which mdtcated that ihis Xa had a pI>5 5. Thc '

other (Xb) bound 10 the DEAE Sephadex and was eluted by CaCl, The Xb whtch had a.

Y
\
. »."
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Figure 2. 'Gel filtration chromatography on Bio-Gel P-200 of the crude barley
aleurone xylanase preparation kept at 4'C (a) or 22°C (b). ‘ The coldmn (50 cm.
R ; .long', 0.9 cm diameter) was "equilibrated and eluted with 20 mM succinic acid buffer’
b o N . N . . » .
< (pH 5.5) 2 mM."in Ca(NO,),. Fractions (2.0 rpl) were collected at a flow rate of

3 mi/h. e-e Xylgnasc_activity (X,. X;). 0-0 absorbance -at 2"80 nm.

,.



L

A

Absorbanée at 280 nm

-
N
] .

—
1

p.
o
I\

Xb.

T
©
o

- 0.4

’I
(@)
SN

-+ - T ”]'a—-f-
o 4 8 12 16

20

L ., Fraction number

Flgure 3. Ion exchange chromatography on DEAE-Sephadex A50 of the crude barlcy"

1

24 28

Xylanase activity {units)

aleurone xylanase preparauon from aleurone laycrs The column (13 cm long, 1 cm

-diamctcr) was cquilibrated yith 20 -mM potassxum acctatc buffcr (pH 5.5) 20 mM

in CaCl,. A linear gradient .of 0.02- 05 M CaCl, was apphed Fractions (2.0 ml),

were collected a( a ﬂow rate of 6 ml/h

nase ‘actiy
absorbance at 280 nm. The arrow mdxcaxcs the apphcaumrcm

-

oo Xyla

(Xa.

Xb).
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detectable Xa. Ho-wevcr, in the crudccnzyme preparation from half-sceds that had becn
incubated with GA, in the absence of a 4- day imbibition pcnod the activity of Xa was hxghcr .
lhan that of Xb (Flgure 4). To be certain that Xa was really another form of xylanase not
an overloaded Xb, the Xa fraction was rechromatographed on CM- Sephadex CS0 (Pharmacxa){
under the same condmons as for DEAE- S‘ephadex A50 except that a 0- O 5 M linear gradlcm
of NaCl was used instead of the CaCl; gradlcm and Ca‘ was ommed from the acetate buffer,
(Calcrum made the CM- Scphadc;g gel shrmk and altered Lhe appearance of the gel ) Under
these condmons Xa bound 1 CM -Sephadex and could be cluled by NaCl (Figure 5) This
result clearly showcd thal Xa was one form of xylanase, It is mlcrcstmg that the levels of Xa
and Xb wcrc dxf fcrent bctween aleurone layers and half -seeds (Fxgures 3 and 4). This may
rcsulr from the changcs in Lhe requrremcn( of isozymes for seed germmauon with time since
v"“"thc 4-day pcnod of imbibition was ornmed when the half- sceds were used, The multiplicity of
barlcy a- amylascs as well as Ihe change in lsozyme paucrn with time has also been shown
\ (Bog -Hansen and Daussant 1974 Jacobsen et ql., 1970, Jacobsen and Higgins 1982,
| MacGregor and Daussam 1979). It was noted that when Xb was passed through the Bio-Gel
P 200 column it gav: X, and X,.
| The mults thh DEAE -cellulose were surpnsmg The acuvuy of xylanase \r;as lost
after passmg through this columa. Only 6% of the: ongmal acuvny and 80% of the ongmali
protcm were obt'amed frorn the DEAE ccllulose column whnle 75-90% of the ongrnal activity
and 90% of Lhe ongmal prorem were recovered from the DEAE- Sephadex column, These
results suggwted that xylanase: might bind strongly to the DEAE -cellulose,’ possibly to the
cclluloscmar.rix.‘ VJarious eluants, such as high salt congentration (0.5 M CaQl, or 4 M LiCl),
substrate $olution lO 1:0.5% xylan), a combination of salt and substrate solutions (0.5 M
Ca(d,, 0.5% xylan) acxd or alkah solunons (pH 4- 10) and hydrogen bond desr.abmz.er (4 M |
urea) faxled to elute the bound enzyme from the DEAE cellulose column The time for the

clution was also vaned from hours to days to make sure that it was enough for the exchangc
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Figure \4. fon~ e-x;:hange chromatography on DEAE- Scphac:?so of the crude barlcy

alcurone\ xylanase Q\eparauon from half seeds. The chr alography procedurcs were

V4

~as’ descnkcd for Figure 3. .e-e Xylanase acu\uy (Xa, Xb) 0-0 absorbance at 280 '

~

. nm. The arrow indices the applicgtion of gradient.
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" Figure. 5. Ion éxchan*" chromatography on, CM-Séphédcx GSO “of “'the combincd‘

'_ffractions obtained from the DEAE Scphadcx AS50 column cluuon in Fxgute 4 The'

-~

,'chromatography procedures were as dscnbed for Fxgurc 3 cxccpt Lh'a[ a - lmear L

: gracnem of pos M NaCl was used mstead of ooz 0.5 M CaCl, and Ca" wa'.éz»

omxtted from the acetate buffcr .- . Xylanasc acuvxty (Xa Xb) 0-0 absorbance at )
280 om. 'I'hc arrow indicates the appl;mnon of gradxcnt ’ t o
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' ‘glven ) That xylanase bmds to cellulose however has not yet been proven When a wlanase :

NA o~ — e -
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CUNNE UD CIULTU L1UVLHE /iy \.\.uulvq\.- VI s s greseesess
v . T
R v o

[
K

preparatlon was leed wrth cellulose powder (CF . ll Whatman) ll did not blnd 10 the

' . . ;
. ‘l‘ "o . K ‘, f

'eellulose.‘;,“ s N ';f' C R w0

Vi . ]
R . Vol . . . o,

: “prelrmmary experrments the enzyme was l‘ound to . have a'pl of approxrmately 4.6 and it '

. appeared as a smgle protem band on a srlver stamed {wo dlmenStonal gel With an lsoelectrrc ‘

“E. Punhcanon ol‘ barley aleurone tylanase L v . 3

@
l ' i
"

As drscussed earller the predommant lform of xylanase m aleurone layers was found

to be quhrch has a pl<55 Thus tlus enzyme was punf:ed and characrenzed ln

\ N ; K

b ' " v ‘ \

' focusmg gel and SDS PAGE as the first and second dlmenStonal gel, respectrvely (results not

’

shown) Therefore lsoelectrlc f ocusmg was the method of chorce f or the purifi lcauon of the

enzyme ke o . IR / T ‘
b

‘precrprtauon did not 1mprove the enzyme rpunty, however it was used to concentrare the
of

i . K

sample from the mcubauon medrum A 29 fold punfrcatron was achteved by PIEF and

e passage throlxgl;l the Sephadex G 200 column The recovery was 45% of the’ mmal total

acnvtty The parttal elutlon profrle of the Sephadex G 200 column of xYlanase is shown in

Flgure 6. ;Fracttons 8- 10 were used as the punf ied xylanase preparauon’f or f urther studles

The punty of xylanase is shovjn on the SDS PAGE gel (Frgure 7). Ten ug of protein

T |

" was apphed There was only one mtense protetn band on tlns gel One or two very, famt bands . l

- wrth lower molecular weight (between 24 and 29 kD) were also detected but they were too

N

~

famt to be vrsrble in the photograph The nresence of these bands mdicates that thts enzyme

v

preparatton was not absolutely pure Lo o L X

The results of the cnzyme punflcauon are. summarrzed in Table 2..The (NH ) SO.

L

N
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h at, 25C After mcubauon the enzyme from the mcubauon medmm was punﬁed

i a

by the stcps shown bclow Demls on each step are ngen in, Matenals and «methods S
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Flgure 6 Gel mtrauon chromatography »on Scphadcx ‘G- 200 of barlcy alcurone

R
xylanase after PIEF The. co}ﬂmn (30 cm long 1 o dxametcr) was "equnhbratcd and

"

lutcd with 20 mM ¥0m551um acetate buffer‘ (pH 5 5) Fracnons (20 md) werc

‘."collected at a ﬂow rate of 3 ml/h -0 Xylanasc acnvuy o o absorbancc al 280
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Molecular welghl determmations e Tt u"'»'l\‘,
! N RN o '
The molecular werght of xylanase (shown On SDS PAGE Frgure: 7) was deterrmned !

A from a calrbratron curve (Flgure 3) Obtamed from a plot of the relauve mobrllty (Flgure 7)

L

| -agamst the loganthm of the molecular werght of standards (Weber and Osborn 1969) /Frqm

a4

P“ -

o the caltbrauon curve, the. molecular wexght of xylanase was 34 er Thrs f 1gure ol’ molecularj
| werght was hlgher than the 2] ch ‘that. was obtamed from the BlO Gel P- 200 gel f lltratron o

chromatography of the undenatured enzyme frOm crude preparauon (Frgure 9). Dashek and .

- K Y |

“Chnspeels (1977) obtamed a molecular Wetght of 29 kD for xylanis;e f rom a crude extract of

‘barley aleurone layers estrmattng 1t on a Sephadex G 100, ‘Therefor barley aleurone xylanase o

ds lrkely to be a smgle polypeptlde protern .The molecular werghts of xylanases of fungal ’ :

A

&ongrn are also relauvely low rangmg from 16 ki KD (Dekker and chhards 1976).

l"_‘ ta '[ ) , “ ‘ v'.‘ﬂ
. , - . . K

Glyc0proleln assay Co . , —
| 7
Xylanase in SDS PAGE gave a negatrve reactron w'l'h the PAS stam in contrast toa.

posrtrve for the OValburmn control (results not shown) Tlus result mdrcates s-that the aleurone

i

‘ xylanase is not a glchprOtetn (Xylanases from mrcrobral sources have been reported (pekker‘ ‘

)

. and chhards 1976) to ‘be etther glycosylated or nbn glycosylated dependtng on the

lba

‘ rmcroorgamsrns and/or the tsolatron procedures) It, is mteresung fmm the standpomt of

. t\ i .
protem secreuon that aleurone xylanase is not a glycoprotem Other secreted hydrolases .

mcludtng barley aleurone a- amylase have been ‘found to be glyCOsylated (Akazawa and‘

Hara Ntshtmura 1985 Rodaway 1978) Theg&mults obtamed here could be mterpreted to
.

‘ ‘ mdrcﬁte that aleurone xylanase mrght not be a secreted protetn or that it mrght be a secreted«

protein but the glycosylated part was destroyed erther in vno or in vitro Although mOSt

secreted protexns are glycoptotems rt does not exclude the pOSSlblllt)' that barley aleurone -

f b m—

' xylanase 1s a non glycosylated secreted protem as has also been suggeSted for the mgh plj_

daot
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Flgure 8. Determmation of the molecular wexgm of baricy aleurone xylanasc from a'»

cahbrauon curve of a set of seven molccular wexgm markers on SDS- PAGE ' The
relauve mobnhty of ‘each maxkcr and xylanasc was obtamed from Fxgurc 7.
a.‘ Bovme serum alburmn (66 kD) b ovalbutmn (45 kD), c. glyccraldchydc-S—

phosphate dehydrogenase (36 kD) d carbomc anhydrasc (29 kD)

:_' ‘.e. trypsmogen (24 kD) f trypsm i‘nhxbxtor (20 kD) and g a- lactalbumm (14 kD).

}

~":X—xylanase. - lg

¥ ) 'w“‘\‘ C . o

[



. 701 ‘
, —— ‘604 ' ' )
( o R ‘ o
O . 504 . RS ,,
[ 5 . o - . ‘ ",' o

0. 409 .

. b “ X -‘ . .

2 : :

'© 301 ’

" ‘ .

3 "20-

) o " ) f |

Qo 1
‘0 o ‘ .'f." r“

oo ' . . "

| ' a0 1 ‘1.‘-."v‘ o 3

Y, ‘ . : 7.‘, . o
’ ' ' R . ! ' .‘ "(‘: v{""\ ‘ 1 j-:" Yoy

. ; = , S R N ‘ - ‘

\ : v . . i ' " ._ o “;'

Figure 9. Dptenmnauon of the molcculax wcxght of barlcy aleurone xylanasc from a

Y

lBlO Gel. PWQGOJ olumn (50 cm long. 09 cm dxameter) in .20 mM' sucmmc acxd
'buffcr (pH 55) 2 mM in Ca(NO ) .vnm a’ ﬂow ratc of 3. ml/h The molecular
wcnght markcrs ‘were: bovme serum albumm (66 M b.. ovalbumm (45 kD)

¢ carbomc anhydrasc (29 kD) d. myoglobm (17 kD) aﬂd €. cytochrome c from.

‘hQrse heart (13 m) X-“xylanase\, e e R P T

R . : ‘ - . “' e '. e T “f.“ v, ‘ [
. S = o . ',\. .r\ \'} . N . . : ‘ ‘ \‘
e \ ' \ . ¢ ‘ . : \ .



Ceral1980), -

(Ko = 4mg xylan/ml Ghosh ef 1580).

G. Kinetic 'stﬁ'diés\

- The 'isoeléctrie point of ,xylanase was found to 'be pH 4.6. (Figure 10) from both -

o analyucalxand preparauve 1soelecmc focusmg, Although the pH of the medmm al ler a 3 day

‘f(

'incubation d\roppcd 0 4.3-4. 7 wmch was close to the pl of xylanase lhere was only a

neghgxble amoum of xylanasc acnvny in the prcc1pnate after the medxum was cenmf ugcd

‘ Barley aleurone xylanase (Flgure 10) 'as well as most of - the mxcrobnal xylanases has a’ pl m

o the acidic’ range. However, some fungx comam also ‘Xylanases wuh neutral and alkaline pls

(Dekker and Rxchards 1976) B K : ' ‘ | .

5 v i
v . B

Rateofxylanhydrolysts . " TR ’ - o '. /“ n

!
. The rate of hydrolysxs of xylan whxch is routinely used asa substrate throughout this

' .~study, was lmear for al least 90 min (Fxgure 11) under the expenmemal condmons used, In

l

Termltomyces clypealus Lhe rate jof hydrolysns was Shown to be eXponennal with time (Ghosh

W
o

‘E f feczs of substra!e conceﬂlration on actrvfty

‘ Thc effects of thc concemranon of Lhe substrate xylan ‘on xylanasc acuvny ‘are’

\

1llustrated m Fxgure 12 A class:cal hypcrbohc chhaehs Menten curvc was obtained. 'I'hc\

N

chhaehs Menten constant (Km) and manmum veloaty (Vmax) obtamed fmm mc

h Lmeweaver Burk plm (I‘:gure 13) were 0 86 mg xylan/ml and 0. 014 umts (58 3 umts/mg) -

precnvely The barley enzyme has lnghcr affmuy for xyLan than does that from mushxoom .

s o . ’ ..
N R . . . Y2
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Figure 10. Isoclectric point detérmination of barley hlegrone xylapase, The cmymé
’ . . /’ i ‘." ' L

~ was run on an isoelectric focusing gel (pH 4-6) with 40 mM aspartic acid and 40
mM NaOH as the anolyte- and catholyte, respectively. The gel was ‘cut igto 0.5-cm
~ lengths and assayed for xylanase activity (e-¢) and pH' (0-0) as’ ‘described in
o

Matérials and methods.
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‘Figure 11, Rate of _xylan hydrolysis by barley aleurone xylanase. ‘Barlcy aleurone
xylanase was assayed in the presence o{ "0.075% =xylan at various times as described

in Materials and methods,

s



A

140 —

/s
: | f I RS | I ~
0 2 a 6 8 T R
| . Amount of xylan {(mg)

Figure 12. Effects of xylan .concentration on barley  aleurone xylanase. The activity -

of xylanasc“ was assé;'éd with variois amounts of g(')_'lan‘(0.0ZS-lO‘ mg) as described
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' ‘ [
* authors suggesned that contammatmg mvertase was responsrble for the sucrose hydrolysrs )

Barley aleurone xylanase could hydrolyze CMC as well; however ‘the acuvny towards CMC
. \
was about 6 times less than that towards xylan. o S ’

Barley aleurone xylanase bound strongly to: the DEAE ceMulose, possrbly o the

cellulose matrix as menuoned on ‘page 27. 1f xylanase bound 10 cellulose of DEAE -cellulose it"

suggests that the bmdmg srte and/or the catalytlc site of xylanase f or cellulose and xylan may

"be the same or the bmdmg of ‘the’ cellulose 10 enzyme may alter the bmdmg site of xylan

Y

. Effect: o[pH on acl(vlty and stabtluy '\, . .

.
The effects of pl-l on the acuvrty,and stabtllty of xylanase. are shbwn m Flgures 14

t

did not hydrolyze the cellulose since ' no reducmg products were detected The strong bifding

and 15.. respectrvely ’nle Opumum pH was 55 for both acuvrty and stabllrty T here was no :

[

in 20 mM o( acetate, succinate or cttrate buffer pH 5 S, was srmrlar (a 1‘2% dlfference

" results not shown). Barley a- amylase has the same. pH opumum ice. 5 5 (MacGregor 1978)

' Fungal xylanases have pH optima between 3 5~ 5 5 (Dekker and Rlchards 1976)

H \

) xylanase was sull stable at the 16w pH (Frgure 15)

3 dlfference“ in enzyme acuvrty in dxffertnt buffers wrth the same pl-l fl'he activlty of xylanase‘ N

The pH- of the incubation medlum after a 3- day ulcubatxon of aleurone layers wrth '

¥ y
GA, was observed 10 drop from 5.5 o’ 4. 3 4 7 Thrs obserVauon has been prevrously reported

(Easmell and Spencer 1982c) The drop in pl-l was also observed m the absence of GA, and it .

Uy

may be partly caused by the producuon of H‘ via Ca"/H exchange (Hanson 1984) l-lowever |

Ly,

Effects oftemperature on: activltyandstablllty C o .

The effects of temperature on the acnvny and stabthty of xylanase are’ 1llustrated m

, Fxgures 16 a.nd 17 respecuvely The opttmum temperature for the acuvrty was 35'C No

an N o'

e
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Figure 15 EffeCts of pH on baxley aleurone xylanase stabxhty The punfxed xylanase
‘was. prcmcubatqd thh ‘buffers of the mdmted pHs for 24 h at 4C and assayed v

iy
“,for the acuvnty as descnbed in Matenals and methods.» Bars *repres;nt iSDﬂ.
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of xylanase was: assayed as descnbcdi m Matenals and | mcthods at tempcratuxc
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Flgure 16 Effects of temperature on barley alcuxone xylanasc actmty The ‘actmt)t

) ; f

between 4 a.nd 60‘C for. 30 ‘min. Bars teprcsent iSD T B ';
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Figure 17 Effeéts of temperature on barley aleurone xylanase stabrlity The punf ted

g xylanase was kept tn 20 mM potassmrn acetate buffer (pH 55) for 2 and 24 h at

v
B x

dxfferent temperature ( 12 to 40’C) and assayed for actmty as ,.,descnbed in. Materials

, Jeom N 5 L
st \-", . Ly :.‘ L :|‘ NE B B .
and ,methods Bars represent i:SD IR t‘,‘s,;,,; ,.«;;,
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,'," labrle Many f ungal xylanases are thermostable and have mgh opumum temperatbres around

50-80 C‘(Dekker and chhards 1976) e Tt e BN
_,”’) ‘\ L . - ,-«. . . ". . o 4" "‘ . .

Barley aleurone xylanase was quue stablel The best storage [emperarure was between 0

i St .“‘M o

and 4C lt should be noted tha[ at -12C enzyme activity was losr (Elgure 17) Calcxum was

f ound to shghtly lmprove the stablluy at 4’C however‘ﬁrt dl(f"stabnlrze the enzyme at’ room

[ . wo
1 K ' s ' R J

temperature A 50% 1mprovement 1n stabrllty was achxeved (resulls ﬂOL shown) ’l'here{ore

.

P )
N

Ca" was mcluded in. the buf fers used .
P . ) N . : f ' e A Coe l“:‘l S

. ) . ! ) N At "
[ \ Py - . . A .
' vy ot e Lo, o Lo !

Effects oflons and inhlbnors on actlvlty " S ! ". T S . "

S Among the chermcals tested (Table 3) \SDS Hg"' Cu“ Zn’ and BrO, v}ér'é 3

3

t K . 1
strongly mhrbrtory whrle Ca“'and Na" had ‘no effect; Potassrum bromate was demonstrated ;
\ . ' l ) ; 1 :
prevrously to 1nhrbu. barley aleurone xylanase at'hvrty as well as [he release of thlS enzyme mlo
Y o oo

the mcubauon medrum (Eastwell and Spencer l982c) Bromate Hg“ and Cu“ are lcnown as

P

v ; ' .l . .
,sulfhydryl enzyme mhrbrtors‘ however the mhrbrtory acuon of bromate is: drf f erem £ rom thal
A i & ‘ ' I
. of Hg” and Cu" Bromate oxrdrzes throl groups of enzymes.,whxle Hg" can react wuth thxol
groups. the amino or 1m1dazolrum groups of lusudme pepude lmkages or can 'cO- ordmate

h

| wrth carboxyl and ammo groups (Webb 1966) Therel'ore barley aleurone xylanase may have

-

| , B ! ' l

hrsudme and/or acrdrc or basnc ammo acrds at or near the acuve sxte Moreovea it may

reqmre a throl group for us catalyuc acuvrty Ethylene glycol~brs (B ammoethyl

ether) N N N’ N'- tetraaceuc ac;d (EGTA) at 20 mM and Cl at 40 mM mhrbued aylanase

Pl

acuvrty 'l'he mhrbmon by EGTA may result from the removal of some essenual catrons e g
)‘ " : RS
Ca” Although Ca’* had no effect on xylanase acuvity n was found to stabﬂrze the enzyme at

g

rooni temperk;ture as drscubsed éarlrer The mhrbulon of xylanase caused by Cl was

unexpected smee u has been generally used as a counter 1on mmost of the bu?fers used :n thrs




30' C for 60 rnmutes as’ dcscnbed Jin - Matenals and mcthods l.ne resuus )w,ere,

’ '\v‘v
l

o

calculamd as the percemage of‘ thc control assayed.,m the abSenée of the xons or~ _

¢

mmbxtors »Thc values represem the mean of at leaSt threc dif ferent dctcrmmauons
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amons of large jonic radii’ (Krueger 1955)

Lhe study on tyrosmase stenc, errects Wele pOSTWIAIed (0 GCCUUNL 101 10w, Jiwuun i
‘ ,\

Bt 1 f .n
. l

o, None of the tested compounds markedly rncreased the actrvrty of xylanase (Table 3)
2 , ,

N 4 . L4
NN o O oy ' ! '
. ‘ . S . . .

TR ’ . ' o ;.‘ . . ‘ g .

H Role of Xylanase in cell wall degradatron and enzyme release

(]
" l'fl

The release of enzymes f rom aleurone cells mto the starchy endOSperm was suggested

\
. . 3

L by Varner and Mense (1972) to be composed of two phases namely the active secretron of

¢

the enzymes across the plasmalemma and ‘the dif f uston release of the enzymes through the cell

e

walls ln\ the presence of GA» the release of enzymes accompames the degradatron ol"

aleurone cell walls (Ashf ord and Jacobsen 1974 Jones 1969c) Ashford and Jacobsen (1974)

have proposed that the dtffusron of the enzymes~through the walls cannot occur’ unless the

' .
u‘. I

walls are hydrolyzed It was of mterest to mvesugate the role ‘of xylanase wrth respect to the /

degradauon of the largely arabmoxylan walls of the aleurone layers and the release of other -

r'.-

" enzymes from-the layers; L V - SROIE e e

A

‘ n ! o . . lnl‘ o “‘ ' R v
A . L ““.ll,‘ ‘ - I ) t‘ . ‘.L " L
Tlme caurse study of xylanase productlon ‘ oo AP R

v : . )
. .

It has been establtshed that release of a- amylase begms between 5- 8 h after mcubauon .

of aleurone layers' with GA, (Ashford and Gubler 1984) Xylanase may play a role in thrs

- rmttal release process 1f it is present 'in, the layers before or dtmng thrs pertod However the ‘,:

N

e

»

“

evrdence m the hterature for the presence of xylanase dunng thxs ume is not conclusrve ‘l'atz

t

and Homgrnan (1976) could detect xylanase at zero ume but Dashek and Chnspeels (1977)

‘ and Eastwell and Spencer (1982b) could not detect any xylanase actmty unul 24 and 12 h of

(e
‘\

tncubauon respecuvely The hrgh conoentratron of NaOCl nsed to dtsmfect the seeds by these ‘

workers can lower the levels of’ xylanase producnon as drscussed earlier Varrauons m seed lots




concentrateu e sampies Uy u»dc Ui uuuuw..uu\.cuuaw. WU BMANGY Gss stavasssasy v oo
Xylanase Was detected m layers prior to' exposure o GA, At zero time, a very low*-—

but consrstent concentrauon (0 11 -munits/layer, absorbance at 520 nm >- 0 1) of xylanase

‘was detected in the layers (Figure 18). ln the abscnce of GA,, xylanase levels mcreased thh

“the mcubauon trme however the total . acttvtty of xylanase was 5- 19 times less than that in: -

-

the presence of GA, Therefore GA did mduce an mcreasc in xylanase acttvtty The mcrease

' '
[

\ of xylanase m the absence of GA, may result from endogenous GA, (Akazawa and

Hara- lehrmura 1985 Ashford .and’ Gubler 1984 Atzorn and Werler 1983, Chrrspeels and

~ .
Vamer 1967) Xylanase accumulated wrthm the layers before it did so in the medtum Af ter

48 h xylanase levels in the layers decreased However tlus decrease was accompanred by an

mcrease in levels of xylanase released into the medium and the actMty contlnued 10 mcrease

‘

for the 96 h measurement perrod Fxgure 19- shows the progresstve increa n ylanase

\acuvrty m the layers and a: amylase in the medlum m the presence of GA, Xylanase acuvtty
) .

s ‘_ 1n the layers began to tncrease at the- same ume as a- amylase acuvrty in the medrum af ter

";"" approxxmately 6 b mcubatron ‘with GA, Srmtlar rcsults were also obtamed by Tatz and -

\
1

Homgman (1976) but the dxstnbutron of - enzyme between the layers and’ the medtum at the .

f rrst 20 h of mcubauon was dtf ferent Thrs may be explamed by the use of different matenal

’

1 e they used 1solated layers and we used layers wrth seed coats attached With the latter we

L !

have found less enzyme it released because of obstrucuon by the seed coat (results not

) ' ! < whe . ’\"
k T AR N 'l, I o

shown) o /= A ) , RN
'm ‘,v ! : n ' !

Tl\e changes tn the concentrauons of morgamc tons PO.’” Mg", and K* rn the

edlum and layers dunng mcubauon in the presence or absence of GA, afre mustrated in

)

Fxgure 20 The levels of these 1ons in the rnedmm mcreased m ‘Tesponse to GA, and the

\ y

mm‘ease Was at about the same trme as xylanase actmty rncreased rn the layers The release of
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Figure 19. Tgmé course of  xylanase activity in barley aleurone layers (e-®) and
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these ions into the medium may partly result from the removal of barriers in the cell walls as

these become degraded| This finding corroborates the results of 'JOnW time course -
of PO.", Mg’ and K- 'release in thev barJey aléurone system, .

Effects o j’ purl fi fed x)rlanase on aleurone cell walls

Although a crude ,preparation of aleurone xylanase has been demonstrated 0
hydrolyze arabinoxylan (Talz and Homgrnan 1976), no ewdence has been provxded until now

a

for a role of xylanase in cell wall degradauon Scanmng electron mrcrographs of aleurone

layers after 4, 20, and 50 h incubation with the purmed xylanase (Fxgure 21) show that after
20 h mcubatnon the walls of the aleurone cells in control layers were still intact comparcd
with the degraded cell walls of layers mcubated with punfred xylanase (Figure 2lc, d) The
hydrolysrs of the cell walls in the treated layers can be observcd (Flgme 21d) as a\groove in
the reglon between two cells In the. control layers (thure 2lc) a groove was not evident, s
(The rough surface is a result of preparatton process, not hydrolysis.) Cell walls appeared o
be more hydrolyzed after 50 h of incubation l(I-.‘igure 21f). The hydrolysis of cell walls began
‘from the area of the middle '-lamella (Figure 21d, ‘22). Hydrolysis of thel walls.at the‘comers
‘of the cells was also observed (thure 22). The same pattern of hydrolysis of aleurone cell
walls was also found in barley aleurone layers treated with GA, (Ashf ord and Jacobsen 1974).

“Jones (19() also observed that the digestion of the walls begins at the areg surrounding the
,plasmodesmata -

[

The layers incubated for 4 h drd not jﬂ'ow any signs of hydrolysis (Flgure 21a b)

Thts absence of visible cell wall degradatron at 4 h, howevcr does not exclude the possmtlrty '

of wall hydrolysts smce the. sensrtmty of see.nmng electron mtcroscopy is limited. Other
workers, when they mcubated the aleurone layers thh GA,. reported variation. m the ume of
the -first detecuon of cell wall degradauon The time vaned from 8- 16 h (Bnggs 1973 Jones
‘1972) | | |



Figure 21. §ca.nmng electron mxcrcgraphs .of barley" aleurone layers after 4, 20 and

50 h incubation in 20 mM potassium acetate (pH 5.5) 2 mM in Ca(NO ), at 25C

in the absence or prescnce of 0.10- umls of punfled barley aleurone xylanase, a, ¢

.

and e: control layers ‘at 4, 20 and 50 h, respecuvcly b, d and f: treated laycrs'al

LY

4, 20 and 50 h. respecuvcly.\T = 1 ,m.
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Fxgure 22. Scanmng electron mxcrograph of barlcy aleurone laycr after. 20 »h :

mcubauon in 20 mM potassium acd;ate\ (pH 55) 2 ‘mM in‘ (NO ); at 25C
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Bascd on" me airect 'scanmng elecuon mlcrograpn OusEIvauLns: auu )\yldlld)C m.uvu) S
AR - ',v .v t

- \-’\
presem in. the layers prror 10! the release of other hydrolases the e:;tem of. aleurone cell wall

",
S ‘,‘w v.' - ' f
A " ; . . [TEV PE

‘
; A

' hydrolysxs by xylanase can be calculated as follows o : t e S ‘
- , = . o DU ', \. o “'vl‘

[ -/1'

A
The th;clmess~of aleurone cell wall 1 5 m (average from 4 cells from scanmng

! . ‘
. ' . Lo [
N l [\ | ! IR

¥ electron mlcrographs) Thrs fi 1gure for wall thckness is srmxlar to the average wall thckness ,

' ,."‘V"'

L (2 ,lm) from Bacrc and Slone (1981a) A much tmcker wall (10 30 um) was reporred by

l

' Jones. (1969a) howe-ver we obtamed about 13 uum thrck wall by:: usmg hrs gaw daLa (an "
ele‘ct"ron rnrcrograph of aleurohe cells) .’ - ":’”,{.‘:" L “ ;\ k\:’ o | i' ,ﬁ—
‘,« ll‘I ;he'aleurorle cell is cublc and‘h’asan average srde of 20 um (l’ rom the scanm‘n"g‘
,electron rmcrographs) the mner volﬁme of the aleurone cell (Withour. cell wall) 8 000 um’ i
' ‘f;‘;?'lf . Volume or the whole cell(ynth cell Wall) (20+3)’ = 12167 um"\ . “
"vj{" ,Ihus,_mmofme cell wall <42, 167—8000 =4 167 ,lm" o S
B L If the cell wall has 2, densrty 1\3 ’ g/ml (averagef f rom the densrues of xylose .sogar | a 1‘;
1 and starch whxch are 1.5, l 6 and 1 5 g/ml reSpecuvely (CRC handbook of chemxsuy and H
" physrcs 1971 The Merck melex 1976) and the densuy of a cell 1 g/ml chen the amoum of | .‘
F .‘ ‘ arabmoxylan in, Lhe cell wall in each layer (Ac) is - -’-;‘ ;.'- o “ ‘. | SR :"\‘ f.‘:;'"
-,,5‘1/:}5‘ R drwv ‘(,1‘,)'",,\ 3 E R i)
o e ey S A T T oo
\ ‘. R N whered r:-densrty of cell wall matenal P "“ | ' ‘ ‘-‘:;: I
i R o ‘ f ‘ arabmoxylan fractzon of cell wall matenal wluch is 85% (McNexl et aI | ‘;- " B e
g \ 1975)‘ . / ST RO s
/ ‘;‘.’: oo dry werght of one layer = 0. 52n;$ | -r’J ' ! - } \ ‘
e .I fracuon volthne of cell wall compared to entfre cell P ‘ ; o " ,
L ‘ o Thus amounll\ ot' arabmoxylan m each Iayer 1 5 x 0 85 X 0 52 x 4, 167 / 12 167 R
o . ' 11\ ‘
S, 23 mg [ TR {fr',.
2 : ‘ o Between 3 and 6 h mcubanon with GA,. rhere wcre 0 13 and 0.25 m‘nts of xylanase

m each la.yer respectrvely. wlnch could hydrolyze approxrmately 2 6% of {he cell wall ’I'hrs

R amount of wall hydro‘ ysrs 1s probably enough to permxt the release o( enzymes and other S ol

-



oy

R ‘Moreover. it has been observed that the bmkdqwn .ot*?'

release ot‘ acrd phosphatase occurs through channels in the aleurone cell walls. If hydrolysrs by

J .

) xylanase is concentrated at such pores the above percentages would be even more effective m ‘

" g . ) ' o
1

enabltng exrt of enzymes _ AR

a‘.

“"_ Xylanase ls present m the Jayers-at: an actrvrty of about 4 mumts/layer at 24 36 h By

thls trme the acuvrty of a amylase is found pnmanly tn the medrum whrle that of xylanase .

A P

" ‘ @

o 'cell wall T‘he strong bmdmg of xylanase to the substrate may asstsl the enzyme whxch is

" : small m amount to hydrolyz.e the substrate more- el'ftcrently durmg the early stages of,

~ l",

1

.‘.'_,'germxnatron Xylanase can btnd. Strongly to DEAE cellulose but not DEAE Sephadex T his

. Q‘ "

' ",wall polysaccharlde arabmoxylan cellulose ant‘l B- 13 1, 4 glucans are l‘Ound in the aleurone

serve as bmdlng compounds l‘or xylanase smce they all have B-1. 4 lmkages

Xylanase actlvrty in the rneﬂl_n_t_}ncreases dramatxcally (Frgure 18) aftes 48 h. By thts :-‘

n .

j‘ttme a 60% loss of the cell wall pentose has been’ shown to occur (Dashek and, Chnspeels

aleurone cell wall has been degraded and the release of other hydrolytrc‘ enzymes has reached a ...

R}
A

| ,plateau (Ashford and Jacobsen 1974 Eastwell and Spencer 1982a Jacobsen and Vamer 1967

Jones 1971 ‘l‘alz and Homgman 1976) The endbsperm cell Wall has sunllar polysacchandes to

that of the aleurone cell wall but there is 25% arabmoxylan m endosperm cell wall as opposed
to' 85% m aleurone cell wall (Ballance andv,Manner 1978 P“thcher 1975 chher 1976)

ndosperm cell wall precedes the attack

,‘,_ S, ' a

S " on starch (Dtcksontand Shands 1941 Morrall and Bnggs 1978) This observatron lndleates the

r vlrro expenments to in vivo sntuattons Ashford and&cobsen (1974) prowded evldence that ‘~

. is located pr\manly in the layers It is possxble that- xylanase rs bound to 1ts substrates in the: -

.‘ mrght trnply that xylahase can blnd to cellulose ln the cell wall Apart\ f rom the major cell -

"cell wall (Bacrc and” St’one 1981b McNetl et al 1975) All of these wall polysacchartdes may.

o 1977) It is mterestlng to consrder why they:e is. such a large arnount of xylanase after the




,“ Yoy . ",

o , endosperm cell wall by xylanase mrght f acrluate the ehtry of hydrolyue enzymes and/or suPPly

v‘ \,u "‘l " ,‘

sugars (xylose arabmose and Lhexr prodlxcts) as energy sources and/qr for c0nversron o

|. K ot

componenls of polymenc compounds (e g nuclelc acrds) in Lhe groMng embryo (Morrall and

v .,r,,

ot

Bnggs 1978 Stone L985) In addrtion xylanase rmght also serve as' an vrmportant factor m

'.' ,, F',“‘ r,y, f ., R \_ o '

producmg cell wall hydrolysrs products thax may ‘serve 4s substrales in brosymheuc reacuops

LA

; | and resprrauon in’ both the Seedlmg and in barley fed anlmals (Stone 1985) | n
.’ nor ! R l oot ! ‘\. ,":I ‘. Tl . ' ;"' ll . ,‘ “ “‘.‘ B :J"-o"; '
‘ ‘L Glbberelhc acrd and xylanase synthesns N R

P ‘,,‘l TN - S , SO o
Grbberellxc acrd has been suggested to play an 1mportam role m the initiation of

)

o carbohydrate and hprd metabohsm rn Cereal seeds by mducxng the synthesrs ol‘ many enzymes v

1 l

for starch degradatron ﬂ oxrdauon of fauy acids (Laxdman 1983) and lecn.hm brosynthesrs

[

L ' [ ' Y .
AR (Johnsoxf and Kende l971) The lncreases m the acrmty of hydrolases in response to GA were

_— proposed 1o result from the de novo synthesrs nol from the acuvauon of exrsung enzyme

\ '
Vo . ,I ¥ A
" f

precursors (Bnggs 1963) Barley aleurone a- amylase and protease haVe bcen shown 10 be

LR N A

' synthesrzed de novo in response to GA, (Frlner and Vamer 1967., Jacobsen and Varner 1967

[

o
el

Varner e’ al 1965) In the ,foﬂowmg expenments cyclohexumdc wlnch mmbus protem R

E ffects of cyclo/zexlmzde and cordycepm on xylana.se synthests ' '_’ ", \ '7 o
coy ", 1.‘, MK i ! 'L v b“ ‘ . '
e f,Cyclohexnmde rs known as a.n mhrbrtor of protem' synr.hesxs m eukaryouc sysgerns lt

A t [, b ]
. . “, i l g ’ r i ,.’
4o

Co 1982) "-Cyclohemmde at 10 ug/ml mlnlmed the synthpsrs of barley z:leurpne xylanase almosr
o i A ' “) l"kl" S 4 ?/

‘ i syn;hesrs cordycepm wmch mhrblts RNA synthesls and a densny labelmg techmque (l—lu eb, ‘l g

. .’.l‘-‘\h, .



xylanase Ten aleurone layers were mcubated for 72 h at 25°C m 2 ml of 20 mM ) X

. Cne
: &7, o succ1mc acnd 10 uM GA, anp 20 mM 'Ca(NO, ), m the . absence “or presence of 10
’ ‘ ug/ml cyclohe)umxde or cotdycepm The applxcau0n of cyclohexxmxde OF cordycepm
. was at; enher 0 or 12 h- of mcubauon Xylanase in the mcubauon medxum and in,, h
ER the layer extract was pxepared and assayed as descnbed m Matenals and methods -
AN S o ‘
- The values represem the mean of at leas( four dlfferem determinauons :tSD
W . i Lo } o N o o
R Inhibitor, & ", ‘ Xylanase activity (munits/layer)- o v
.' . 'y‘, i ‘.u [ ‘i “ ) e ‘.: “ul[ . ‘,l: . “" . ! B . A | ',' ‘~.
w4, Treatment tme oo © . Médium . . Exiract’
[ CeLool — P A N 164 £ 408 089 020 '
by F o GcycloheximideO ho - 014  0.04: R "12' 0 !
“u’". 1‘\"‘A "‘_' ! ' X BN e .':‘ ‘) ‘\‘ \‘ ,‘ ' Y ' ' o “ ) 1 . ' '"‘-. ll
cordycepin O b . .Y 049, % 007 1 187 £ 035. 0
o " cycloheximide 12 h ' CoL. 00 4 041 w024 %003
i { Coa S P crn X b Il : N
Ay o C- 244 £ 089, 106 £ 0.45
]# . , ; ' e l L LT K e B [ . e
1) ) J L o o f .
) R f | ¢ \ 0 o ) X 1 .,, \
: o .‘.('\
; (‘ :
. .i‘
4 ' N ’v
o R | . A
S Sy
I 'JEI W '; 'b'.




,’l‘hrs mcrease in  xylanase levels in, reSponse 10 UA, may Tesuit rrom e aeuvauon Ul

?" preexrstmg precursor of xylanase by GA, However another possrbrhty lS that xylanase ma)':
‘w Voo,
: :‘wﬁ Qq:f(f be synthesrzed de novo but the turnover rate ol" the enzyme may be hrgh and/or the enzyme ‘
S may be less stable in the presence of cyclohexlmrde (Af ter applrcatron of cyclohe\xrmrde the',‘f
R mcubation was contrnued to complete 72 h mcubatron ) ‘., Ly e i

Cordycepm whrch lnhlbl[S both the transcrtptron of, and poly(A) addmon to RNA .

(Suhadolmk l979) also rnhrbrted 28 and 80% of the synthesrs of barlev aleurone xylanase when |

Ll

l . added at O and 12 h, respectrvely, after GA, apphcatron (Table 4) When cordycepm was‘“

{
I,
'
[

: added at; 12 h there was a small lncrease (8%) in the xylanase synthesrs compared wrth,zero :

[ B -,': \ N ‘.. by e . i I v ’\I t '
'ttme R : - - . ‘ [N C O
: ) . ' o v U ) .
ne. I LT \l,,‘~l, o o .
‘< B [ R ' R : , LN
IR

; The data tn Table 4 suggest that there is preexrstmg mRNA f or xylanase at zero time

b
4

I srnce when cordycepm was added at that. ttme 2 06 mumts of xylanase/layer was detected i.e.

Y i ' v N M

' " Ve

the synthesrs of xylanase arose from the translatlon of the preextstmg mRNA (T hrs assumesy

‘ ! ' complete effectrveness ‘of cordyceptn rn ‘the tnhrbmons mentroned above. ) Thrs rnterpretatton.'
I is pamally based on the data f rQm the cyclohexrmrde vtreatment at’ zero trme whrch mdrcates,'
that there ,was only 0 14 mumts of\ xylanase/layer The xylanase respOnsrble for the acttvrty o(
0 14 mumts/layer was l.rkely preextstmg enzyrne As dtscussed on page 52 there ‘was‘ 0.11

'» , v. !

mumts of xylanase/layer m the layers pnor to exposure to GA, 'l‘herefore cyclohemmrde

' ‘}ecould tum off xylanase synthesis tmmedtately and completely when rt was, added These

L . o .
i ) L h ‘. [

results mdrcate that all of the xylanase actmty mdUCed by GA, requtres the Synthesrs of new | |

L

S 'xylanase Cyclohexttmde tnhlbrts about 95% of a- arnylase and prOtease synthests tn the barley

4,‘ i

‘aleurone system (Jacobsen and Varner 1967) We obtarned about 93% mhtbtuon\of a- amylase .
o V] . ’;l‘ 3‘& B
L ‘by cyclohexnmde (results not shown) Although cordyccpm added at 12 h 'af ter GA, '

o “-appl,guon. was less rnhtbrtory than when added at zero ttme after GA, rncubatlon tt 'Sllll

' ' \"tnlnbtted about 80% of the total xylanase synthesrs. Thrs result tmplres that the synthests of

[ v A

'
! . '
s

R xylanase mRNA was sull progressmg at 12 h ot‘ mcubauon wrth GA, and/or that xylanase




n\"

Uwwih AU Vv W waseepewes -y = -

. i’

) thrs time drd not mhrbrt the syntheSts of these two enzymes (Ho and Varner 1974) We f ound
that 85% of a- amylase actrvrty was obtamed when cordycepm was. added at 12 h af ter GA, L

(results not shown) lt was suggested l;y l-lo and Varner (1974) that a- amylase mRNA was - .

i
qurte stable Cordyceprn has been reported o rnhrhrt the mcorporatron of undme rnto total

RNA to the same extent at erther 0 or, 12 h after mcubatron w;th GA, and to mhrbrt 50% of
total proteln synthesrs (Ho and Varnef: 1974) ‘ ' ' ' T

A 4 . . oo
L ' . Vo [ L °

"-'

De novo synzhesls ofxylanase R . " e _ “' ]

R The densrty labelmg ongmally came from the study of DNA replrcauon m vivo R
(Meselson et al 1957 ‘Meselson and Stahl 1958) and was frrst applred by Hu et aI (1962), to
".the study of protem synthesrs The prmcrple behind thrs techmque is that when the tlssues are '

X supphed wrth a con&pound contammg a heavy rsotope that ‘can be mcorporated rnto amrno
¢ “\

lacrds ‘uséd. for protern synthesrs the newly synthesrzed protem wrll be heavrer than'-the
" , ‘,\ ’
preformed protern ln the barley seed System the densrty labelrng techmque has been used to"
\ -

demonstrate the de novo synthesrs of many enzymes namely, a- amylase (Ftlner and Vamer R
1967 Hardre 1975) protease (Jaeobsen and Varner 1967) pero;udases (Anstme et al.. 1970)
B- 1 3 glucanase and rlbonuclease (Bennett and Chnspeels 1972) acid phosphatase (Chrispeels
and Varner 1973) and hmrt dextnnase and a- glucosrdase (Hardre 1975) The source of heavy )
lsotope was erther deutenum oxrde (D O) or H,"O The D or "O labeled ammo acrds were
derived l‘rom the hydrolysrs of \}recerve proterns in aleurone grams (or protem Bodies) in‘the -
presence of D,O or H,"O (see equauons 2 and 3) ' v |

Lot prowin 4 DO —> RCHNHDCOOD o |
protem + H,“O ——> (RCﬁNH,C“O"OH <—:—> RCHNH C"O“OH) (‘3') : ~‘

‘l'he D or "0 labeled amino acrds ‘were then mcorpotated into’ the newly synthesued protem

which would in turn exlnbtt higher buoyant densrty than um wrth unlabeled amino acrds By .

B .-.
" LR e .. 5 e 5 ' P ' N . e e
L AN R T [ [ S
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v,

: o radroacnvrty deterrmnauon as suggested prevrously (Chnspeels and Vamer 1973)

u ' : \v’-'\ e
In. the present experiment, when barley aleurone layers were mcubated with succrnate .

’

buffer GA, and Ca(NO )1 prepared in D,0, H O or H,"O after 7” h perlod of lncubatron

drstmct dtfferences in the appearance of the layers 'were observeq The layers f rom the D,0

\ preparatron looked drfferent from those from the H O or H,“O The layers from the’ D O‘

o appeared unchanged or thrck as opposed ta tlre 'thin’ look of the layers, of those from H O

R or H Q0. ln normal expenments thrn' layers were always obtarned The thm look of the

layers may be a srgn of dymg cells wlnch may result f rom the hydrolysrs of .the prorem bodres
' 4 E
and/or cell walls.’ The Jtylanase actrvlty obtalned from the prepatauon in 73% D,0 was about g

7 times less than that from the - preparatlon m H O and 5 trmes less than that f rom the
preparauon in 80% H,“O ’I‘lre lnlnbrtron by DO of acrd phOSphatase and peroxldase

synthesrs m barley seeds has also been reported (Ansune et al. 1970 ChrrSpeels and Varner

o~

1973) At 75% D Or the growrh of barley embryo was mlnbrted (Anstme et al 1970) [t ls

lnterestlng that the plant is sensrttve to rsotoprc change Some properues of D,\O are dif ferent'
~fror:n t_hose of HlO (e g densrty borllng pomt eLc; ) On ‘the. other hand xylanase actrvrtyh 4
obtamed f rom the 80% H,“‘O preparatlob was about 70% of that f rom H O Therefore H."'O .
-; is the better label when compared to D0, However the lugh cost of H,”O lS a llmiung "
factor (275 umes lngher than D,O) The penod of lncubauon for thrs expenment was
e)ttended to 120 h mstead Qf 72 h m order to get enough enzyme from the D O preparatlon
In prelrrnmary expenmenw CsCl, was found to both mhrbrt the xylanase actrvrty and
quencll the radroactrvlty Cestum chlonde at 25% saturatron lnlnbrted about 10- 20% of the
: xylanase acuvrty (The coueentratron of CsCl drstnbuted in the CsCl gradient was about 23%‘

lat the top and 40% at the bottom ) However the effect of CsCl on the xylanase assay in thc

‘ l‘; densrty labehng experrment was - neglxgxble smce rt was dtluted (20 tnnes) wrth the substrate‘

i\

' solunon The quenchmg of radroacttvrty by CsCl was reduced by addmg watcr before the \

R
L




The. 'r\esu{rs of. the dcnsiry labcling in D, U or H,"U comparea 10 wat m n,v ae

shown in Figures 23 and 24, respccuvcly In each hgure the position of the radioactive

marker ovalbumm was hned up to cgmpare the posmon oWnase The distribution of the

radroacuvny and xylanase acuvrty in /eacIT@xpénment was similar and close to the normal

‘ curve T slrgm devraqon from the normal curve was observed. This may result from the

hcterogenerty of xylanase anq/or the drstuernce of the fraction durmg the collecuon The

,devram)n f rom the normal curve also occurred in the marker The der}srty of the marl\er as

-

well as the, xylanase was determined by averaging the mrdpomts of the peak at (wo drfferem

peak herghts (172, 3/4 peak hergm) The refractive indices were converted to densuy using ?

)

refractive index table (CRC. Handbook of brochemrstry 1970),

The marker and xylanase in H,O banded al densities of 17942 and 1.3075 g/ml,

respectively (Table 5) The densities of xylanase in the experiments with D,0 and H 1O were

W 3218 and 1,3191 g/mi. respecuvely (Table 5) The density shifts of xylanase in D, O and

~
rl,"o were 0.0143 and 0.0116 g7ml, or 1.1 and 0.9%, rqpectrvely. Hu et al. (1962) calculated

. N , ‘
the maiimum density shifts in the presence of 75%.D O and 80% H,"'O would be 0.045 and

N

0,024 w/ml, ﬂecuvely However these frgures were based on an assumpuon that 100%

‘replacement by. the heavy lSOtOpes was achieved Filner and Varner (1967) based on the

' -aminp acxd composmon of a- amylase have reported that the peptide Zz‘tbonyl oxygens

account for 14.4% of Lhe mass. They expecred Ahat the increase in tl} mass of a- amylase in

Lhe presence of 80% ,“O would be 0 72‘/ however; they. obtained 1.1% increase in mass.

Al

Jacobsen and Varner (1967) aisg found 036% Qensrty increase for barley aleurone protease
/

‘ denﬁty and the expected densrty mcrease are as foi]ows

rd

‘ "labeled with H,“O If we assrime that xylanase has about the same numberhﬁe peptide

ca:bonyL oxygens as a amylase does the same percentage increase in mass (0.9 ;) will be ‘

-

applted o xylanase as well 'I'he possrble explanauons for the difference between the robserved

\ )

t

X t/ 1. The buoyant densrty of a prbtern is' xncreawd at the fhrgh salt gradient (ff\

.
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~IFi8ure‘ 23. Dism‘Bixu‘on of barley aleurone xylanz;se in H,O and D,O Barley alcuror?
"layers‘ were incubated fojb 120 h at 25°C in 20 mM succinic acid, 10 uM GA, and
‘20 mM Ca(NO,); (pH 5.5) prepared in H,O (a) or 75% D0 (b). The c;xzyrnc |
~was prepared from the incubation medium and the layer extract, Arm'xcd ‘wifh,
~ “VC-"mcthylat‘ed/ __6}\valvbumin‘ and CsCl,‘A and . subjééféd to. an isopycnic cq;xilibfium
spdixﬁf:xi@tfon ps d&:ribcd -in jMat;r'ials and methods. oo Xylanase® activity, 0-6
radioactivity, a;\c 'rcf‘ra\t}VQdex. : |
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_Figure 24. Dmnbuuon of barlcy aleurone iylanase in H.O z;nd H,“O Barléy
aleurone layers were mcubatcd for 120 h at 25C in 20 mM succmxc acid, 10 uM
ard 20 mM Ca(NO,), (pH 5.5) prepared in H,O (a) or 80% H,"O (b).

cnzytne was prepared frqm the incubation medium and the 'layer extract, rmxed with
I“C mcthylated ovalbumin and CsCl, and sub)ected o . an isopycnic cquxhbnum
scdxmgntauon as @scnbed in. Materials and methods. e- . Xylanase 0-o radioactivity,

o-orefractive index.



lavbcling study, Qarley alcurone-‘l;iyers were incubated for 120 h at 25°C in 20 mM
succinic acid, 10 uM ‘-and 20 mM Ca(‘NO,‘),'g,(pH‘ 5.55 prep.aréd in H,0, DO or’
"H,"'O. After incubation, xylanase"- was pre.pa'red, ﬂmixed'with “C-methyiatcd ovalbumin
and sanirat'ed. CsCl, ,and‘ applied - to’ an isop)"cniq' :thu'il‘ibnfum se e tation as
desclribed in Mategjals and methods. The Ivalues représem the Z:::“ of* four

experiments +SD or two experiments +SD for ovalbumin and xylanase in ~H,‘O or

D,0 and H,"O, ‘respec;ively.‘ '

‘::‘Sam;')le‘ y.‘ " Density ‘Density shift from H,0
LN ) (ymh)
"“N‘C-methyl‘ated' ‘.(’ 12942 + 00112 ,
ovalbumin ' o B .
Xylanase in H,0 13075 £ 0.0039
\‘ N N “ . } .’
xyl#hase ip DO - 13218 + 0.0085 0.0143
“xylanase in H,"O 113191 £ 0.0062 - 0.0116




percentage used for the calculatron The: percentage of 0. 72% was obtained when only one-nail

'

\ 1

‘atom of oxygen was labeled (see equation 2)
)

; 3, Exchange may occur between H,“O‘and oxygens other than the ‘peptide ‘carbonyl
oxygen:
4. The newly synthesized protein may trap some of H,"'O ‘inside the molecule as it

]

folds. . " Lo

5. The protein has a'carbohydraterportlon in its molecule. In other words, it is a
_glycoprotem Since carbohydrate ls an oxygen -rich’ component the possrbrluy of exchange

'y

g between “O from H,"O and 0O in carbohydrate molecule may occur, The densrty of

carbohydrate 1s\also higher than that of protem The densrty of carbohydrate 1s about 1. 5 1.7 ..

. ' .l’\
" . A

| lg/ml whrle that of protern is l 27- 1.35 g/ml (Ansttne et a! 1970).
 In. addmon the last three possrbllmes also glve a false posrtwe for the densrty shift. As"
E menuoned earher the shrft in densrty of 0 045 .g/ml can be expected in protem labeled with |

75% D 0] (Hu ex al. 1962) Other workers workmg wrth 75- 80% D,0 found that the. mcrease

in the densrty was 0. 0163 (1 27%) and 0. 0174 (1 30%) g/ml for barley.half seed ﬂ glucanase o

and nbonuclease respectrvely (Bennett and Chnspeels 1972), and 0 0217 (1 6%) and 0. 017\ '

; v'g/ml for germrnaung barley acid phosphatase (Chnspeels and Varner 1973) and peroxrdases |

N .(Anstme et al. 1970), respectrvely The posstble shrft in the densrty due to the exchange

~ between the deutenum of the medxum and the preexrstxng protem and the trapptng of D 0 m‘
©

the a-amylase molecule were proved to be negl,rgrble (0 0008 g/ml Anstme et al 1970) The

. shlft in the’densrty contnbuted by carbohydrate was also ruled out smce xylanase does not

a

' contam a earbohydrate group (page 36).
e 'l'he results of the mhrbttor study and the densrty labelmg'study mdmte that there is
de novo synthesxs ot‘ ‘barley aleurone xylanase in response to GA,. In addrtron when the g

>

' aleurone layers were mcubated wtth the routtne mcubatton medrum plus ”S methromne and

| }the xylanase prepared l‘rom the mcubatron medmr.n was run on rhe SDS- PAGE the"k_ .

[
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nino acxd into. the xylanase molecule can be obtamed lf the sample 1s. electrophoresed on a‘

e v

on- denaturmg gel system and the bands of proteln obtamed from a ﬂuorogram are matched .

) an acnvnty stain for rylanase However an actmty stain for xylanase m barley alehrone '

rstem has not yet been achxeved Thrs Tailure may result from the lack of a good'

on- denatunng system for PAGE An acuvuy stain for xylanase from fungt on PAGE has

4

een, repo}d (Btely ez al 1985, MacKenzre and Wllhams 1984) . ; ".' s BT

v,
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Role ol‘ calcrum and calmodulln on\ the synthesxs and release of xylanase

l-' . { . ..'

In the expenments on GA,- mduced «- amylase m cereal aleurone layers, mclusmn of

latt in the mcubauon medmm is always reqmred lt has been suggested that Ca‘ is essenttal b

o

»

. ) l\
or the stabtluy of Q- amylase and it has been shown recently to be’ reqmred for. the syntheSLs

nd secreuon of barley aleurone a- amylase (Chrlspeels and Varner 1967 Dekaan and Jones
985) Calcrum Was also mcluded in the mcubauon medtum for the expenments on barley

Y lanase by ~prevnous workers (Dashck and Chnspeels 1977 Eastwell and Spencer 1982b Taiz

,:f

nd Homgman 1976) but its ef fects on xylanase have never been studxed

r iy
"

, . " p
"‘ffects- of calczum and other lons on the symhesxs and release of xylanase
Table 6 shows the ef l'eets of GA,. ‘Ca“’ ‘and certarn other mns on the synthesrs and

elease of xylanase GA, or Ca" alone drd not mduce a large mcrease“m xylanase actmty

-Iowever when GA, was apphed srmultaneously wnth Ca" the synthesns mcrease;l

Ve

remendously It is evrdent from Table 6 that 11t 1s Ca“ not the amons Cl or NO, ; that lS L

eqnued for the GA, tnduced xylapase acnvrty smee CaCl, or Ca(NO,), gave sunilar results
htle NaNO, m;ll.lced only a small mcrease Call:mm has been shown to be essenual for the
,ynthesxs and secretton ofna arnylase m barley and nce (Detkman ~a'hd lf)im 1985 Mitsux et
d‘ ‘only small effect on xylanase

al. 1984) Other 1on's such as the mohh\ralent eatxon. Na ;

“ ’/’




' the l‘ollowmg medta

i on each medmm ‘are- ngen m Matenals and methods

\

medxum and m “the layer extract was prepared and assayed as descnoed in Materials

b

:SD )

[N )
i

\

\
'

succmate buffer or succmate buffer ..

Xylanase m

\
o

.
L

;.
LS
A

plus "GA,,
GA #CaCl,, GA,+NaNO,, GA +Mg(NO )R or GA,+SrC1,~r Detanls.

the

and methods The values rep;escnt the mean of at least four dtfferent determmauons‘

tey

SO Xylanase ‘activity (munits/layer)-

© eApaa,

1568

o H'

:l:‘f"‘

i !

L1826 £ 19

0.38
© 008 £
013

0.8

+

“‘\ o Me‘d'il,u'm‘q . " Extract .
‘L ' v . [N ‘.“'“"." o /Tl ‘ v
- , T ":l: 0 qo4 £ 005,
‘GA‘;u oltof'.;t 009 007+ 003 -
| RN W D L ! ,
o Ca(NO % o ‘Qll'o.n;iqo.sl 023+ 021
" Ga, +Ca(NQ',)z e 418 089 £ 020

0:21 -

f0.93‘ .

0,02

0.03 : "

o GA,+Mg(NO ),*1';_ t ,;10.0’9‘
TSA,+Src1, - )
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to replace Ca‘ for a- amylase synthesrs and release (Chnspeels and Varner 1967 Mrlsur er aI

1984) Stronuum subsurures for Ca’ - ln many brochemrcal processes The abrlrry ol‘ Sr2 to

' " o ‘ i e

rice (Jones and Iacobsen 1983, Mitsui er al 1984) ,‘ T ';‘;'. B

N

,‘ ‘ As has been drscussed earlrer Ca2 was not reqmred for xylanase acuvrry and Cl-

t ".‘ ‘\

' 1nhrbrted Xylanase (page' 49) From Table 6 however Ca’ ‘was defrnnely essentral for ,

R the enzyme were not drscern(ble since: Caz also af f ects the synthesrs lt has been reported rhar

| . . - . .
i i , ' v . .
L om . ' i o . - . B .o A

sy

‘ 'xxylanase rn the p?eQence of GA, are shown in Flgure 25 In the, presence of 1 mM Ca"., -

the ormssron of Ca’ from the mcubauon medrum suppresses Lhe elease of a- amylase acrd}

phosphatase B glucanase protease and nb0nuclease from barley a eurone layers (Jones and

Jacobsen 1983) Itis noreworthy rhat the requrremem of Ca* f or th release of those enzymes

‘ B
"

may partly result from the mducuon by Ca“‘ of synthesrs of ylanase whrch in rurn

Ahydrolyzes;.the;ce,ll wallg)' |
T

A
. p/ oo

E fjécts of dr fjérent calcmm concentratzon: on the syruhesls and release 0 f xy[anase

)

The effects of anous concentrauons of Ca"‘ supphed as Ca(NO ),. on the levels of
N 2 // .

S

achvrty was, obtamed at Ca" concenrrauons from 's- 40 mM Thrs l'rgure was srmrlar o the
Ca" oncentrauon requrred for barley a amylase (5 20 mM Chnspeels and Vamer 1967 B
Jonee and Carbonell 1984) but was much lngher than MW for nce a- amylase (Q 5 ‘ i

mM Mrtsmetal 1984)

‘..'i‘

108%\ respecuvely, of rhat in the presence of Ca‘ Magnesrum has been found o be unable

subémue for Ca’* has been shown m the svnlhe’srs and secretron of a- amylase m barley and W

xylanase synthesrs and Cl drd not affect rhe sym.hesrs Any ef_fects of Ca2 on the release ol‘ ‘

el oL -

%‘; xylanase acuvrry was at leasr 60 umes hrgher than- thar i’ rts absence Maxrmum xylanase . S
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“4.”Ca" bmdmg protem‘ ,may act as’ a Stgnal transducer of Ca‘ Calmoduhn e\hlblls

Ca" dependent regulatory acttvlues lowgrd several enzymes and protems (Corrmer 1983)

“ Calmodulm has been found in plants tncludtng barley (Grand et al 1980 Marmé and Dleter ‘ o

1983) lt bmds to phepothrazine drugs e. g chlorpromazme (CPZ) and mflquerazme (TFP)

maCa‘ dependent marlner B ', o y‘. g f '

0 .
'I '

Table 7 shows the effects ol‘ CaM s, well as, its antagomsts CPZ and TF}’ on the

synthesrs and release ol‘ xylanase ln the presence of GA, and Ca” s calmodulm at erther 007

",
1 \

or 5 ug/ml dld ot srgmfrcantly tmprove xylanase acuvtty v hat obtamed wnth GA, and
. Can alone Calmodtllrn accompamed) by GA, m the absence of Ca2 caused a, smail mcrease o
in the levels of xylanase Small change in actmty was also obtamed when 30 ltM CPZ or TFP _ .

- was added to the GA, and Ca(NO ), edrum Chlorpromaz.tne and trrf luoperazme at 500 uM
2 decreased the syhthesrs as well as the release of xylanase The effect of TFPwas stronger‘ than '
‘ that of CPZ ag, the same concentrauon When 0 07 ug/ml of CaM was applred srmultaneously |

;wrth l[S antagomsts the tnhrbmon on both synthesrs and release of xylanase was lessened The

E | ﬂotal acuvrty of xylanase obtamed in the presence of CaM+CPZ and CaM+TFP was L73 and
35%, respectrvely of that tn the absence of the antagomsts Full actmty was not regamcd

R s :
' ,Thrs may result frorn an madequate amount of CaM and/or the non specrftc effects of the

“ ‘ phenothrazme drugs on the aleurone cells asﬁhave been found tn anrmal'cells, (Rouf ogalrs 1;982
Roufogahs 1985 Calmodulm cannOt completely reverse the mhxbttron 'of rat erythrocyte |
Cat - Mg” A'TPase by 100 u.M TFP (Levrn and Wetss 1980) tAlthough CPZ and 'I'FP were

~’ . :‘ Sapphed at commonly used c0ncentratrons those that mhrbrted the synthens of xylanase are :
v’."j"fl"probably too hrgh to specxfieally' ‘ > |
*}Roufdgahs‘ (1982) ‘has recommended th use of concentranons of 10 30 uM of‘ phenorhrazme

-

nstrate the role of CaM m rhe synthests of xylanase

*They are found to

% ; : ‘drugs for CaM amagomsm srnce these dru : are not specrfic for CaM




‘bsuccrnate buffcr (pH 5 5) and the concentrauon of each cbemrcal was 20 mM"

' succrmc acid 10 uM GA,. 20 mM: Ca(NO )1 007 or 5 ug/ml CaM 30 or 500-'

f' M CPZ and 30 or 500 uM TFP Xylanase m thc mcubauon mednum and in the |

layer cxtract was prepared and assayed as descnbed m Matenals and methods » The i

values répresent the ‘mean: of at’ least ‘four drfferem determmauons +SD

e
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synthesrs of xylanase are only prehmrnary andlthey requrre much more work befOre they can

‘be tnterpreted wrth any degree of conﬁdence However CaM is one of the possible factors‘”‘ -

o that may be rnvolved m Ca2 mduced xylahaseiynthesrs and release S ‘3' S ;

“‘ elongauon cell dmsron enzyme secretron an hormone acuon (Hanson 1984 Hepler and’l_‘ -

but’ thrs role has ‘been accepted only recentl for plant cells The other common secondv -

»3

3aleprone cells

Calcrum has been reported to control any physlologrcal processes m plants e,g cell‘

i

(‘ '\ ‘/

‘Wayne 1985) Calcrum has been categonzed a3 a second messenger in ammal cells f or years‘ .

l

\ messenger in ammal cells rs cAMP Although cAMP is- present in some plant cells 1ts role as a'.‘ C

i ;o «{

. second me35enger has never been proved It is not known whether cAMP is presenr ln‘

\ ' B

P
K W

A The results shown above mdrcated that Ca‘ regulates the sSmthesrs and release of {

xylanase ‘but the rnechamsm is' unknown The general mechamsm by whrch Ca"“ modulates a.

.
i

‘response is* through a change 1n its, free concentrauon wrtlnn the cytosol (Hepler and Wayneuy '

1985)1 Ata hlgh concentration Ca" can bind- erther dlrectly to a target protem and get the ,"'

response or toa modulator such as CaM The latter may bc posslble m the regulatron olT

; tylanase sy 1s smce CaM and its’ antagomsts changed the synthesrs and release of xylanase .

"(Table 7). The Ca"—CaM cqmplex may play a role in the actrvanon of some protems that

"t i .

lthen actrvat’e the synthesrs and release of xylanase Calcrurn dependent protem ktnase and; L

't l" ‘1‘

" vprotem phosphorylatron have been found recently in pea shoot (Hethermgton and Trewavas

1982 Marmé and Dteter 1983) Calcrum 1ons were suggested to .he requtred f of the translatton“.'

.» ' LA

of a amylase mRNA or for the posttranslatlonal proeessmg or transport of group

B a-‘amylase not at the transcnpuonal level (Derkman and Jones 1985 Derkrnan and’ Jonesf i ";"




'
i

transport have bcen descnbed One mechamsm is Mg“-requmng, VCaM sumulated, o

Ca“ ATPase and the other 1s Ca“/H exchange that is. dependent on a pronon motxve force' o

Vv . .
b . \

(Hanson 1984 Zuccln and Hanson 1983) "The latter mechamsm may act in- the transport of R

Ca” into aleurone cells smce a drop in thc pH of mcubauon medxum was observed (page 39)
" {

Passxve transport of Ca" may also be mvolved m Ca’ transport mto aleurone cells, as, has‘

“ h A .‘ \

i been suggested l‘or the transport of Ca’l in roots in two legumes and three cereals (Hanson‘.‘

1984 Monesuez et al. 1982) Hatnabata et aI. (1986) have pl‘oposed that the source of Ca“ m_ 3

Ca gemnnaung wheat ;s the qndOSperm m wlnch the Ca" ls solubnlxzed by the acxduy produced

by aleurone cells However more mvesngauons are. needeq in suppon thetr proposal : ,»: l' ~

! T D o ! : ' . oyt
. ) , \ ) . U egna . . ' [ i '
' S : . ’1“ " ‘ KN s NN .,’ [ ! \ '
. o B , . - ' BT i v W .
' . Lo ! . i L * ¢ . )
\ .



‘an enzyme xylanase that hydrolyzes the xylan baclgbone of the arabmoxylan A possrore rqle

"

4 of thrs enzyme lS Lhat ll mav be mvolved ln the’ cell walr degradatton ol‘ aleurone cells and .

permrt the r&tlease of other hydrolyttc enzymes from aleurone o endospermt However

- Y f
¢ v . ..‘ .

B supportlng evrdence has been lackmg “ R

B

0

ln the present research one and the r‘na]or form of xylanase was punfred from barley‘

aleurone layers The .punf lcauon procedure was chosen S0, that the enzyme could be obtamed

m a few steps The enzyme was punf 1ed 29 fold The enzyme wasi relatrvely small m size: The

molecular welghts were l‘ound to be’ 34 or 27 ltD as determmed by SDS PAGE or/ Bio- Gel ,

A ! A

P 200 gel f ﬂtranon chromatography respecuvely It gave a negatlve stam.wrth a PAS reagent ‘

,\ » 4 "oy

for a glycoprotem The pI of. ;tylanase was 4.6. The optlmum pH was 5.5. for both a?(mty
l .

K v . -

l"l between4and6 ,‘ l ‘ B P ‘,.: ‘_.' . \

T . ' ', ' :
oo . ,lo‘ !

<

0 4C~respectrvelyﬁ The~ Km and Vmax were 086 mg 4of )tylan/ml and 0014 units,' )

‘ rons and EGTA tnhtbrted xylanase at 40 and 20 rnM‘ rcs;;ecuvely Calcrurn ions Na NQ, L

' " & ny . 3
ety t 3

| and SO.’ had no effect on xylanase t “-, Lo \
‘ L v-N',:.

o
. : “'
e

. 3 Lo
The srmultaneous development of xylanase in’ the aleurone layers and a?pearance of .

a- amylase K‘ ; Mg“ and PO." m the mcubauon medxum (Fgures 19 and 20) tn lhe presence‘ |
Cof GA,. and the demonsnauon of- aleurone cell malls hydrolysrs by a punfled xyla,nase

! R

(thures 21 and 22) suggest a, role for xylanase in: the release of at amylase and jons. from the, :

. 3 i
“r, " aleurone cells to the endospenn These results support a. proposal of Varner and-Mense

(1972) and Ashford and Jacobsen (1974) t.hat the release of a- amylase and other h%rolascs

. o . . Sl o "‘81“. DRI
AR g ) [ [EERENY . SRR
I A I RERER ‘o
Dol B K R ‘

and stabrlrty lt has been menuoned m~ revrew by Fry (1984) lhal: cells can cont/rol the'

M ', o » "

acnvltres of wall enzymes by regulattng the pH wrthm the walls Cells can mampula e pHs:.
‘, . The optlmum temperatures for the actmty and for St.ablhly of xylanase wel'e 35 and

reSpecnvely Bromate l-lg“ Cu” n"'and SDS strongly mhlbtted xylanase actrvtty Chlonoe o
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LI N
{

is limited by cell walls. In future Work, further supporting evidence :may be obtained by

)

‘incubating aleurone laycrs with a purified aleurone xylanase in the absence of GA, and

demonstratmg the appearance of hydrolytic enzymes such as acid phosphatase or 8- gfucanase
I | . v
in which the synthesrs does not depend on GA,,

i

The induction of xylanase by GA, and Ca’ has been demonstrated Qthures 18.'25 -

\r

and Table 6). The enhancement of xylanase levels by GA, and Ca“ is inhlbited..by

‘]‘ - cycloheximide and cordycepis (Table 4)r. -The shift in the density of xylanase in the presence

of D,0 or H,""0 (Figures 28, 24 and Table 5) implies, that the enzyme incorporates the heavy

V!
‘ \\:‘

N isotope into its molecule. These resujts suggest that GA, and Ca’* induce the de nov\o synthesis’
C of xylanase as has been reported for other hydrolytrc' enzymes in the same system (Ftlner and

A

‘ .* Varner 1967 Jacobsen and Vamer 1967)

The mechamsm of how GA, and Ca’ modulate the synthcsrs of xylanase has not yet

been studred The ef fects of Ca** on a -amylase synthesrs (Derkman and Jones 1985, Detkman

'): and Jones 1986) mdtcate that GA, -increases a-arnylase mRNA while ‘Ca”baffec‘ts the

\\ -- S ' . - y \\ . ‘ . . ' .
'V translation or posttranslation of a-amylase. Our redults with cycloheximide and- cordycepin
‘!".I\‘. y N i .

'
L]
[

! translation. The role of GA; and Ca* on‘t.he release of xylanase is not so clear since the

4

G —

‘ o synthesrs and the release are very. closely related. Nevertheless the résults of experiments with

A

bemcreased by use of those mhxbltors o

}\ \\“ “ 'The overall results from this research ancl the knotltledge l‘rom a- amylase research

permrt the proposal of the followmg model (Figure 26) for the control ol‘ xylanase synthesis
\

¢
’\‘,' L

xylanase is synthesxzed tt is transported possrbly Vta a\ secreted vestcle. 10 the plasmalemmat

“" "\ Ca”-tnduced*xylanase synthesrs In addmon the eff ect of C.a" on the release of xylanase may

.} R o . , .
inhibition suggest that GA, and Ca’ may_ regulate xylanase at transcription and/or

.; : phenothrazme drugs and CaM (Table 7) showed - that’ CaM may be 'nvolved in the'.

and the' role of xylanase in barley aleurone cells\ GA, ‘and Ca?* control the synthesis of B .
xylanase at the transcnptton(/ of xylanase mRNA and/or translatxon of xylanase After ;

(ChnSpeels 1976) and secreted to the cell wall where’ lt hydrolyzes the arablnoxylan withln tlte |
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Figuré 26. Diagrémmétic représemation of the control of the‘synthesis of xylanase
and the role of xylanase in cell wall degradatiqn 'and release of enzymes in ‘barléy
" aleurone cells, GA, and Ca* regulate the transcription and/or translation steps for
‘the synthesis of . xylanase. The enzymc. is transported, poss.ibly via a _vesiclé 0 the’

plasmalemma ‘and secreted to -hydrolyze arabinoxylan in the cell wall. The degraded

, wall " facilitates the. release of Hydrolases, ions and other solutes from aleurone cell .
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