
yhci cxtiacell~ ‘(1 ~-+ -3 j-/?wghcaptsg .[( 1 ‘~~3)-8-D~glucan-~u~o_h~~~l~ej -- 
& 3.2:$.&j -$&d&d by Bhizgn&.h$&&s:~M 1632 ‘v&s &rifi_cd=3O~~old-in 70%:: 
ov$raR yield.:This preparation .w& four&l’ to’be%omogeneous by &acentrifugation 
(&dime&ation .vel&ity and- &quihbrium studies j,l-electroplioresis~on acl;yl&& .gel 8 
with normal;~sodi~ dodecyl&lfate; and- &ea~acetic -acid:gels,:and .upOn~&Ac@ic 
focusing; The- amiuo--acid.composi@ou ‘oc-the ehzyme -his ,b& .~dc,tkr$&r& -ziird it 
possesses a carbohydrite .moi&y-co&p&ed~k znknn~~ and’galtitos+(in-the ‘ra@ _ 
-5 : 1) that is- linked to the protein through a 2-ace&n&lo-2-deoxyglucose rkidue. 

’ The molecular weight, as‘ detcr&iucd by ~eq&librium &imentation~_ is 28,8_$? -&d 
this numberVwas cou.f%med_ by elcctrophoresis on gels of sodium.dodecyl sulfate. The 
cn&nedo& not~posse&subuuit &&ure~:It hy~ol~~iissUbStrates.krith r$ention : 

-of .oo&guration- and po@zs&s ,$a&$ykosyl<ti& abih&=The~rat&of hydiolytiisr 6f 
a l$dc. variety of ~subs$-&~-zeret detcrr&n$+nd_ its a&ionz~tter&-on a seriekof-=-:- 
otij+c&aridcs%&&iin&g &xcd’(l. S 3):; (1 .%.+I)+a&@!+ 6)~~+Dghmopyranosyl- 

_ &&dues ‘ava$ investiga&d.‘The enzyme. fa$ors stretches:of@D(l.;~ 3) linkages; but ‘~ 
it ~&rihydrol~~~-~;(l +.‘4) linl&ges that-are flar&ed-on the’h~.~~_~u~ing._sid=-~~ : 
stretches: of&D-(1>+:.3) h&i The c&yme:prill ‘&t:~act~:on-- (1-5~ ‘6);j&&j&y~ 

4inl&ges~l&a~d in stretches of /k-(1 +_ 3)_and~&ih not act ou (1 4 3) :8_D-glycosidic 
-~liuk_ages~iuvoivi& s&us other than D&cose. : _: -- ’ ’ _ _ _ ~ 
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workers3 -’ have shown ,&&h 

crude- preparaeons Appear to 
&d_ b&r: glucans ; ad :& 

-thi~ enzyme repoited. in_ 

with amylase and 

to result in only 

produces ma&al of considerably’ higher specifTic~.ac$.ivi~, and hi &on$detiabIy -higher. 
yield, than any previously reported and the tiateri+ piOdi&.is homOgeneousi aS 

judged by a number of modern criteria. We ha% itivestigated Ithe a&iv& ‘of- this. 
highly puril?ed enzyme on a number of p6lysqcc~d& and c&g&&h&i&s and, 
in addition, have examined its action:patteti .n a&m&er & oli@sacc+ides.. 

It should be noti. t&at endo-(1 - 3)-B_D-&c+nases -haye. b&n. isol&+ .froti 

other .organisms. Yeqoto. and ,Nq@ak$ for instance, have recently 3olated T a 
crystalline enzyme .of this type from ~Rhizop~.~- chinens&-.R-c?-.wh&e prOpettie$ z&e. 
signiscantly different from those- of the J?h$opus amhi& e@eg; : Moore &d.Stone 

have isolated an endo-( 1 --, 3)-j?-D-@UCanaSe fiOm f$higher &n~~-Nico6iaiia g&&osa 
and compared it with the.en.zyme from Rhizopus ar~hizd- -~..I : .: ~.-_-_. . . :__.. : 

.-‘_ _-_ 
RESULT!?. : .: 

-, : . -_ 
PurjZcation of the gI zmmase. .- The puri&aGoq_ ‘s&irnL. was d.tigued t0 

handle 104iter batches of culture3ltrat.epro+z+in a New,-,~~~~~:fermentor.:.. 

All workers who have. reported. pur&ations of this gh&&e: haire -used a culture 
medium containing cellobiose, with .the exception :of Gar+&lIesta!.- It -has ,b&n 
our experience Xhat, .as claimed -by Reese tid Mandelsf; the- pr&enc&:..of c@tibidse 

in the medium is necessary for the production of higheme-lev&. We have carried 

out extensive studies on the factors-that-lead to maximum1 enzyme conc&&&ion: ti 
._ : : ; 

: ‘7,....1 





aTotal residues: 283. Calculated mol.wt.’ 29769. &lc$ated V: 0.710’cmS/.& this is the parti& specific 
volume used iu the calculation of the sedimentation-equilibrium value for mol. wt;-b&:aud~Gln 
are arbitraxy assignments for purposes of V calcqlatioq. CYs/2.aud.Met res@s ++ ~ox~fotic 
acid-oxidized s+mpIe; determined as cyst&c acid and metbio&e sulfone, respectively.. : 

1 

composition is in very good agreement with that determined by equilibrium sedi- 
menbtion, and the E:y calculated from the tyrosine and fxyptophan a.nalySes, using 
the tiolar absorptivity Af 1197 for tyrosine’ o and 5559 for t&tophz&fo , is in re’niark~ 

able agreement with the observed value (calculated 12.96, observed 12.98 ~m-.~),.&, 
the enzyme gives no detectable reaction with ElIman’s reagent, .it may. be -assumed 
that the four cysteine residues exist in the form of two cystine componeuts, andthat the. 
enzyme possesses no free sulfhydryl-groups. ., ? : . f 

.‘, 

Molecular-&eight detemaina)i;ins. - Molecular weights Were d&e&&d by 
using equilibrium s&imentation by the 7i&a&.is ~~q~e~l;~lel~tiophoresis_~~~: 
sodium dodecyl’sulfate gels, and gel-per&eat& &r&&togr~~hy ‘& Sepb&I~k:G~~@~l~ 
Equilibrium sedimentation g&e -a -vake:. of :28,800, sodium. dodekyl ~~~uif&te~-~eI-,~ 
electrc$horesis 32,100, and gel’~&&&ion~~42~700. ‘@e’ so&m cl$$$su&e~ge’_- 
electro~hor&s was conducted at 7.5, 10,.and 12.51% gel.e&ce&rati&k~~~d __t&& : 

was no : effect on the: apparent~~molecmai. $eighL indititing .,that I’& ~&&&irate.. 1: 
moi& on the ~_ruzym& (t$b$~discris~eed latk);.did -not. interfkewith.~~~~n~~~~~ ’ 
so&w. ;iodecyl- ia&&:’ _If &j&i : &,d+&&a&:&~; eleceoph&& ;,was ; &,&-’ : .. 

i -:_, _. >_ _.._ .-- 



native enzyme- and is the -point of attachment of the .neutraK Carbohydrate to- be 
discussed-later13. Investigation of the monosatiharides ockrriug id a@ acid hydrol 
ly&te -pf the enzyme, by thin-layer:. chromatography .T on l&elguhr,:.sho&d -the 

. . 

occiirrenke .of-a- smahproportion of galactose and.‘a considerably .laiger. ~ropo&oti 
of‘ka~ose: Rough quantitation-of the ~ourits-ofthese~ojmonos-~~des:by 

corn&&on of i&t&y of the‘spots compared &h those.of standards, .shotied.that. 
t&e: molar ratio of mannose :gklactose : wcis : 5 : 1; Oxje s&unit ,oligosaccharide ,chain 
per enzyme- &olecule. would. give- a. .neutral-sugar analysis. of- 3.4%;: If the- neutral 
carbohydrtite analysis just given, which -was based on a glucose. standard; is corrected -. 
for the 5 : i mannos+galactose ratio, using the correction .factors ‘of DtiBois et aL1’, 
the corrected value is 3.3 %, ,tihiCh is in good-agreement with that expected-from a 
s&u&t &am of neu&&ug&r&idu& I .... __ .- :-: .' .: :..: :-_: I k.. 

i '.. Qtlj&propti?ties of the enzyme. +.The--Eiz value,foi the enzyme is -12;48 cm-? 
and- wheni this -is corrected rfor- :&e_.carbohydratej content, ‘the value -is!298 cm- 1 
fort&prot$n portion alone. The isoelectrik-point ‘@the enzyme;-akdetermined by 
isoele&ric focusin-, is. 7.5; and the isoiomc?? pI& is- 7.35. .The &rrhem& activation- .. 
energy rkor :the hydrolysis -of laminarau by. the. &zyme.,w& four@ to. be 11,800 cal 
T~olY-?~-The e&ct~of tem@eratme on the kinetic tiarameter Kk (the-&Jikhaelis constant). 
wa~‘determine&nd it -was :fou@ to <be: insensitive:-to tempera&e over. therange 
~10~37!~atid tohave.the:va+e of0.314 mg/ml; :This.would~suggest&.ta< attempe~atures 

L nearthe f+ezing point, if m&&t. be: possible to-carry: out experiments’ &the:enzym& 
subst&&ko~m&lex with little or.&i&&err&e from substiate$ur$over. i; :.: .’ 1: -.:. -. : .: 
-- 
.: L ~:-:-~~~~t+ochc%~f~y ., c$-- tht+ :~hy&oZysis;:.~-:~r~~ .stereqqh~mistry cjf-:the ~,&+&i~ 

hydr~l~~is,~was:d~~~ed_b;y.monitori;lgthe mutko&ionof the hydkiysis &o.du$s. 
.~'ter;-the,::iriiti~.~e.~req~ecf_fOr. com&i&n_-of &e: e&y&~~hydrotysis.: (5 .&in’. 

~~&~&‘&&&i~~~ &h&e?), ,a& ~~~o~cliange.qfopti~iotati~~ &$ &&f&y&,, :. 

_~‘$i$c~setl~ t.l$ ~&ti~;~~~ qf & mutarotition-pro&$~, -and as the _ob$er$&&ange I. _. 
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Fig. 2. Effect of pH 0: the rate,of action and stability of the e-e. SoWsymboIs; 0.25 rug/ml 
gelatiu; open symbols, no gelatin. (e, 0) Activity;_ (&A) stabiliWon.exposure to various pH con- 
ditions for 5 min, which corresponds to the incubation. time ,wed in the pH-kte study. _: 

. . ‘.. . . 

in rotation was upward, the hydrolytic mechanism proceeds with. retention of don- 
figUT~tiOIl. 

The depenrience of enzyme activity md stability ori pI;r. -+Rezese and Mandels, 
in their original report on this enzymel, stati_that its pH,optimum was 4.8, and it 
has been usual to conduct assays at this pH, as wasdone in the present work. Both 
Garcia-Ballesta6 and Marshall8 have obsetied -a-.sbXt in the -pH. -optimum of the 
enzyme to lower values in the presence of an extraneous protein added. tostabilize 
the enzyme. We have studied the effect.$thc addition of gelatin dn the pH optimum 
and pH stability of the enzyme at constant ion& Strength of tiie buffer; The results 
of these experiments are shown in Fig. 2. L 

Demonstration of transgiycosyIaw activity. - It would app&ar from the literature 
that only con&uration-retaining, glycoside hydrolases .catalyze tiansglye&ylation 
reactions. As one of the major importances of the prc&nt enzyme& its useins@ucturaI 
studies on polysaccharides; it was obviousIy -important & determine -whether the 
enzyme can bring- about transglycosylation. This would lead TV &ron&ous- inter; 
pretatiod of structure, ifit were significatit z&d if it were-igndred. We h& investigated 
the products formed by the enzyme when-it acts on ail member&of’ t&~ homologous 
series from laminarabiose to laminarahcptaosc. These resultsshow that, when ihe 
enzyme acts on laminarapentaose-it produces, in addition to:@=expeCted products 
of lower molecular weight, oligosaccharid# $hat ap* up& paper ,c&$&to&aphy 
in the positions for hex& and hepta-sa&wdes; 
saccharide as well. The l&age nature of .&se. 

ssi bly ,~OJJI~; o&z&. and noda- 

clear& the &suit ,of &ansglycosylation 
ofig~sacc&%rid&,- Iwhich -are 

reactions, 
them @IS the actioq of the-exe-( 1 3 J)-D-gl+m&:: 
This enzyme’s specificity.. has..-been c&fully_ iny& 
removes &(I .s .3)-U& D-glucosyl gr&ps’& 
gh~can chain..@s acti6q is blocked by anbn&~; 
of the #I-D-( 1 --, 6) t&e, which are by-p&&d; resu$@$i 
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-. .yy& undertakento obtain &for+ation on- the..~z$ion -pattern- of the~e_t&me~~_on~.~~ 
._ gtyies of oiigosaccharides of known : _structure. ; Moles,-of _each of < the : hydrolysis 
products, and that of the -station material, were -db@ined by qua&it&ive~ -paper- 
chromatographic anaIysis; Such data allow a.nr.rmber of signi&nt &n&&&s to. 
be drawn concerning the mod& of action. of the enzyme upon the substrat.+These’dat& 
are given in Table IV. 

. . . . : i-’ : j _,;, y, .._:.,_ : 
c. .- . . . . .-. : 

, I :, 

DI!?iCU!SSION :.. :- ; _- -. 

1 -. .- : . . . : . 

The purification procedure d&&eo here gives enzyme in~considerably:higher 
yield and of considerably greater. specific activity than the purification schemes 
previously described in the literature 6*8. In addition, we.present extensive.~c&&-on 
purity, which establish that the product of the final step in the procedure is ho&g&e_ 
ous. This material is eminently suitable for use in structural studies on ~poly- and 
oligo-saccharides and for studies on the mechanism of action of the- enzyjne, .and 
the procedure lends itself to the production of enzyme on a huge scale Suitable .for 
structural studies on the enzyme itself (amino acid sequence, and.so on):- 

In our hands, the properties of the enzyme are essentially identical to. thixe 
observed by other workers, with one notable ex&epti& .G&eia-BalI&ta &ported a 
molecular weight in excess of lCO,OOO as judged by gel-filtration6 on Sephadex G-200. 
Marshall gave a molecular weight of 10,200 from gel filtr$ion” on Bio-gel P-60. 
We report here a molecular weight_ of 28,800 on the basis: of equiIibiiu&+rifuga- 
tion studies. We have confirmed the molecular weight of our preparation.by.sodium 
dodecyl sulfate gel-electrophoresis and by.geI fiItiation; These:differences are puzzling. 
It should be observed that the preparation reported by Garcia-BaiIesta. is. much ,l&ss 
pure than either that of Marshall or thatc&+ibe~_-here, as’judged by s$cifiti.actiir;‘tyl 
The preparation of Garcia-B&&a has a specific activity of I.4 IU/rng, whep%.that 
of Marshall is 106 and ours 565. We have investigated the possibility that the m&c- 
ular weight of this extracellular enzyme. couid vat-y with-different isolates of the 
organism. All .of your work on the. development of the isolation- procedure was 
performed on .isolates from a culture provided: by Di.. R&se~, fourteen. &u-s ago, 
However, we have Investigated enzyme produced by_ a culture of~$J+opus urrI$rus 
QM. 1032 .provided-in 1974 by Dr. .I!!. G. Simmons, -Dept. of Botany, U&ersity .of 
Massachusetts, and -have- obtained material having mole&lar~weight identical~. to 
that reported .here;-It is possible that the Marshall preparation’ wG.the result of the. 
action of proteolytic enzymesin the culture medium, but .we-are.not &v&&of abase 
of a decrease of over 50% in the moIeeuI& iweight _of an_enzyme Iwithout. &stic : 
action on& catalytic activity.In very extensive work on this enzyme. over’a:period 
of more’ than ten years,..we have. never, ob&ved variation, fioti the&ven~~ole+ular 
weight, that was beyond experiment& error. .&other ppssiblk:.~~planatiqri’.f~~..this ’ 
discrepancy, is :that -the.,enzy&e possessesl subunit stNctUre,.and:_t~~~~~~~~~‘.was 
dealing with the monomer .whereas we are-dealing with a,t&me&+wever:.we have,, 
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‘- ~~~j~ted:~~;.~~~p~~ti~~. to-electio~ho~is.~?n:sodium. ~~o&cj;l~‘&&&? gels: :yd: ‘&I 
fi&&;@+den&.& disr&ciatjon_.~-~~.~ !‘y, ,‘.‘ij -_ i<, 2 .?:.‘I: f: I:. .,. ..: ‘,.: i,:Y .,:;;.-:~r..f. <..,‘-. : __,.,,;:$Jc. ;,; :,. 

.:‘_;;_‘: : ;.,~@%~&en~ oi’ &klently .-J&I& carbohydrate ..in:-the enzyme .$Scu@ iis. 
.~~in$&&++&& as,yek t.hk@& no evidkkejas‘, tti,:.~h+i{r: it .iS i.&lv~d&i the’cataiytic 
m&i&i&S;-‘It is cc&&on t6 fitid &@paiable. amounts..df car&qh$irat~.in~;many 
p+&s ‘se&~ by _mkrti&g+i&s, and the -‘chepli& _C+npo$ieoe., k_ .t& p&ehtl 
example iS ‘typic& ’ -_ .-. -- ._ 

and -ix&+& -that it acts by a -double ‘displa&men~ or by koxrie. other n&e: ‘that 
&j&&v&~ &,&gurati& such’ as, that propos&i By Thoma ei-&1-7; Thus. &is .enxyrne 
is added to the Iist of end&at&king e&ynies that hydrolyze with retktion of con- 
figuration. Insofar as we k&n- d$k&irie~ there is ~16 kndwncase~bf such z+ enzyme 
that hydrolyzes with intiersio&Thi ‘dgm&kr&on t&t khk &I@& .hti, $&i&& 
transglycosylase activity is con&terit with the’ foregoing. me mechanism proposed 
by._T&oma et aZ.*‘. has two salient fetitures, -a, relatively long t+&iiinMate ‘lifetime 
and cbmpuisory departure of the aglycon from the~knzyme surface p;‘ior to resolution : 

of-the transition state. Both-of these conditions would be expected to.favor trans- 
glycosylation. : 

.] -\_Tbe data on the relative rates of hydrolysis given in Table III expose some 
featur& of the enzyme’s action. It plainly shows a preference for stretch& of/?-(1 + 3)-. 
linked p-ghicosyl residues. The rate of action on reduced l&nintira&ligosaccharides 
in& almost linearly .over the range 4-7 residu& and reaches 70% of that-for. 
soluble lami&ran..‘at lami’naraheptaitol. The’ introduction of -$D-(I -s 4) linkages 
into .the chain decreasesthe rate. (oat and barley giucan); but these compounds z&e 
still good substrates. Perlin3-5: and his associates have produced evidence that 
crude preparations of +hi.zup~, enzyme are capab!e of hydrolyzing p-~-(1 + 4) 

linkages in .oat and barley ghicanl; ana we show here that~our highly purified prepara- 
tion -hydrolyzes /S-D-( i 4 4) ii&ages in oligosaccharides of kno,$n structure. (se& 

later).. The introduction of D-D-(i + 6) linkages (Eckronia laminaran; yeast glucan, 
ScZe~otiwtt: rolfsii glucan), rhowever, ..mark&ily slows the. Action .c$ the enzyme, in- 
cI&ting, possibly, that the en&me.cannot attack the /3-D-(1 ‘A 6) linkages interspersed 
ationg&&(l +’ 3) linkages. Furtherm&, the presence of /3-&l y 6) linkageti m_ay- 
sterically-hinder actidnlof the e&y&e on-nearby p-~-(1 + 3) linkages.- 

.; A surprising amount .of information ‘concerning the_ patterrr:of. attack .of the 
Rhizopus enxyme may be obtained by’quantitation of the hydrolysis products prod&d 
from ‘oligosa&harides, of kno~n_r+&&, Data. bearing on this point are presented 
in ..++e -IV* .&-$n example; c+idering tl&structurf+5 of ~I+minaratetraose: 

1;; /$;q-+(i .+: 3j&-&(l-, ~3)-@&lc-(l -B -3)-9-C& / :-- . . ._ : -:.. ._. ;-.I 

..:.. :. .-r_. ..:: ‘--; ,..., ,;r : .. T .-:. :- ,’ ..: . . . . . 
a’ .:-,. .__ ._ b, .= . . . 

-. 
_ _. . _- : . . .:- c: : ,_._ ,__. -1. ,.. 

“there.areobviousiy.three;pdssible:poi.~~ of hydrolytic &tack, .a,& and c.If the sole 
: point;$f .atta& :Were: at .po<nt: 6,. then.this would .be-‘irninedia~eiL_-evi.ent from- the .- ..I_ ,: _. ._. .-_ <-“. - ‘-2 . . . . __~ 1 . . ,__.: .: 
.,~~y~is,f;~~-~~;;i,ca. ‘&hi&h_ &o&l &&&%nly. ofIaminarabiqse;.and.if no'glu~o;i;k.: “.,:.-: . . : ,.... : . ...‘. I _,_, :. : : 



. Lammaratekaose 

4%0-B_Laminarabiosyl-kminarabiose 

4-o+L7 - biosyl-D-glucose 

4-o-j3-L7 - dtetraOsyl-D-gluc 

4-0-8_LaminarapentaosyI-D-gIumse 

6-0-#?-Lamharabiosyl-n-glucose 

6-O-8_Lamin&ratriosyI-D-glucose 

D-GlUcoSe . 
Lammarabiose 
Cellobiose 
Lz? - triose .‘. : 320 
~O-8_Laminar&iosyl-l&h&xe . . .23:0 
ffilucuse -. ,: 
zobisC >‘- ._ 

21.4 _ 
23 

Staitingmateti_al : ; .I 
.: . ‘.. 223 . . 

. . ‘.I 54.0.. ._ 
~Glucose .. 8.6 
M&abi- .__ 39.0 C.- 

.I Gentiolyiose-_ .-. . . .- 1’ _- .I _&.O.-. 
60-@-Lam@arabiosyl-D-glucose 23 -. -_ 
starting.mat+ :. : : --0.9 

: ,&l,&&- .:.. . _..: . . ::: :.’ .,58 
.Laminarabiose..- __. -:I .-. -:- 25.5: 
Gentiobiose . . . :.. ! -’ :. : _: _, 

_M&‘&.o& _-,_.~:.~ :.- 
_:. 21.3 

1-28.2 . . 
fj-o_8_Larmnara _ -.. .~jOGILti~?+ I) ‘1g,2; 

: ~Gl~~~ .. 
J&&-&*“ ., 

.; ..;;_ .; ,_ ii. .: .5.7_ 

.(G&iobiose 
.- :, i’.’ __ -:22.2- 

.:.__ 
Lamixiaratfiose _ .’ -’ 

. . . . 11.1 
.. ::3p.8j 
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~requir&.a stictchofthrce &(l -i 3)-linkedresiduesbefore it-&n achieve re&onable 
rates of .attack,then- the tent&live conclusion ‘may be:&clied &at the primary attack 
is actually 59% at~!‘~” and 41 % at :c”;..:’ : .: ./-. .:, ..- ..I :-: ‘-. I. ;_ : . . 

:. -: .. :.,ws type of analysis becomes paiticula&int&esting- in the- case of.the :oligo- 
sacchuides h&+&mixed linkages. There Cm’bcno doubt thatlnthccase-of 42-O+ 
-laqin$rabiosyl-laminarabiose?. that: the- major point of. primary: attack. z&j, in fact 
the major at&+ is tit -tee -+(l. --, -4) &&&es p&k ~d~~~.‘&&j~a~3’~_ bav& 

shown. that crude c&yme- in the form of. culture- filtiates -attacks j?-D:( 1 +:4) linkages 
iq oat-and barley glucans’andin lichenan. It is-evident from the-fomgoing observation 
that-highly pm&xl enzyme will do the -same -and, _at least. & sdni& s&&u&the 
#?-D-(1 +..4), linkage is -favored- over the /?-~-(l --a 3). -In> the case .of. 4-Q-/I-lamin- 
aiabiosyl-D-glucose, it is evident that the-&D-(I:+ -4) linkage is stillthe‘favored-point 
of attack, .although:the action .of the enzyme on this ‘material is slu&ish asit takes 
five times : the. concentration. of enzyme. to obtain ieasonable amounts .of. hydrolysis 
product .&id : about ‘50 % -of: the. sta$ing .material : is. &cover&I unaltered. .As the 
numb&:.of (1.. .+- ?)-B-D-~lucosyl.residues. toward the. non-reducing :&de--OF the P-D- 
: (1:‘~.4)-bdnd~increases,. the,iateof e&ymeaction.i.ncreas~ and-/I-ti-(l--d $3) bonds 
&g&inbecon+z the~favored&int of attack. nie.enzym~‘s-actiori’.tow~~ -oh&&ha-~ 

-, ~d&h&i~g~/3~~-(1 ._i.&)“fi~&&s:i$ &d in&fe$@@: It i.$ &vi&q&@&, &$-& -se of 

6_0;8_lamina~~~a;sjllD_glucpse;l: the: en2yme h& La very. lo*., ramof--attack and -the 
- close ;~~~~~poridence~,betiiieen. the-. amount ,,of- D-~&O@ "a& gentiobiose produced 
le&s %io~doubt&t ythe f&&di$oint :of at&k- is the J&q-( 1: + 3) linkage;. It ‘tiould- 
.appe;ir,..fro;m-.~~_:s~~..~~.~nt of-&inarabiose .pro&$;. _+i:&e; ew& -.&as a 
&y$$@&&r to"~~~k.:B-r;_(ll;-6).:~~g~~.Ho?lever,i.aswe.shall'pointldut 

kit&, $e. consider.~hat-:the:k~~~~.i~;incapaible-.~f ~at&ck&&ese &&ages,: aridthat 
tiie~~~duction-~fi~~~~~~~~isau~to its-fransglycos~llatin~~b~~~~~~~h~s^aIready 

: : ., :..,:. .,.'_ - _ .T:.._; 1' . . .- ._,; 
; __>>>,,. _ . . . . . __, ( . . . .._ : ._ :.<',: _...- -_: -:..: .: : ‘. .:; :...-.; . . ,,,i_..'.:T_ ,...:,.':. ;: . . . 

::_,--. 
--. ..,-.; 1:. -. 

.,:.._ z...: ,- :_..... Z.i> .._ 
i :-:_.; :- ;__ : _I :,- ~ -::_-;__ .., : 

._s ..; _-__y _.~_r ._-.-. : 

.I._.. 
I&&&&d+ti~~&~~ k& ~~~~~~~~=~~~~tius:~~~~ .~;r~~~i;&&a.i$_& -;&&;;- 

. ,. ..__ 
,FeM csee.&4()j.'. .-: :'._..'-:y ~;:-_il:'ll:.i:..';;.._:'_~~:_.iI:;1'_ ~:_~:;;;:_I~:::,~~i :;i:,' ,.:;-;"“:i;r: y,-.: .i : Li_ 
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and Scott :papeJ? *, that the insertion. of a-B;{1 _i’ 4)&&ed -D+jln&se~ r&id&in a 
(1 + 3)-B_D-&can chain does not seridusly -disrupt thefie~ble-.hel&; -_b&tl&.the 
similar insertion of a &(I. T, .6)-linked ~D@~~osyl &sidue: does; The:.sit&atio@.for 

p-~-(1 + -3)~linked and mixed /l-~-(1 + 3)- and j&~-(1: 3:.4));linlced:rnateiir_isrnot 
unlike that shown in Fig. 3, but the.reader should.consult the peqe&ve&awings ._ 
in the. .ReeAe and Scott paper for- a .completely -accurate presentation 1. of the izo& 
formations’*. In any event, the data presented. in this paper indicqte that the-active 
site of the Rhizopus enzyme is analogous to that of. ly~oZymelg in that it contains. a. 
number of binding sites designed to St the glucosyl- residuesin the @D.‘(.l.l< 3); 
flexible helix and these binding sites extend on. both sides of :the lo&ion of the 
catalytic mechanism. It would appear -that those- on the non-reducing terminal. side 
of the catalytic site exert most control. over &e&city, but those. on .t& right&o 
have an effect, as the enzyme has a slow-but readily measurable.-&ion1 on lamin- 
arabiose and laminarabiitol, but no action whatever.on cellobiose~cellobiitol,-ge$tio- 
biqse, and gentobiitol. Perlin -and his associates3-‘- have postulatedthat the.enzyme 
is specific for the glycosidic linkage on the reducing-terminal side. of ~~laminarabiosyl 
residue and is not specific for the residue to which it is attached. Ifwas upon this basis 
that they rationalized the enzyme’s attack +I oat and barley glucans andupon li&enan. 
It is evident from the work presented here that this-picture was too simple, and that 
the binding extends over a considerable stretch-of the glucan chain toward thenon& 
reducing terminal side of the catalytic site (the rate-of action is.still increasing at the 
level of a 7-unit chain; see Table III), However; the general-shape of the &&in. is 
not suEciently altered by t&insertion. of isolated-/l-~-(1 .+ 4) linkages:~ to render.. 
the B-D-( 1 + -4)glycosidic linkage. unavailable to the .actlve site (Fig. ‘3). In the @se 
of an inserted B-D-@ -_, 6)-linkage, the orientation of the: glycdsidid b,ond$ radically,. 
altered, and-it is no longer located at the cataiyt&:site!*. -The data on ~6-O~~-lamiG 
arabiosyl-D-glucose presented. in Table N-.would-:appe&: to i&i&e ‘a!ver$;limit;ed 
attack on the P-D-( 1. -i 6) linkage:.; However,. &s -we have_just shown, the~e&yme has 
some transglycosylating -capacity at the extremely .bigb-levels oi e&yr&&&j in-this 
experiment; it isnot unlikely that limited transfer of. a-D&Jc&yl~re&lue’ to. the 
substrate occurred, resulting in the form&&~ o,f_: ~-O~~-lainin~ra~~s~l~~~~~~~se.- 
The-action paf&&,on this compound res&& in tbelfdrnjation ofla&t@@$o~e as-i: :, 
major product (Table IV),_ .. :. .. . ..‘. y _ _:. ‘..I ;. .. 1.. ‘..-;:-‘...j.:.;_:: 2 ::I’ :..-:_.i,-_:;:__; T_“__ <.; .:T _!_I 

The- work reported here, then; &nstit@es an i&ease in ~~~~$&l&nental. 
knowledge of :the action of polys~acc+ihe~~ oft& ~enc@ype~~~.~nd italso i&rea$% .’ . . 
f&e usefulness _of the m&opvs endo-glucanaSe..~~.-~‘s~~~~~ ~o’$.~~$~~;~‘_:~~ &~:~‘~l_<~-:~ ., 

-_ _ -. : _ _. ._ r_ 
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m&nt&ti& at 4” h.:&e sporulated..state:d;i-S~~6~.~~F1_D~~seb;gar:~.at;is_‘~.~:;I:_~ G!.:T:: 
men *b ++$&m w&- tq- 6;. &,& fo~,~&jj+ p~~~~~~~~,..~:~~~:~~~~~~~~ .;. 

Dextiose Agar slant was inoculat&&tid i~oub@d for 38 h et 3O~~~_&bquid~rnedium my 
was prepared with the following .composition; +l&iose. (60 g),-‘PO&&& d&y&o- 

genphosphate (20 g), ammonium phosphate (14 a), Protedse Pcptonc @Xco)_f(lO.g),. 
calcium chloride dihydrate (4 g); urea (3 g), magnesium sulfate he&hydrate (3 g), 
ferrous sulf+e heptahydrate (50 pg), zinc sulfete heptabyclrate (35 ~g);~,o.obalt 
chloride hexahydrate (30 pg), manganese sulfate monohjidrate (15 fig), ancldistilled 
water to make 10 liters. A starter culture was prepared by~_lnoculatin~~~~o.ml of 
sterile medium with f&h mycelial growth @id incubating .for $36 h- at 30:’ on ti 
reciprocating -shaker. 

.-. _..’ - . ._. . 
: 

The starter.culture was transferred to the remainder of the sterile medium in 
a New Brunswick Model F-14 fermentor maintained .at 30”. The oulture was _m- 
cubated with stirrhg at 180 r.p.m. and air flow of 2 liters/mm until the enzyme 
activity reached a maximum (usually after &52 h;. see Fig. 1). 

Polyacrylamide-gel electrophoresis. .- Urea-acetic acid gels containing 7.5% 
acrylamide were prepared and run as described by Panyim and Cbalkley?3, Sodium 
dodecyl sulfate-gel electrophoresis was carried out according to: the procedure of 
Weber et aZ.24 Protein bands were detected on both types of gel with the Cocmassie 
Blue R 250 stain .as described by Weber et al.; destaining was carried out’ electro- 
phoretlcally in 18 % methanol-9 o/ acetic acid with a Canalco Quick Gel. Deswer. 

Isoelectric focusing. - Isoelectric focusing experiments were done _witb an 
LKB model 8101 apparatus with Amphohne specified for the pFI range 5-8 according 
to directions supplied by the manufacturer. 

Sedimentation sezocity. - Sedimentation-velo& st$~ $re_re~caiGiecl’out~ et’ a 
protein concentration of 1.42 mg/ml and at au ionic strength of. 0.15, -i&a Spin& 
Model E ultracentrifuge. The sample was rotated at 59,840 r.p.m.-in an An-D rotor 
at 24”. 

Purification of the enzyme. - The cul_tie medium was titered through glass 
wool and immediately transferred to the 12-&r reservoir of. the .Amicon.:ultra- 
titration system (Amic0.n Corp., Lexington, Mass.); The s&tioIl was concentrated 
at 4” by pressure filtration. in a ,Type -402. Amicon. cell : fitted~~gli a- P&GiO- Dia&; 
membrane until the volume had been. decreased. to :about.250 ml;:-P&sure .dialysis’ 
was then carried out by passing 1.5 liters. of. 50 mu &et&c buffer (pII 48) thr;ouP,hl 
the cell.. .: _ . . . . .-.-.._I_ ;- __, ‘. I,,.: i. -:[y...;;. . ,-’ 

Fractionation with ammor@un sulftq. - @ .matenial-precipi~~~~.~b~~~~. 35 
and 75% saturation with sobd ammonium &fate (&~@&-&@III ~s@&&;enzyme’ 
grade) at 0” was taken up in 100 ml of cold, 5 IliMs~~~~phisp~~~E;uffer-.@N-7.0) _: 
containing 0.2% (w/v) of sodiumchIor$e and-pressureX~diaIyzed$t the+mic&n cell 
by passage of 1 liter of the same.bufIer .throngh& ~ll.:-~~ldi~~:Sblu~~~~~~~ : 
aen con~nt&& to &out 50 ml_, .. _. ..: :.~~.$.r~~~~~~~~:~~.~~,~~~,~~~j_:~._r:’~:~~-_~;~~~~_~~:~..~ 

-- Chrotitography cfi .O-(~~o~~ethy~c~ll~~~~~. +~:&2~5:~&:45; o&:&$$@ of : 



.._ . . : se~~x-~~Z.c~ro~to~r~~~~~ + The pro&t from. the- U&arbox~methyi)~cek 
lmose-c&m&as applied_to a-i&by: SO.& cohunn ofSeph&dex:G-100 eq@ibr&d 
with. 5omM acetate buffer. (l&E 4;s) :at 4P. l%e.co&~m+ was operatedat a, hydrostatic 
pressure of .35. cm In the-upflow mode;.and 6-ml fractious:were collected. Follou@g- 
ident@ication of. the;.fiactions containing (I :i 3)-/3-&gluca&se activity,.’ those 
demonstrking ,homogeneity.on urea-acetic acid gel. electrophoresis were pooled: and 
concentrated by ultratiltration to .a fh~al protein~concentra~on .of about ! mg/m.l, 

‘. Generally,. the purified e&ymeipreparations were stored at 4” in 50 II~M acetate 
buffer-. (PH 4.8), conditions’ under .-which -they appeared .to:.:be stable iudefkitely.: 
Some. preparations were subsequently freed of buffer salkby p&sure dialysis. with 
doubkdistilled, deionized .water c or by. passage through. e 1;5. by 90 cm column. of 
Bi&Gel Pi2: The resnlting solutions were lyopbilized, then stored. over anbydrous 
calcium.sulfateat_4°,’ :. I 1 -, ‘. _ . _-.-I..{;..:_ ..._ . I.:.;_. -:.: :;. ‘_ 

:;. 1: &zract&atiora of the enzyme. 1 Estimation of E(i %) at 280 .iim. 1 A solntion 
oft&e p&tied enzyme Was freed of-buffer salts by pressure cjialysis and concentrated 
to. about : 1. mg/mL-The absorbance at 280 nm was ac&rately.:.determined -@I a 
Hitachi-Coleman 124 double_beam~sp+rophotometer,-.and then: triplicate aliquots 
of the solution were dried by. lyopmeon;~. followed- by. heating in a.vacuum oven 
at 38 o until they reached coustarit’u&ght,‘All_weights were detern&ed.tiith a Mettler. 
microbala&e under. conditious of .temperature kquihb_rium~. :: )- ., ..: . . ._ -. _. I_ 

~‘ijmino acid analysisi Portions of. salt-free em&&e solution to which norleucine 
had -been: added as.. an internal: standard ,were: made; 6 M. in--hydro+lorie. acid and 
hydroJyxed_at .I lo”- under :ox&en-freeconditions -for 18; -24; and. 35 h; respectively; 
Am&s&-@>the.amino -acids :irr; the~hycl+&+es,vvas aeeomplished;~by ’ a -Beckman 

h&de! $9_ -@ririo;acid- ~alyze_r’.o~~t~-‘~~.,cS~~~lu~. mode, ~Resulg -were 
q&+$,ed_by an’,automatic+. computing.mtegrator;. :% j_.., . . . . >. .: -. :::. ‘.-_=~-, .. -... .;I ; .,. 

__zf...T;: .:~~~--~e~~~~a~dn..~~.cysteine,~_d~.~e~onine,itheI~~e .$vas. subjectedto~ 
.:: : 

-oxldation’4yiperpxyformic:acidas _dtjscriied;by ‘.Hirs?<; .followedib~ hydrolysis ixC:6rk 
.:~y~~$&&@iidfbrr 2J; I+ +I$ -i+~+: i&l~~~~yG&is b&++ .:L; ,.z i ; ~~:T~~c.~jy_:: ‘:I_ .; 5 . iI--. 
: L .tI<:i,fi& &ypt@p&&I:.cqn~n~T~ i$i@&e&&f+$$& ;a&&&di<by _~,t@ ~g)l+me&$, 

l~~~,~~.'of:~~~~~_~~~~~.~~~~~~~suggested..~r:~~6:auti;b;;s, &&~-~T&*~:f~ 

._ .., _., Y_. I : 
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correctgi for. a control that contaiiied..e~e._~ut-no. fructose,i to kompensate~.for 
the effect of carbohydrate in the.samPle.. t. .-_ -- ,f -I %’ -. ‘_I’:;:_ ;;I,: ‘_., >;__- :.“‘t_.i i_::- jf .: i g::f : 

Su@zy@-yl groups. The attempt .to’identify .freesulohIdjl:$oups.~~ithele~e~ - 
was made by the method.of Robyt et uZ% Detefminzitidnslwe;-~~~out~on b&. 
native enzyme and enzyme- which had b’&nincubated for 2-h .at: 37” .in $ % &diu& 
dodecyl sulfate solution. 

. . . . . ..1 ._. : ,,;.:,- .,- .:_ -_: L 

MoIecuIar weight estimation. (I) Sedimentation equilibrium ultr&e&iuga fiok 

Molecular weight of the enzyme wasestimated-by the-high-speed equilibrium-method 
of Yphantis” with a Spinco Model E analytical ultracentrifuge. A 0;4:mg/ml solution 
of the enzyme in 5Om~ acetate buffer (IjH 4.8) ‘contain& OJM. sodium chioride 
(total’ionic strength 0.125) was placed over a fluorocarbon. layer in one-sector; tind 
buffer was placed in the outer sector; -of a double-sector, synthetic boundary-cell 
having sapphire-windows. The cell was placed in the An-D’ rotor -and’-ackelerated. 
to 30,000 r.p.m. at a temperature of 21.4”. Exposures of the Rayleigh-inter&e&e- 
fringes were made for analysis at 56.25 h after the start of the run, well-after equiiib- 
rium had been attained. Data for blank correction were obtained -by mixing the 
cell contents and then again accelerating the rotor. to 30,000.r.p.m.~ Exposures :were 
made immediately, before signilicant sedimentation had taken place. .: 

(2) Gel eZectrophore.sis on sodium dodecyl suifbte. The procedure of: Weber 
et aLz4 was used, at acrylamide concentrations of 7;5, 10, and .12;5 %. The following 
molecular-weight standards were obtained from Schwarz-Mm, Orangeburg,: N-Y.: 
horse heart cytochrome c, bovine chymotrypsinogen A, ovalbumin;.. and bovine 
serum albumin. I_ 

(3) Gelfilirntion. A 2.6 by 80 cm column of Sephadex G-100 operatedin the 
upflow mode (the same column used for enzyme -purific&ion) waskalibrat&i with 
2 ml each of 2.5 mg/ml solutions of chymotrypsinogen- A, ovalbumin,. and-bovine 
serum albumin, respectively, in 5Om.acetate bufTer (pH 4.8). The- void volume’ was 
determined with a similar solution of Blue Dextran 2000. : 

Examindion of the carbohydrate .moiety. Neutral. carbohydrate was estim&d 
by ‘the phenol-sulfuric. acid procedure 12- hexosamine- content. was estimated with , 
the ammo acid analyzer following hydrolysis for 6-h in 4~ hydrochloric -acid ‘at ‘1 lo”, 
as suggested by Spiro28. 

To determine whether the -results of-the foregoing procedures tioirespondedto 
covalently bound carbohydrate or a free contaminant, sample&of the:pu&kd enzyme 
were applied to urea-acetic acid -gels as described previously:. ,Duplicate-gek,were 
stained for protein with Coomassie Blue R25.0 and by,.& pe@odic~acid~chiff @AS) 
procedure of Zacharius et aL2’. The PAS-stained gels .were ~de@&$electrophoreti~ 
tally in 7 “/, acetic acid. For identification of the neutr,al..sugars.lmg .upthe~L$arbo~. 
hydrate-moiety, a sample ‘of the. purified e&yme, -desahed. on a:B?oo-Ge@2 k+nn_. 
was hydrolyzed in M sulfuric -acid for 6 ..h at :jOQ%:‘T@ .hydroly&e w;isdiluted’to 
0.2~ with water, and then deionized by. successive p~ksagethrough BioRad;AG5OW-. 
X8 cation-exchange resin. @I? foi-m) -and-Aiil~Xg.._anidn_exc~~~~j~~in,.(fdrmate 
form) as suggested by Spiro3 ‘, and Snaliy conc&rated mar&y va&umevaporator~ ’ 

.‘. 



sohrtion used to spray the plates -origiliaUy).-.Follo~ing-irri~tion, &&s were: dried 
in-an oven..at ,J@q and:the sug?r~ontainin~:spots..~ere de@cted‘:by spraying w&h 
the anisaldehyde-sulfuric~ &id reagent .of &&i and Kaltenb&h? and: heat& in &- 
oven at 100”. 

:, :: StereoCh~misti~ of-hydrolysis product+ ‘& .A: mixture. of: /h-(1 I+. 3)llinked 
oligosaccharides contain&g &glucose- through lamirmr~eptiose- was dissolved in 
5Omn.i acetate buffer (PH 4.8) to-a concen_tiation~of 38;4.mg/ml’and.kept to mum&&e. 
for 2 h,at room temperature. This solution was-introduced into:a.&ul;-side-arm cell 
of 20.004 mm .patblkngth,- which was placed. @the. sample chamber of- a Bendix 
Type- 143A’.automatic polarimeter:. (The. Bendix Corporauoti; Cincinnati : Division, 
Cincinnati, “Ohio) ‘equipped with. a 5893 A (sodium D) in.tcrf&cnce ‘Alter; The in-. 
strument had previously been zeroed with distilled water -in the~sample cell.. : : 

After-it had been determined that-the opticUrotation .of the oligosaccharide 
solution remained constant, -approximately 400. units of enzyme. in -1. d of acetate 
buffer was added to the. polarimeter cell and-.&red; The optical -rotation of the: 
solution.was rccorded.on an attached strip-chart recorder until it.-reached a constant 
value; The;temperature of-the solution was 26.50. : :. :I.... ..., I, :- .- : 

.: E&et bf pH on activity .and sthbilitj-.of -the. enzjme: - Buffer solutionswere 
prepared-to cover the pH range 2-8. which, under assay. conditions; contained citric 
acid- and ami&tris(hydroxymethyl)methane at concentrations of ~15 mu. each. and 
sodium chIdride tcj. biing the: ionic strength ,to 50 ,mllz:in ‘each case. ‘Inctibations:were 
conducted at 379 both with and-without added gelatin, and aliquots wereitaken for 
analysis at J&in intervals to assure. thtit in+ial. reaction-rates -we& recorded. C&- 
r@ions were made for. ‘the influence -of the pH conditio& ‘on the respo& of the 
.-alkaline1 copper. Analytical-procedure. ;There- was: no detectable hydro&is of substrate 
in:the absence of'emym&. :_. .;;:/-.,z‘ _-.i-.-: : 1.. :, .~ -.:: _. . . _, : ; :; .:.:’ :;.: 

.. 

. . . ..: .- .To. e&rate the. &flue&e .of pH- on the stability of the enzyme, a constant amount .l 
of en$ne;was incubat&l at...37?jn the Bbsence.of:substrate- under. .each;of~..the$H.. 
co~~tions:employed,in.the-eiucid8tioe.of:the- pH~~ae:p~o~~~-.bo~~th.~nd G&out 
&idea. gelatin. %liquots of each jncubatiou mixture. were removed atvarious times 
: and.-i~~-ely~~~~~e~:~by t&e s~&&~~~y.~&-+&&~~ ~.~~~:r'._~I:_:.,',:! ~$Y;.;>:. :. ; .. 1 

-. _. : -~&t&&$<~j~~~~&.iirm. :A $01&j&i & ~~d~~-~~di.co!d-water-;sd~~.~~_~~~~~i~ 1 
‘$)&&&t&‘:~~&~~ (PE $8 j ;:w&-b .&&d in-:&& sen~~~J:~n~~~~~~~~~~~e~.of 

0.08_1-;2d &&/&; &rq&e ,w+_ &d&d,: and,.,in~nbatio~~~w~r~~~~~.~ &.-& ,b& 37 _ 
. :. .-- . . . . ..:: .,,. _.’ -;. :. ... . . __‘L ,_; 
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Fig. 4. Diagram of the chromatom us& to investigate &he tkmsferak act&y .of the e&me. 
see Experimental section. ‘. :. . . . 

: ~, 

and 10”. Aliquots were removed at I-min intervals, and assayed as described for the 
standard assay procedure. Gelatin was not employed in this study. -_ .: 

Tramferase activity. - The action of the enzyme- on oligosaccharide substrates 
was examined by a two-dimensional, paper-chromatographic technique similar to that 
described by French et al, 33. A sheet of Whatman 3MM chromatography paper was 
arranged as shown in Fig. 4. A.solution containing.appro&nateIy equimolar amounts 
of laminarabiose through laminaraheptaose, plus D-@UCOSe and gentiobiose, -was 
applied at points “A” and “B”. The shorter edges-of the chromatogram were stapled 
together to form a cylinder, which was given34 three ascending irrigations in 6: I:2 
I-propanol-ethyl acetate-water at 709 : 

Following the initial irrigations, the Srst-dimension guide strip containing 
point “IS” was cut off and set aside temporarily. The shaded area indicated in.Fig. 4 
was then sprayed with a solution of about 1 unit of enzyme in 3 ml of 5Wpyridinium 
acetate.btier @H 4.8). The chromatogram was incubated for one h at 37” iil,a.closed 
chamber saturated with water vapor, and then dried in -a ,770”: ftirced-draft oven. 
Another application of the oligosaccharide soIution was made at point. X9’, and the 
chromatogram was again irrigated, exactly as before but in the perpendicular direction. 
The compounds on the chromatogra& and -the first-dimension guide strip were 
detected by the silver nitrate dipping procedure?. .:_. : z 

To -elucidate fin-ther the action of the enzyme. indicated by the ,prec&ng 
experiment, the hydrolysis of laminarapentaosk was studied in great& detail. Ldminara- 
pentaose (L,) was purified from a partial add hydrolyzaje of coldkgter-insoluble 
laminaran by descending paperrchromatography. in .68 % (v/v) . . I-propandl. The 
purity of the Ls was conlirmed -by -asc&dipg pz@er-chromatogra~hy..in 6:-l :2 I- 
propanol-ethyl acetate-water and by thin-layer chrbtiatograp?iy on Kkselguhr G in- 
14 : 3.: 3 l-butauol-pyridine-water36. .:.. ._. . . :. L __ 1 

: ._: ,.l _i. :. ..:_ ~. :. _...lIl 

A mixture was prepared iti which.the.L, ckentration w&s IO:mg/ml:;(l2~mk) 
and‘ the enzyme izoncentratioti -was 0.2 -.&t/ml in 50. &+s ~y&dini~ &tatiz :.bu&i : 
(pH 4.8). -F o U owing incubation. f&i 1 h at1370 -20-&I pb;&.ib& -of the -ri&&ne -were 
applied to a two-dimensional chrtiFatoj&m at the points ?k!..&d %3’? kkic&d-. 
in Fig. 4. A known mixture. df oligosaccharides Was aIs6 z&ii+% td t.& ,fiae.ktrip, -1 

_. 
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assumed to. have ai+erage._d&of 15). The~hy&o$Gs of po$&ch&id,~ ~~~~~x&nin~ 
,I_&: at ,alsubstrate,~dnce~~~?~ of ();&&& ~d~~~;;the_.rate~_~~~~~~~~~l~~. 

‘*at: of.sol&e.l&&*& ~~.*~,sa~~.c~~=~~~~~~,Itw~,.n~~~~~~~~~~~~~s~~~~~:; 

~~~~~:~of-_~~ .p~l~~chariaes’-~~~-‘~~~~ _~~~~~~~,,~~dl;~~~~:~~~~t~~p~~~.8. 
** ..detic .d; “a snallyldi.F~ &Ltit the; assay.b~~~:;b.,~~~-~~l.~~~~~~ 

-. r : I =. ._. :: ,.-. 
study. IIn the case of~the~&~~~tiia~lamin&& yeast gh_r* ~pr&hym+;~~d ,!3&%.$$Z 
roZ&%.polysaccharide,, significar$:ameunti~:of: material-pieclp!~~~‘o~,~~~~~~~.~~o-n : 

. .._ ;. .-: .i. :: 

and dialysis; thus, the actual substrate cdncentratii;ns:~~~‘~o~k:instsin~ ..wer&‘:&ss 
than 0.5 mg/ml. :,::. .=.. --.: -.: -t-...: .;- _;.._.-:-:.;.-.ill _ -:,-;.,.T..: .;;, _::-:.,:.::_. :- 

1. . . :_- 

: The action pattern of the.-Rhizopus.a~f~izfcs_e~e ;:ok--sever&. &f.t&,.~o@o- 

saccharide substrates. was -investigated. ‘Incubations .-were : carried out_ & : 37 o. in : the 
assay buffer (excluding gelatin) for up to 48.h at e&e &ncentrations~uR to~l~IT_J/ml, 
depending on substrate susceptibility. The substrat& concentratidn’.in~~a~~.cask waS 

5 mg/ml. At the end of each incubation &dod;. the.rea&dnv,@ stopped by heating 
the incubation mixture,.in i a .boihng-,water, bath;’ An aliquot.:of. e&h. mixt&.;was 
immediately withdrawn and appliedt0.a @aper chromatograni_forqualitative examina; 
tion-. The remainder of each incubation mixture--was deio$z& on a-mix&bed;.ioni 
exchange resin and taken to dryness .on a-rotary v&uum ev&por$orL(Ro&r~.Bvapo- 
Mix, Buchler Instruments, New. York): A-~p.ortion::of=.the re$chxe+&:t.aken~ up:in 
water and applied in a 2O-cm streak to. a -paper chromatogram;:The:.57 ,&n:Iong 
chromatogram was irrigated for 36 h wi& .7 : 1; 2 :,l~propanol-ethyl acemte+ater. 
The saccharidecontaining bands,. identified by. .guide &rips s&ted with the silver 
nitrate dip-reagents, were .eluted with ‘water z&d- quant@ed. by-the Rhenol+ulfuric 
acid procedure. AS gentiobiose and laminaratriose were not ..%veh:separated. by, this 
solvent system, eluted bands suspected of containing these:_two components were 
further subjected to paper electrophoresis .in 0.1~ borate -buffer (pH 9.2):for :3-4 h 
at 600 V. . . . . 
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