2145094 A NOVEL THERMOSTABLE GLUCOAMYLASE AND METHOD FCR | TS PRODUCTI ON

FI ELD OF THE I NVENTION This invention relates to a novel gl ucoanyl ase
useful. for the hydrolysis of starch and to a method for its production by a
speC|e$,of Costridiumin an anaerobic ferqentation. 5

BACKGROUKD OF THE | NVENTI ON Large quantities of gl ucose- contalnlng rup
are manufactured by the enzymatic hydrolysis of corn starch. T

general ly carried out in two stages. In the first step, the starc

l i quefied by treatnent w g enzyne at 10 a pH betmeen 6
and 7. Thﬁﬁﬁfﬁi@ﬂ %2 §§ E fied by means of a gl ucoanyl ase
enzyme op e S\EB .5. At present, the .

connercially:available gl ucoanyl ase enzynes used for the saccharification
of starch are derived from m croorgani sns of the genera Rhi zopus and
Aspergillus. These 15 glucoanyl ases do not exhibit thernostability,
particularly in solutions ab?YELBHd% £RP ses in current use are
produced by aerobi c- n1croorganrsw&—ﬂiﬁglgggoseixhg requi re oxygen for
growh. "There - are a few reports of gl ucoanyl ase bei ng produced by
anaer obi c .organi snms. Hockenhul |, et al, Biochem J., 39, 102-106 (1945),

found that the anaemgbeg ﬁ?éh&%h“@éf@éé’@“ﬁ%‘ hC%vélr ghicCdamylase useful
for the hydrolysis of starch and to a method for its production

.‘

[ by a specles of Clostridium in-an anaerobic fermentation. %%
5 © BACKGROUND OF THE INVENTION .

Large duantities of glucose-containing syrups are

manufactur;d by the enzymatic hydrolyéis of corn starch. This

is generally cargied out in two stageé. In the first step, the

starch is liquefied by treatment with an alpha-amylase enzyme at

10 a2 pH between 6 and 7. The liquefied starch is then saccharified

~% by means bf a gluéoamylaée enzyme operating at a pH between 4 .

and 4.5. At present, the commercially-availaﬁle.glucoamylase <

enzymes used for the saccharification of starch are derived from

microorganisms of the genera Rhizopus and Aspergillus. These

15 glucoamylases do not exhibit thermostability, partieularly in

solutions above pH 5.

The glucoamylases in current use are produced by aerobic

microorganisms, i.e., those that require oxygen for growth. There



_ glucoanylase ThIS enzyme dlsplayed a pH optlnun1aI 4 5. 5 : Later i
'Ensley ‘et al, J. Gen. Appl. Mcrobiol., 21,. 51-59 (1975), studied the
production of this enzyne and found. that it s induced by the presence‘of
glucose in the culture medium It would be gESlrabIe to hydrol yze starch by

conducting the |iquéfaction and saccharification steps S|nultaneously in 10
t he: sane’ r e8&€i én #Nkﬁ@ﬂ@rtsTMQ;8%“9Qﬂ@%l%§%ohﬁ$ﬂ5hﬁﬁ°¢9°8dgpﬁb&ﬁ%ﬁr

ﬁg{ﬁegxagl Ztélae t hat vvou: d sacche}lé;;yftshgkl [ queff‘ed s&arch at gﬁé_\iaol eagus)’
gg?ﬁ??nyLZS?QBEﬁagpﬁsv %g#g;frmgflc;fntlzléfernnstable aé!thls roduced

' f
now di scovoPed HegEYa 5%%“ ' ?H%e%#fﬁ@e (ELeBIRVER, ponB pER TR AE° R

by an sanaer gul Gl SEIBMANAl N 41000 Ol ad 20R9Ed ﬂislwtg_dhglprs@%vsn_f

|nven ere is pr V

mi cr- oor gani %ﬁl‘%g'e%%%gfﬂﬂ&égi&{ WP QRS ShiPile© hadtms Bt AdE

_hb .39, 251, mutant strains-t ereo or:

“microorgani §iahieed %f %‘He"%x%%ﬁdé dmfem@éseniﬁreﬁeseuit&-esmxm sp.
ATCC No. 39, 251, AT 9, 252 or nutant stralns thereof that codes for

the productlon of a glucoanylase -

e - It would be desirable to hydrolyzelsterch.by conducting

N .the.liquerection-and saccherification eteps sihuitaneouely in

'f1o t:_the saﬁe reactioh mixture. This coﬁld be accomplished ir a

| glucoamylase were available that would.sacchariry the 1iquef1ed i
starch at pH values between 6 and 7 where g;g__;amylase is

: ~act1ve._ In addition, the glucoamylase would have to be -

'r sufficiently thermostable at this pH to permit the saccharification

15_*7;”reaction to be carried out at a temperature where the reaction

rate 1s-fast_enough to be useful.

- We pave now discovered a glucoamylase meeting these
requirements'that is_produced by en anaerobic ferﬁeqtation

reaction.



enzynme. 10 - Also prOV|ded in accordance wi'th thIS invention, .is a.
- process for producing a gl ucoanyl ase enzyme which conprises selecting a i
- m rgani smfromthe group consisting of Costridiumsp. ATCC No. 39, 251,
- ATCC"No. 39,252, nutant strains thereof, or a mcroorgani smincorporating -
genetic i nformation from said Clostrldlun1sp ATCC No. 39,251, ATCC No. -

39,252 or mutant strains thereof that eodes fot the production of a ™ -

gl ucoanyl ase enzyne, culturing cells of the selected nicroorganismin a _
‘nutrient mediumand then 20° " isolating the glucoanyl ase epzynme fromthe
- medium Further, in aEEOPﬂSﬁE@aﬂFFhW%Egsthﬁvﬁﬁ??%ﬁt VR bl e dtBEYR ocess
for hydrolyzi ng Bﬁbb@deataiglbcoghyr@se eﬁhyﬁepa@cfcedCﬂm@mlses treating an
~-aqueous sol utjon_of og Erd PV ﬁ ?0 fgelZS enzyme of
this inventioff* 8F°8rﬁﬁpb?m s 6“7% ?8? 5 guf %?e%? ? ﬁ% % %ydrolyze the
mal t odextrin.Ebosgkidbdem. Sp. EEﬁﬁluED BESERI PTATHC Qo THE9 | 2MENTI ON The = - -
gl ucoanykase ﬁttsnhsswxff)yeg b8oP! OgHCEtnDYr bYPediRYLFL I A1 NS Of

d ostrld um t.hat were I solate rom nud hot spri.ngs in Hveragerdi, Iceland
by Dr.’ Lars GlnepuRgaahingn@enetieoinbererkion gron reaish Ghostridiym -

" Georgia. Theypar ATgCaNbPOSD| 2SE, -ATCC No. 39,252 or mutant strains
thereof that codes for the productlon of a glucoamylase-

enzyme. _ , _
10 Also prov1ded, 1n accordance with this - ' _ {;)
1nvent10n, is a process for produclng a glucoamylase
enzyme which comprlses selectlng a mlcroorganlsm from
the group con31st1ng of Clostridium sp. ATCC :
No. 39,251, ATCC'No. 39,252, mutant strains thereof or
15 . a microorganism incorporatlng genetic information from |
'said Clostridium sp. ATCC No. 39,251, ATCC No. 39,252
or mutant strains. ‘thereof that codes for the production

of a glucoamylase enzyme, culturlng cells of the
| selected m1croorganlsm in a nutrient medium and then
'20 1solat1ng the glucoamylase enzyme from the medlum.
Further, in accordance with thls-lnventlon, is
provided a process for hydrolyzing maltodextrin to
glucose. This process comprises treating an aqueous . _ ;J
. solution of the maltodextrin_with_the,glucoaMylase '
25 enzyme of this invention at a pH of 3.5 to 7.0 .for a
" sufficient time to hydrolyze the maltodextrin to .
‘glucose. '



spore forn1ng, thernnphlllc anaeroblc bacterla Dr. Ljungdahl -has :
proposed the nane Cl ostridi um t her noamyl ol ytj cum for these strains h%%;
are freely available to the publlc fron1the‘%mer|can“Type Cul ture- |'
Col 1 ection as ATCC No.n=39 anpl es were
deposi ted on. 3rd Dece-- PHE Shamaecan :
preparatfon or the- glucoanylase of thls i nvention are gromn under anaeroblc_
conditions in a medi um whi ch contains a sol uble starch or nmaltodextrin'as

LQFUE?LES“yd%ﬁéef o7 e ElEFEhy AR S5, B3, Yool SRR brae

Per ment at | JPheHRARE o EYSEELdN b FBR s el %‘%h%eia%adcaf%{fﬁ?ﬁq' ot ‘springs

STEIEY, oot B AT a0 OVEE.  Hire o, gpriBl #%?c?%ﬁﬁfrkers_
ture o

glr Sﬁap;ﬁ;f;@;%d% coarry asngf;[/\gé igg%gr g?e ewsgﬂbl n-gmﬁw afADha anyl ase -

on granul arggd Mhtﬁibdépﬁfi?& En%ﬁ?Bb@é'b%itﬁﬁﬁkher égéﬁﬁﬁdﬁﬁl

of - the crude glucoany ase was. acconpli by -amoni um*su

pr eci pi t-at igs fppdposed bbhé avene! crasemaawehee%m%m Tf@r | these

purified- enzyme had a nol ecul ar verght -or abod
so4|un1dodemrainsfwhfch are treely available to the public from the American

\,7 o Type ‘Culture-Colléction’ aS'ATQC-No. 39,251-and'ATCC No. '39,252.
o 10 The samples were depoSited on 3rd December, 1982.
The microorganisms-used forethe preparation-or'the
f slucoamylase of this invention are srown under anaerobic |
"haconditions in a medium which contains a soluble starch or-
'l:maltodextrin as the: carbohydrate source, a yeast extract plus '
':f 15vitamin and mineral solutions._ The fermentation is generally
-c_Vconducted between about pH 6 and pH 7 The glucoamylase produced
:'by these microorganisms is found in the rermentation medium

\J "along with alpha-amylase. This indicates that the glucoamylase

-is an extracellular enzyme._

.f'zo {. ] : The glucoamylase ‘was puriried ‘by removing the cells
- . from the fermentation- broth rollowed by precipitation of
t'extraneous matter with calcium chloride. The mixture of
"g;phgramylase and glucoamylase was separated by adsorbing the
' glphgramylase on granular starch with which it forms a complex.

o 25Further purification of the crude glucoamylase was accomplished



. reaction

. (SDS) polyacrylan1de gel electrophore5|s 5 - In t he- follomnng .

o de ptions of the preparation and properties. of the glucoanylase enzyne,,
;_eﬂéiikferences ‘to parts and percentages. E&e by weight, unless‘expressly
" indifated to be otherw se. d ucoanyl ase say. 10. S The substrate

_ligggdcigynﬁgﬁg Sayﬁbié%ﬁ%ih?@%%ﬁ?ﬁﬁ}%oépﬁﬂiiéﬁbéogﬁ(gg@lfapﬁgl22;; from
200"l tRRs Bk RPnYy Beplrasontl, 150 PR 60HA elagfle bt Bolefhidly

~vol ume, weighthe abble’ 7@%@9 &%urd%eé-dmwasfdséaiéﬁcdéeécﬁﬁ Bulvaee the

S term nated Imersing the mxture in a I'ing water bath for

10 to 28p8) npbe§acr wyyaél 1t haedgicpraresidy the glucose oxi dase met hod
- using a ylucose analyzer (Yellow Springs.Instrument Conpany, Yellow

- Springs, 20 ©Chio). .One gl'ucoanyl'ase unit is defined as the anount of

enzyme required to produce 1 gram of Yyl ucose in 1 hour under the assay .
~condigions. . aEW&Wo&S@wﬂmﬁe‘&&ﬂﬁMummfeﬂe pnebgreuinn dndut ed

.f Wi th 0.0025 M cal ciumchloride solution to give a final" concentration of
labout ﬁréﬁenhiesobra¢mmw@mpqmsmmﬁase<3nzyme9tablopoteyencaat&9 pnzymE'
) ‘ and percentages are by weight, unless expressly 1nd1oated to be

otherwise.
Glucoamxiase Assay

| _10 : : .Ehefsebstrsse useoftor:the"sssay'1s.s\§sl§oée$f§lu'.
-(Malsrin-leo-available—from the—Gratn~?rocessing-company;J
_ Muscatine, Iowa) "o. 1 ml of the enzyme solution wss mized.
“with 0. 6 ml of a 5% maltodextrin solution, 0. l ml of 500 mM
sodium acetate solution (pH_S) and water 1s_added to make a.
15 total volume_of 1 ml. After the mixtufe_islincuoated_at 60°C -
for 30 minutes, the reaction is terminated by iumersing_the | \f}
mixture in a boilins water bath for 10 to 20.m1nutes;s Glucose
is then determined by'the gluoose-oxidase method usiug'a_glucose,
'analyzer'(Xellow'§prlngsﬁlnstrument'COmpany? Yellow Springs,s
20 Onio). One glucoamylase unit is defined as the smouns of
enzyme requlred to produce 1 gram or'glucose:in l'hour'uuder

the assay conditions.



5 solutlon I's added to 10 n of a 1% sol ubl e starch sol ution contalnlng
0.03 Macetic acid buffer (pH 6.0): and 0.03,Mcal ciumchloride. The
reaction is carried out for 10 m nutes at C. One.m of the reactio
solution-is put in‘a 100-m graduated flask containing 50 m of 0.02f
hydrochloric acid, 10 . and after adding 3 mM of 0.05% odi ne sol utio
theretq. the total vol ume i s mealkpha~-Amyla8eniAsisayt he addition of water.
The bl-ue -col or which develops i'S measured for absorbance at 620 nm The,
ampunt: of the enzyme required to deconpose 10 ng/starch in 1 mnute is
deflned as 1 unit. 15 |~ uni t = Jerr] x [err] X - (dilution

factor). vhere, [err] Théﬂioiﬁﬁﬁsﬁ 6 senhgahyﬁehuﬂsmai\%%éa #ftﬁdd?6045 M-

instead of t he: enzyme solution) [err] sor bance of the reaction solution

Prepar at i oregifc Adm GHI0H 266 Edlﬁ@ﬂ@h' tbag19eUa0TINaTS & SHNErat £6AT 6F @bsut
were obtained-fromtwo strains of Clostrrdiumsp. ATCC No. 39, 251 and ATCC

No. 39, 252.0.25 unit of acttdityn peppmlati Oneand @f tpmemmodimuedeenzyme' '
were carried out using standard anaerobic techniques’ as described by . |
'HungatS,IQsdiutithisladmbE tét badmloofCal 1ifvaoluble starch solwtdons”
in Methods in Mcrobiology, edited by J. R Norris and D. W Ri bbons, Vo
_3B Academcnd%&&ndng 0.03 M-acetic acid buffer’ (pH .0) and 0. 03 M

ST " calcium chloride. The reaction is carried. out for 10 minutes
._\in. at 60°C. One ml of the reaction solution is put in a 100-ml
_. _' -graduated flask containing 50 ml of 0.02 N hydrcchloric acid,
F1Ol and after addins 3 ml of 0. 051 iocdine solution thereto, the
_.total volume is made up to 100 ml by the addition of water. The
blue color. which develops is measured for absorbance at 620 nm.
"if;The amount of the enzyme required to decompose 10 mg/starch in
B ';‘l minute is defined as 1 unit. ' '

15 1 unit = -25—-—— Tﬁég-lﬁ x (dilution factor)

. where,

D_ = absorbance of control solution (water'is added
instead of ‘the enzyme solution)

'-'_Ds = absorbance of the reaction solutibn



. QIO:NéW-York 1969, pp 117- 132 and by MIler and Wlin, Appl.'NIcrobiéI.“
Y27, 985 (1974). The nedlun1used to produce seed and to maintain the stock

ol tfure of the organlsn1had t he fol |l owrqg conp05|t|on ‘Seed Medi um 15
'ZEE?édlents : . Chneentration (g/l) Starch (Llntner)
y err] S e | AR 1.5 [err]
0.5 [err] o Pregaration of Glucoamxla%eZ 20 .- [err] wn
*0:18 Yeast Extract _ 0 V'tanln Sol'ution
.70.5 M/l Mneral Solution - - P a 50 nm /Il Resazurin
S1(0:19% : n1/| 25 'Reducing Sol ution

a0 Tmdl Vi t t
Shglt Biotin amﬂké%ﬂé@iiﬁié@ Efﬁgéamylase enzyme qﬁﬁparatio s were

25 Pyiguiedned Hdom two strains of Clostridium shQ RTed Ny 13 (? 251
-5 Thi am ne -HC COtInIC Aci
. 9. ' and ATCC No.. 39,252..' .
5 "3. "117 Medium preparation and cultivation or samples were
-carried out using standard anaerobic techniques as described
'-by .Hungate, R. E., "A Roll.Tnbe"Methadnfor cultivation or IR

Strict Anaerobes", 1n Methods 1n Microbiologz edited .by.

J. R. Norris and D W.-Ribbons,.Vbl. 38, Academic Press, _
~ 10New York, 1969, - 117-132, and by Miller and’ Wolin, Appl.
Microbiol., _1, 985 (1974). '

. The medium used to produce:seed-and:to maintain the

stock culture of the organism had the.fbllowing composition:

- Seed Medium R
15 ° _Ingredients‘ - | ' Concentration (g/1) -
Starch (Lintner) - 20 |
KH,PO, o o 1.5
NH,Cl - R - 0.5
Ne,HPO,-12H,0 b2
20 MgCl, | -+ 0.18
Yeast Extract B | 2.0
Vitamin Solution ' 0.5.m1/1
Mineral Solution - . 50 - ml/1
Resazurin'(o.lz) - - o _ 1 ml/1

25 Reducing Solution « . i _ ' — 40 'mi/l b1



Pantothenrc Aci d 2 S 510 qerr]

0.'1: [err]--Am nobenzoi ¢ Acid - 5 Throctrc Aci
5 Reduci ng Sol ution Ingredrents g At
NaCH (0.2 N s - 200 il 15 [err] _
2.59 stei ne [err] . - ... - . 2549 M ner al
Solutr ’I ngr edi ent s S ‘Vitamin Solution -ng/ 100 m :
Ni tFi | trracetrc Acid 3 : 1500 [err]. .
30005 [err] Vitamins I S 500 NEE/L
1000 [err] o o ©+ o .. 100 [err]
100. [err] - - Blotin .. - 100 10 Ferr]
100 ferr) . - o : : 10 [err] - '
10 [err] Folic Acid | 10 [err] 15 2 7 Viable
ceIIs couldfpe ggrgagkggg the seed medi um at | © 10
5,,'] Riboflavin . | .5
:3:{ _ Thiamine HC1 --5.]
o Nicotinic Acid .5
':,;3 Pantothenic Acid 5
' 10 312 | 0.1
| grAminobenzoié Acid 5
. Thioctic Acid 5
I ‘Redueing Solution _ | _
. . Ingredients S ) S . Amount
NaOK (0.2 N) . 200 ‘m
15 NayS-9H,0 - - 2.5 g,
Cysteine HCL-H,0 . . 2.5¢g



}'.used to inocul ate a fernent
"+ t'he volune of "the growth .me

~fromthe-Gain

- i*room-tenperature-for indefinite perlods of tlne ‘In order to grOM/the ,

~‘m_croorgani sns for production of enzy sterile seed nedi um was |n0culated'_
W;h cells and-incubated at [err] underianaerobic conditions for '

agproxi mately 30 hours. . This produced rapi.dly- 20growi ng cells whi chwere

nersic 8¢ pf inoculumwas froml to 5% of
T ntor.. This medium had t

“ 7 following ¢ . Gowt h I\/Edl um g./..100 m l\/al trimg/ROD) mierr])
o foljoung cgpeshleRts 100 Sg/00 sher

e P 5 Prynmex|err
15 [err]Nitrilotriacetic Acid 0.5 [errl500

- 0.-06 [err] ' ~0.001 [err]

. 0:13 [err] MQSOg ﬂ 00 dextrose eqU|vaIent starch ‘hydrol y3a00 avallable
_ roc ssi ng Conpany, Miscatine, lowa. b) A cottonseed neal
. avail abl® fMn8OJrHdors O MII Conpany, Fort Worth, Texas508) A yeast

:_extract avai | abl’'e from Anber Laboratories, M Iwaukee W sconsi n.
' : NaCl . . _ N . .. 1000
FeSO,-TH,0 . __,.,”1_100-
CaCl, . S -7 100 )
. | a S T O
10 Znso,-7H,O o : 100 -
4 72 . o
KAl(SOu)z o ' o i0
H3303;_ | 10
_NaZMoOufZHZQ . - o 10
Na'as°°3 ) L . . - o .1
15 _ : Viable cells could be maintained in the seed medium at

‘room temperature for indefinite. periods of time. In order to grow
the microorgenisms for production of enzyme, sterileaseed_medium =
was inoculated with cells and incubated at 56°C under aﬁaerobic
conditions for approximately 30 hours. 'This produced rapidly-

IZOgrowing cells which were used to inoculate a fermentor. The

volume of inoculum was from 1 to 5% of the volume of the growth
medium in the fermentor. This medium had the foilowing

composition:



The pH of the medi um was adj usted to 6 when ‘the startlng straln was ATCC o
No.” 39,251. The pH was adjusted to 7 when the 15 starting strain was APCCy: .

No.” 39, 252..  Production runs were made in a 1 iter fermentor using 10—
liters of medium - The yield of extracellular glucoanyl ase was
appr oxi: mately 0. 004 units per . m of .fernentation brot h. Purification of

the EnZyfe The crude gl ucoanyl ase WI fied by the following . .
procedure. The fernentatlon broth.-was first filtered thro%aa :Bass wool to
renove ‘a. gummy |nsol stance Cel .l s 5 were. then re mthe -
filtrate by means of alﬁp@g pl es (RTM.. eont i nuous scrol | gsrlfuge,- Model

- 741-- 24/ 8R4 (Shar’fﬂ Phi I'adel phi a, . Pa.) “oper at ed at . | bs pressure.
To the.cl:ear was added suff|C|ent calciumehloride to:give a :
finaL_COncentratl about 1.5% w v and the mixture was stdrred 10 for 10 _
m nut es. - The b égﬁéxmklpltate was renoved by filtration and di'scar ded, L
The clear anber ed filtrate was then concentrated by an ‘Am con
hoIIom#flbe (H ntrator; type AC2, available from Am con
corp.. Dan\r?er sw&swgncentrat ion was carried out until t{% vol ume wa's
bét ween 500 15 ayubil0QY g bef ore concentrat ed: apmoni um hydigggle was added”
to bring the pkitc)E? The addition of- amoni um hydr oxi de caused .a second
preC|p|tate to fMnoR,+@H. (M ‘was renoved by filtration. COntamluulng '

al pha arryl ase enzyrmz _ ermved fromthe _
| C _ : KHPOu T . 0 0.13
ST (NH, ) HPO, o | 1

10 ,a) A 10 dextrose equivalent starch hydrolyzate available '
A rrom the Grain Processing Company, Muscatine, Iowa.

. _,b) A cottonseed meal available from Traders Oil Mill
g - Company ; s Fort Worth, ‘Texas. _ :

-3.c) A yeast extract available from Amber Laboratories,
'~ Milwaukee, Wisconsin.

'I'he pl-l of the medium was adJusted to 6 when the starting
" strain was ATCC No. 39,251. The pH was adjusted to 7 when the
15 starting strain was ATCC No.. 39 252. ' Production runs were ‘made
- in a 14-1liter fermentor using 10 J.iters of medium. The yield of
extracellular glucoamylase was approximately 0 oou units per ml of

i‘ermentation broth.



‘collected by a 25 vacuu

Eﬁflltrate by coaneX|ng mnth granular starch Wwhich had beén 20 eqU|I|brated
}'mﬁgﬁ\sodlun1acetate buf fer solution contalﬂlng 50 mM sodi um acetate at pH 6
a ‘mM [err]. One gram of starch was uskd for every 300 units of .

cal a amyl ase enzyme present. The m xture of starch and enzyne sol ution

- was stirred gently. at reg ; i&ﬂes before the solld mas o
| ase enzyne in t he’ o

lﬁfflltrate was - 12 further purlffed to hoanene|ty according tothe

- then.centrifuged at 30, -000"X

i following steps: 1. To the filtrate :(910 nl.) was added 190: 2 g of ahnnnluni
s sulfate and the n@ﬁéuefua@sgiwofﬁ%lgisé VHRYFEPRES! pif 1t gealnfoshe |t was

nM nut es and, t he- SO|Id

TTwas di spg1 oWt ng TorébeatrRe nwtre&%&&aﬂiodva&raaﬂeda§3ﬁiﬁse gh18@mea um

=« sulfate. The mixture was stirred t'o conplete the precipitation.and then-
““the sol tHrosght glassowobe Ebuseaidieae, sEed Risle byubstahceugaCeqasat -
. 10 30,000 x. g for 20 m nutes he sol.id was dissolved and, 300 n

.- of s5d|vereCEhaneremoyed f56mrﬂ‘tthepl:ﬂ":l.'it&3aumchyhmégusdoﬁta[snaj:-pags(~ h@)

. three 2-liter portions of -the same buffer during.48 hours. 2. The dialyzed .
_anber - cobntinueas yserodlutieat rdfuge,s Male k2 b/ 8RS fSBarp&esoBorp., '

:?;fllled with DEAE cel |l ul ose, Grade DE-52, avail able from Watman, I nc.
sl |fton?hinadelphia, Pa.) operated at us 1lbs pressure. To. the clear

supernatant was..added sufficient calcium chloride to give a i~
final concentration of about 1. 5! w/v and the mixture was stirred
+ 10 gop 10 minutes. The bulky precipitate was removed by filtration
and discarded. The clear, amber-colored filtrate was then
concentrated by an.Amicon hollow-fiber (HP-lO) concentrator,;
'_ type acz, available from the Amicon Corp., Danvers, Mass.- |
.Concentration was carried out until the volume was between 500
;':15-and 1000 ml before concentrated ammonium hydroxide was added to
bring the pH to 6. ‘The addition of ammonium hydroxide caused a
second.precipitate to form, which was removed by filtration.
U
Contaminating g;g_aramylase enzyme was removed from the
| filtrate by complexing with sranular starch which had been N
: 20 equilibrated with sodium acetate buffer solution containing 50 mM
o sodium acetate at pH_G and_5 mM Ga_ . One granm oflstarch was used
for every 306 units.of glghgramylase enzyme present. The mixture
of starch and enzyme solution was stirred gently at room
temperature for 60 minutes before the solid was collected by a

' 25_vacuum filtration. Thegglucoamylase-enzyme in the filtrate was



mw pH 5.2). The light yel'l ow fraction whi-ch passed through was collecte
and used for the purificati-on. ApprOX|nateIw285@6of ‘the enzyne .activity
was:recovered in this fraction. =~ 3. The enzyne sol ution was concentrated

to a vdkv ) a

(Ani cor T enFyRtngRobbri®als b6 MRaRResle sty ARGHNHE 80 the Hhelonthy ateps:
©cut. The m xture wad'5 - clarified by centrlfugatlon at - 10, 000 x g:for
10 m nut es. Then one-third of the supernatant was | oaded.on a 1.6 x 85 cm

~col unm of acryl ani deoagReo?e 1¢¢at el (91WHL Y Ridd Aded4196kB £r o0fuainonABm
Bromma, Sweden) which had previously been equilibrated with 50 miV 10

‘sodi um acet at e buf f gulfaskedianidng heO iYW ivas THEl meedinat vasonl temperatire
the sane buffer at a flowrate of 12 mi/hr. Three nt fractions were

col l'ected and checkedrfdrhghucoaamlamsaxhenndentrﬂrugédastiBﬁsoeﬁnmasnfng
enzyne activity were conbined and the rest 15 of -the supernatant was ,
separat®d on.the U-200m4nuees) and ®he isokit wasrcdiscarded. 4. Tohsheonbi ned

gl ucoanylase sanpl.es fromthe gel filtration were diduted with 3 vol unes of
~acetate buffer (50 mepﬂasﬁn&n lﬁd‘ébrﬂﬂehvt#ﬁaﬂ@@ﬂib n§ of ammonium.

sulfate. The mixture was stirred to complete the

The ceIIquse col um: was - flrst eqU|I|brated wi th sodlun1acetate buf fer (E?;/;_:
L

_ _ : precipitation and then the solid, containing-the
':14'_ _ | glucoamylase, was separated by centrifugation at
10 30,000 x g for 20 minutes The solid was dissolved
and 300 ml of sodium acetate buffer (50 mM, pK 5. 2)
'and dialyzed at 7°C against three z-liter portions
’of the same bufrer during hS hours..

2. The dialyzed amber-colored enzyme solution was passed
s through a 2.3 x 20 cm column filled with DEAE cellulose,
Grade DE-52 available rrom Whatman, Ine., CIifton, N.J.
- The cellulose column was first equilibrated with. sodium
acetate buffer'(SO'mM, pH'S;a); The lisht.yeliow |
:raction.whiop passed_through was coliecfed and used
0g £or the porification;' ApproximatelnyS’"of the enzyme

L activity;was recovered -in this frection._



0200 “.colum -of CMcellul ose, CM52 available from Watman, I|nc.,
.d |f on, N.J. The enzyne was -adsorbed on h ¢ top portion of the colum
KAg a yellow1band The col um was was wth 200 m of the acetate
before the material was eluted with an Nad. |inear gradgient &%ﬁé 3 M

| n acet3: e PhefenzymeTROIuE1OR: WASD °°n°94&ﬁﬁ¥ﬁ%t%8 ﬁn?ﬁgﬁmf4°
BRI L VR S ALVR R - & B vt B LRI S
 Gescribed in &t eﬁf%iwaﬂcg’ﬁﬁbégﬁté‘%r%hiﬁﬁoﬁ? L ’rﬂé‘io‘gﬂhﬁ\?ﬁ\%?f. gl um a3
e observed_ HETRPERR"pS abA GRATEY il Yurt, Hige NiLcERLE HAgLo) " peake
~ enzyne. ves - CO”Ce&ié?%g%eQBb&h%ehgrfi4§§ﬁ§o&5 t 1§, 60@Ck'§n?oﬁonta'n'ng-the

enzyne preparation |alyzed against 1 liter of

. acetate buffer df I 534 6&H@n|oﬁ;Jtﬂfrdmbﬂ“@héhgﬂﬁéfnﬂtahﬁfﬁ@f s during
Falyzed

“ 48 hours. .- The- sanpl e. was romat'ographed on 1:6 X 20 cm col um of -

| ?é*ws'sighiéii' o i R e ot el
N.J.). " The Colugelwasloeaheccnduwsu (LKB Producter AB, Bromma, Sweden)
N which had previously been equilibrated with 50 mM
10 © sodium acetate buffer .ontaining '100 mM NaCl. The . U
column was eluted with the same buffer at a flow rate
of 12 ml/hr Three ml fractions were collected and
checked for glucoamylase activity._ The fractions |
containing enzyme activity were conbined and the rest
.'15' | - of .the supernatant was sepa.rated on the Ultrogel ( E.TM)

column 1n the same fashion..

4, fne combined glucoamylase samples from the gel
.'filtration.were_diluted with’ '3 volumes of acetate
buffer (50 mM, pH 5) and adsorbed on a 2.3 x 20 em
- 20 - column of CM-cellulose, CM-52 available from Whatman, Inc.,
Clifton, N.J. The enzyme'wae:adsorbed:onctne top
portion of the column forming a yellow band. The
column was washed with 200 ml of_the acetate buffer
before the material was eluted with an NaC]l linear
gradient (0-0.3 M NaCl 15 acetate buffer). The enzyme
25 was eluted with 0.1% M NaCl. The fractions with high

enzyme activity were combined;



100'h1‘0f'the acetat e buffer before t he enzyne was eluted wi th 200 n1 of
‘buffer containing 0.5 M NaCl . d ucoanyl ase m@ eluted in a sharp peak.

protein 20 content of the enz ne cont |n|ng sol ytion Wwas“determ ned
the nethod of Bewr Fhec@ngyme preg; rom13kep 68327§°PE99ffat@9 hivg

"_S?Xieﬂe.'éi%;; 2;?‘””” s Sta&&@ﬂ@i’?”@%ﬁﬁ Shiphr pedo8dioi o (o 25
_%Yﬁftﬁgééuéiggiiﬁlgcisp | ckrebiied ioin A0a, P deSheh BedT SR HRuR Stza%Lf‘m |
Vorbme * . onit desBg AR Wﬁ?’h&%@?@%é‘wﬁ‘oﬁhﬁe -

Per m 5 fm PBS&%Ptra s. @%béaﬂdl&fhéiwﬁ*qgﬁaﬁéasu%§84gg absorpQ398§7

‘0. 0055. tration
89.8 Starch- AFTINi g2 . ?ZH} rotefhgﬂééks were 9bQQ¥5ed. Angl éz
5°35-.80% (NH4) _2804 80 nm 32 P y%a
DE-52 Colum ' . fop glucﬁalzlase 4bﬁ!ﬁiky 1nd1c9t960€hat this eﬁ@
U trogel’ AcA 54 . .- 0. 0418 : 8 o,
'CM 52 Col umm ' 1was concehitrated ﬂhiwhﬁﬁthird p@ak555 - 26-6 -
‘U trogel AcA 54 . - 30. - 0.3133 0. 7813 ' 18.7 10
CM Sephadex .. 248 . 0.2100 .  1.628 - . . 10.4
T . 'e}u ons containing eemmemwuaohrm
U 6 The £, ti taini th ti £
210 | Step 5 were dialyzed against 1 liter of acetate buffer
-;(50 mM, pH iy, 6) at 7°c using two changes of burrer _
dur:l.ng 48 hours-. ‘The dia.lyzed sam leT hv:'\ s chromatographed
" on 1.6 x 20 em column of CM-SephsdeFlg-SO previously i
fequilibrated with the acetate buffer at pH 4. 6
BRI :(CM—Sephadex is available from Pharmacia Fine Chemicals,
Ltd., Piscataway, N.J. ). The column was washed with
'100 ml of the acetate burfer before the enzyme was
_ eluted with 200 ml of burfer-containing 0.5 M NaCl.
o/ . - : o .
Lo _ Glucoamylase was eluted in a sharp peak. - The protein
20' content of the enzyme-containing solution was determlned
py the method of.Lowry, et gl., J. Biol. Chem., 193,
265-275 (1951), using bovine serum albumin as a standard.
- A summary of purificssion procedure :is given in Table I.
By this procedure, the enzyme was"pusiriedl32o-fo1d to
25 = give a purified sample with a specific activity of 1.6

funlps/mg protein. ChrOmatofocusing 1nd1ceted'that the
glucoamylase had an 1isoelectric point'at oH 5.6



- Mol.ecul ar Wi ght of the Enzyme The purified gl ucoanyl ase” was determned tq
 be~ m)geneous by its migration as a single protein band when subject to
S pe cryI am de gel el ectrophoresis eltheﬁ 5“ the 15 presence or absence of
S The nol ecul ar wei ght of the enzyrre was estinmated to be 75, 000 by
SDS— pol- yacryl ani de gel el ectrophor %cordl ng to the procedure of
~Laeurml1, Nature, 227, '680-685. (1 7‘%& i s is’'somewhat smaller than\{he

tiner ool SRR PRI bl ol 1

- Methods in Enzynol ogy, Vol . edi ted by V. G nsburg, Academ c Press,
~'New York, 1972, pp.. 931-934, Ehe ol eqyl4gr Wei ghtUni P§,7 Q0 gi ¥¢g éor

. the gl ucoa om Asper gi | "oryzae, 31 30¢ 314 :
- (1979) . WJ&i éllty of t rre51"i'r€'h'mqerrms‘a%1'r'r'r'y—o i ed-
" glucoa Iase was conpared with that of two .ot known ggoarryl asei The i
_puri i ekulsHps fuperratant ut ed Wi3#508odi um a@ e buffero %9 m of

- " desired pH) .0 give.a protein congentrati 12 [err]l/ The enzyge g -
" sol utlo\’uﬁ? Fitrationat ed at [erd % At apgrbﬂ% irate 10 0%7I ntervals §5.8 :

(usuall 30, 60.and m nut eg) i al s wer ved- and
i nmmedi g@ héﬁl‘@&! n.an jce ba'ggﬁ.g Resi du§1°4(§\r42yme act?&b?gowas assaygoz at

_'pH5§"”95-§8?tkﬂ?gsdhe 35 . 0.100 0.0270 7.2

| DE-52 Column a9 -o.os_zo_'_ o._osoz"_ . 60.5 u
Uitrogel AcA 54 74 01380 . 0.048 - 478
CH-52 Column 8 0.s8  0.1885 2.6
Wtrogel AcA 56 30 0.n3 07813 - 187 ¢

10 CM-Sephadex . . . 24.8  0.2100 1628 - 10.4

Molecular Weight of the Enzyme

fThe purified glucoamylase was determined to be !

homogeneous by i1ts migration as a single protein band when .
subject to polyacrylamide gel electrophofesis either'in the

..15 presence'or absenee of SDS. The molecular weight of the enzyme.

',: was estimated to be 75, 000 by SDS-polyacrylamide gel
electrophoresis according to the procedure of Laemmli, Nature,
__1, 680-685 (1970). This is somewhat smaller than the
molecular weight of 100,000 reported for the glucoamylase

20 derived from the funsi-ASpergillus niger, Pazur, J. H.,
"Analysie of Glucoamylase", in Mefhogg_;n.Eanmologx, Vol. 28,




standard assay procedure The- haIf-Irfe of the enzyne was. -cal cul ated :
_lirnear regression. - Results .given in Tabl e 11 15i ndi cate that the enzy

t he present i nvention shows.superior stabrlrti at [err] and pH 5 or. 6 over

t he" glucoanylases produced by Tal aronyces dupbnt 1 and Aspergrllus nrger _
1t -has#a half-1ife“of ever 3 hours at pH 6 and [err]. :
;THEche¢ABed1feacsycxtmﬁmnnpnss.Aﬁcad@@unmﬂrqgs*aNQWrank; bf?énzpne 931-93"
pH 4. 3 H 5 G ucoanylase of .thi .
215 l.nvent aod @ hegupincular weishtasd] 37“]%00 given fozmhe sluccamzlase from

& hane i T 035 bae . pSalhre 8 B o ST 2L aF QT T30 (RETRA 2o e

Devel opnent Corp.; -2 Pehn. Plaza, New York, N Y. pH Effect on the Enzyne
‘The gl acoanylase enzyne. actrvrty was analyzed by the 10 standard procedure
except that the pH of themsut - we> L O 8.5 using 100 mM
buffer solutions of the & e OV ' ate (pH 3.5), acetate
(pH 4 to 6), HEPES (pH 6.5 to 7. 5) and TRIS—acetate (pH 8-8.5). The . -
relatrve actrvrtres at varrous PHs grven beIomrrndrcate that t-he. enzyne .

5 l,' The thermostability of the puriried ‘glucoamylase was
2 'compared with ‘that of two other known slucoamylases- The |
| purified enzyme was diluted with. sodium acetate.burfer (100 mM, _'.
"-of the desired pH) to give a protein concentration of 12 ug/ml.
. The enzyme solutions were 1ncubated at 70°C.- At appropriate |
'-10;1me.1ntervals (usually 5,-10,120, 30,760;and 120_m1nutesz, ﬂ'
5 vials-were removed-ahd iﬁﬁediately-cOOIed'in aﬁ:ice bath.
'._jResidual enzyme activity was assayed at pH 5 and 60°c using theﬁ
'rpg_spandard.assay procedure._ The half-life of the enzyme was
tréaleulated-by-linearpregression.- Results given in Table II
'151ndicafe}thaﬁithe enkyme of the present.invention shows superier'
‘stability at 70°C and pH 5 or 6 over the glucoamyiases”prodaeed_-

by :Ialaromyces ggpent; and.Aspergillushniger. 'It-has-a_half-life '
of over 3 hours at pH 6 and 70°C. ' ' '



15,sbom5 nBX|nun1act|V|ty at pH 5.0. Percent of NhXIﬁUﬁ]ACtIVIty 3.5

_;652V_0 . .. 73 4.5 ,\ | 87 20
5\ ) 100 5.5 | | 96 6.0
93 6.5 _ 86 7.0 o - 75 7.5
10°8.0 . - 5 8.5 | T2

T;Tenperature Cptlnun1for the_Enzyﬁ@Bﬁ§e¥;fect of t.-he reactlon tenperé(ure

on the purified enz . ) | tandard (pH 5) '
assay for glucoa ég@ogii' Y FﬂFgﬂaﬁﬂgﬁﬁgﬁégkagg 2@ ¢ At this pH, the *-
.5 optinumtenperature.for action of the enzyne was [err]. Substrate

- Specificity of the Enzynme The enzymne hydroiyﬁ-f P gdvﬁ ﬁhgeggda§oluble

“ starch. It alsoggxgﬁglyzed mal t ose but tfiﬂliif WS 1T SIb g han

.half the.rate | ysis of maltodextr

;3hydrolyéiuLB§m9i§§5anf%ﬁth N@senter0|des;5mhlch 68 . 215
' Invention ' o |

' T. duponti Glueeamylase )_ - 7'1h S e 1;1

5 A nigé:ielucoamyiaee?)' <5 7 728 on

‘a) U.S. Patent 4,247,637. . . o 3

b) A commercial enzyme available from the Enzyme Development Corp.;
- 2 Penn.Plaza, New York, N Y. o

. pH Effect on the Enzyme

The glucoamylase enzyme activity was analyzed by the

10 standard procedure except that the pH.of the substrate was varied

from 3.5 to 8.5 using 100 mM buffer solutions of_the following
compositions: citrate (pH 3.5), acetate (pE 4 to 6), HEPES

(pH 6.5 to 7.5) and TRIS-acetate (pH 8-8.5). The relative -

activities_at_varioue pHs given below indicate that the enzyme ~

15 shows maximum activity at pH 5.0. -

Percent of

pH Maximum Act;vitx
3.5 65 -
4.0 173
4.5 87
20 5.0 100
5.5 96
6.0 93
6.5 86
75 Xt
25 8.0 5
8.5 2



onta|ns prlnC|paIIy ‘1, 6-1inkages between the. glucose unlts The fore90|‘”
tests denonstrate that there is prOV|ded by -this invention a glucoanyl as =
enzyme t hat hydrolyzes starch at pH val ues between 6 and 7. Furt hernore, _
t he glucoanylase 15 is suff|C|entIy t her nost dbBe- i n this pHrange to permt
its. use™to: hydrol yze starch at.a tenperature where the reaction rate is
fast- enddgh to be usef. Utem é&”ﬁttﬁré "ﬁwtfgf fas ke scribed wi'th
speC|f|c embodi nent s -t _ . TSt OO at 1t is capable of
further nodification and 20 adaptatlons or variations as apparent to those'
‘skilled in the enzyne and starch hydr ol ysi.s art. ~ CLAIMS 1. ° A
gl ucoanyl ase enzyne dgHe effdetoron thesreactiont bemperatiureyoncwhe purified
m.croorgani sm said enzyme. havi ng .a .ol ecul ar wei ght of about 75,000 + S
°3, 000" as - deirezysienovh sh)d Amined by | perflormythgetbet stndass {pHhB) RPSBY for
'half-llfe of greater than 3 hours at pH 6 and [err], having a nmaxi mum
gl ucoany| aglussamylasetact ity athowarscws hempemakuresa nbti rﬁms PH, the B
glucoanyl ase activity at pH 5 at -a tenperature of about [err]. o
A.gl ucoahy lopdsimuy hremperaturenior rﬂ%tngq?m of gbei eagymeo Was r71Q?r7c§)r‘b-an| sm
_selected frontthe group con5|st|ng of - CIOStFIdIUﬁ]Sp ATCC No.- 39, 251,

'_:Substrate.SQeciticitx of the Enzzge_t

| The enzyme hydrolyzed maltodextrin and soluble starch.
It also hydrolyzed maltose but the rate of hydrolysis was less .
than half the rate of hydrolysis of maltodextrin. ~The ensyme

| 10 did not . hydrolyze the dextran from L. Mesenteroides which--

i contains principally 1, 6-linkages between the glucose units.

_ The roregoing tests demonstrate that there is provided :
- by this invention a slucoamylase enzyme that hydrolyzes starch
.i_/ L at-pH values between 6.and 7. Furthermore, the. glucoamylase
.'-151'is surficiently thermostahle in this pH range to. permit its
use to hydrolyze starch at a temperature where the reaction rate
‘{8 fast enough to be useful. While the invention has been
described with specific embodiments thereof,_it will be -
'.understood that it is oapable of further modification and

20 -ndaptations or variations as apparent to those skilled in the

. enzyme and starch hydrolysis art.



;_ATCC No._ 39,252, nutant strains thereof, or a n1croorgan|sn1|ncorporathg
sgenetic i nformation fromsaid. Costridiumsp. ATCC No. 39,251, ATCC No. = .
__USZ olwmm thereof that codes for the production of a :

. gl'ycoany ,ﬁEW ~ A process for producing a glucoanyl ase
~enzynme having at ecul ar wei ght of about 75,000 + 3,000 as deterni ned by -
. SDS- pol yacryl am de gel electrophoresrs19haV|ng a half-life of greater "t han -
3 hours at pH 6 and [err], having a nmaxi mum gl Gdcoanyl ase act|V|ty at ‘a.pH -

.. of about 5.0, and- showi ng maxi.num gl ucoamyliase activity at pH5 at a
-tenperature of about 70-75 C, - which éﬁﬁﬂﬂﬁ%es culturing cells of a strain

- of Clostrldlunlthernnanylolytlcun1|n a. nutrlent medi um and t hen |solat|ng

_the gl ucoanyl ase enzy romthe nedlu process for -
_produci nlg a gl ucoanyl’ ‘@W#} A" At rrrned deriyed r%l?nﬁ\ﬁm ch conprises

- sel ecting a memagamnsmﬁamammmmmqmam‘lsm,ogamddu um sp. AT¢C
. L r r [LOOr gani-sm
~incorporating gcg;‘g’r&\%)lc m%%?aﬂi 1 v?élrg%t”'&ﬁ*%(ﬁoumnﬁduoc,,o g

- rmati on Trom sai ostri um ATCC No. .
39, 251, ATCC Mo@gasstefo?rm%tb%t@aﬁm%w&d@%% s&éﬁes -20- for . .

the pFOdUCtI%&@Jtﬁom&C@ﬁryl mmy&rﬁlamﬂnﬂe o greater than-3
‘hours at pH 6 and 70 C having a max1mum glucoamylase
act1v1ty_at a pH of- about 5.0, and show1ng a maximum .
glucoamylase activity at pH'S at a temperature of about ' .~
70-75°C. - | | SR
2. " A glucoamylase enzyme as claimed in claim 1, o .

derived_from ajmicroorganism_selected“from the'group |

' consisting of Clostridium 8p. ATCC No. 39,251,

ATCC No. 39,252, mutant stralns thereof or a _
mlcroorganlsm incorporating genetlc 1nformatlon from
said Clostridium sp. ATCC No. 39, 251, ATCC No.,39 252,

or mutant stralns thereof that codes for the productlon

of a glucoamylase enzyme. .

3. A process for producing a-glucoamylase enzyme

' having a. molecular weight of about 75,000 + 3, 000 as

determined by SDS-polyacrylamlde gel electrophores1s, _
hav1ng a half-life of greater -than 3 hours at pH 6 and \_}
70 c, hav1ng a maximum glucoamylase act1v1ty at a pH of
about 5. 0, and showing maximum glueoamylase act1v1ty at
'pH 5 at a temperature of about 70-75° c, which comprises
culturing cells of a strain of Clostridium

thermoamylolytlcum in a nutrient medium and then

isolating the glucoamylase enzyme from the- medlum.

y, - A process ‘for produclng a glucoamylase enzyme
as claimed in c1a1m 3, whiech comprises selecting a
mlcroorganlsm from the group consisting of Clostrldlum
sp. ATCC No. 39,251, ATCC No. 39,252, mutant strains
thereof,_or a m;croorganism incorporating genetic

information from said Clostridium sp. ATCC No. 39,251,
ATCC No. 39,252 or mutant strains thereof that codes




the glucoanylase enzyme fromthe nedlunt 5. ess-fo P
hydrol'yzi ng mal todextrin to.glucose conprising t IHE mﬂﬂ&lﬁmls sol ut i
of "the waltodextrin with the glucoanylase enzyne pH of 3_5
to.7.0-for a sufficient time to hydrol yze the naltodextrln to gl ucose.

The proé@%s of claim5 wherein the hydr olygios i s- conducted at a tenperature

in-the range of fromo - .- 0 about 45 C to. about 80 C at a pH of

about 4 O0-to about 6.5.
for the productlon of a glucoamylase enzyme, culturlng

- cells of the selected microorganism in a nutrient
~medium and then isolating the glucoamylase enzyme from
the medium. |
5. A process for hydrolyz1ng maltodextrln to
T glucose comprising treatlng an.-aqueous solution of the
o ”maltodextrln with the glucoamylase enzyme of claim 1 at
a pH of 3.5 to 7.0 for .a sufficient tlme to hydrolyze
the maltodextrln to glucose.
%';f - 6. The process of claim 5 wherein the hydrolysis
is conducted at a temperature in the range of from
' ;_ ' about 45°C to about 80 C at a pH of about 4.0 to about
6.5. '




