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by enzymatic 125 and 0.5MaMig$dzaHimN of -1mhe  glucose isonerase
saccharification to a QJ)IE’I@@EA&%O %zéefg?a ly enzyne. = -
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It has also been referred to in the art as dex- nmanner: 45

Stock Solution for Assay. Conponent Amount 0.1 M
[err] 1m .01 M [err] 1nm 1.0 M
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preferably an amount ranging fromabout 0.2 vents suited for the present
I nvention include to about 1.0 nolar, calculated as magnesi um net hanol,
et hanol , propanol, 2-propanol, t- Wile the enzynme concentrates are
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6 surfactants, and/or |ytic enzynme preparations, depending on the salt
enpl oyed. The mag- such as |ysozynme. The use of |lytic enzynmes is nesium
salt shoul d .not be added to the extent preferred fromthe s

| arge-scale that a total "salting out" effect or salt- operations. After
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sol uti on abeumed ukul kthn (ﬁ s ’It il b ead fsft;o;ﬁ%h Yespect
to rragne%r upradticen of AigOpresent ih Iﬂ-bl&h ,wa'% ight, unl
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the sub W%‘ig] lesr lh?rﬁs'aattage, %murAT@G}:el\Jﬁcom?_ dtage/5 and
ATCC No. 2%age he B0 i DEian ﬁ‘é LU rtffébr 16611Z bours

ment i oned |dcvelbbnﬁnt cITh  ubddS 10 agfnutant retn of Do cells
3,788, 9 fneas fermehioy ac e uS NRRLorﬁh@n ﬂmmaatiursat caFomgndi Yions

during '3 e t

infracelulapg t geiees 23935 n@ sfipell d be
such that gﬁiecoﬁdamatm %ﬁgﬁmﬁd&%@ﬁ%% 13NNREIS—35 i s not
i nactivat eeb bﬁe‘nemfa&ahgn, ahdyer a ¢ dis shgtt:’at ent
No. 100,pe ceu‘rg:r?] co dhefcell mm;tmt&—t geferema)d wiare aﬂdéﬂ-to the, é ée Zm _
Streptorryc OQ @fﬁf mce fa efr f‘?“ftleocmmﬁ (@tmpm teagda weieep of the
ATCC No. “Pg Hg‘Hdgf ed fp&r endure can be
in the rangé['helﬂdlsw1n8¢£3ﬂ¢s4s€6e amorefuﬁyo Gith 2 9\1 dlis aﬁoﬁﬁé“ 5’55* O C Lo
about [err] preferably tomyces. oIrvochroanenes Nos. I n.the
range of from 15 C. to about [err],. 21,713, 21,714 and 21,715 as rrentroned
in 105 nmost preferably [err] to [err] : U S. Patent No.

3,813,318; -Streptonyces The substanti al | y wat er sol ubl e magnesi um

venezuel ae ATCC No. 21,113 as nentioned in salt used in the practice of the
invention is U S Patent No. 3,622, 463; Streptomyces preferably one which
is substantially water .glaucescens as nentioned’in British-Patent 45

sol ubl'e at a concentration in the range from. No. 1,410,579; Streptonyces
vi ol aceoni ger as 110 about 0.02 nolar to about 2 nolar at room nentioned
in German OS 2, 417,642; Arthro- tenperature. Typical useful ‘magnesium salts
bacter nov "sp NRRL B-3724, NRRL include nmgnesium chloride, -
magnesi um - B- 3725, NRRL B-3726, NRRL B-3727 brom de, nagnesiumnitrate, .
magnesi um sul fate and NRRL B-3728 as disclosed in U.S. 50 hept ahydr at e,
magnesi um acetate and mag- Patent No. 3, 645,848; Bacillus stearotherno-
115 nesium lactate. Magnesium sulfate hepta- philus ATCC No. 21, 365,

NRRL B- 3680, hydrate and rragnesr um chI ori de are preferred NRRL B—3681 nd
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preferred. (Werever magnesium sulfate is bacillus brevis; Bacillus

coagul ans, NRRL Nos. 55 referred to in this description, it is to the
hept a- 5649-5666, and particularly NRRL No. 120 hydrate forn.
5650—as—menttomed—T 1 Germam 052,400,323 The armount of the substantially
water Actinoplanes m ssouriensis NRRL B-3342. soluble nagne5|untsalt '
enpl oyed in the pro- Actinoplanes philippinests ATOC No. 12,427, cess of*

t he pr, nt invention should be at |east Actinoplanes armeniacus ATCC No. 5,
15, 67 - enough to provide the Iiquid containing the and Abtlnoplanes '
sp - ATCC 23, 342 as men- - 125 aqueous slurry of the water i sci bl & organic °
tioned ing U S Pat ent No. '3, 834, 988;1,586972- sol vent and the cell-fre ot
glucose SO a ! - - t f
about 0.02 nolar with respect tlong@ uU. S Pat ent .No. 3,813,320; and to
magnesi um i on. The upper |HﬂkﬂaﬁDank@ﬂﬂ&h&hmﬁnﬂéﬁﬁla asteroi des. ATCC.  No.
21,943, 65 concentration of the magnesiumsalt wll vary . Noca%iﬂ? .

dassonvi | | ePeysip@entNo. 21, 944 .130 7. " Operating

1,527,972 Stage divim - - Weights %y righono¥pEra coerul a
ATCC No. 21,949 desglh D&ed m gﬁ @' making.and pbg the N crobispora -
rosea ATCC mre:ﬁim and cJ u(S’ve es%:rl bed |nvent| o? gs | "as t-o set :

50 M croel Il simsp‘msmflsaanCM@ﬁuﬁ\lsnthl 947 as 1l6orth 1.be. bes,t. nodes .
contenpl ated for carr nentioned in U S Patent No. 3,829,362, and ing.
out various aspects o‘%a@ﬁsé“"? EEETHR 1t Burt ob%tt eri Yreas nentioned in
Japanese Sho is to bgmugg,eﬁgbg@%&abiﬁg,y&&eﬁge exarrpl €Sg: 7m0 50/ 132176 _
(1975). gEape to limt the true” scope of this
in- The nost preferred gl ucose |sorrerase vention, but rather, are :
presented fépd§t $p#!°ustr§°m sBep hvey Gede BROAf ul as Bfarti ntjlat eP{i#rs in the
tive purposgé"' fly. I |¥\AE onQ% rungoer§tood t hat, ractl%gof the pr esent
i nvention arFe Rgse aﬁ propo thons are in par s by weight;” Unless 10 .
derived from treptonyggass,m wyRehragenes - otqies Wi se4.5gndi gat, ed. - ducose

i sonerase ATCC No. 21,713, ATCC No. 21,714 and -activi ty was det erni ned by
the procedure des- AT&xtifeas, HODAG 2600 (gﬁl}ﬁ%’%}ﬂ er of whl€mlis=a» cribed -
her ei nabove under the heading " Assa singl e col ony isolate of ATCC NO.
21,713)  of 3}dsgpﬁgr asecégggegﬂ t,y,m ande Egerred tneas nmesd ) ad-ghionU. S. Patent
No. 3,813, 3if8-@anéh |G U as defined hereinabove. 15 U.S. Patent No.

3,957, 587, perdlinctshidr $tyrcintfeade f06par ed by the ptbcess H¥kks:ibee and cl ai ned

Exarrple 1. in US. Patent. No. a : Preparatlon of
Intracel lular @ ucos aEpfiY ?ﬂlé éPT Wlar gl ucos® i so?rseését1 ‘e &nZyne

| soner ase. Antifoam, HODAG 2000 (Polyfibpyicsie pr-ef er abi y1.pr od,uc,ed by gr ow ng
a glucose The int racel | ul ar gl ucose.Gweoaber ase enzyrre 20 .isonerase _

produci ng ‘mi croor gani sm such as ration

stabilized ¢ ‘§P ai nSeTh&teen H%b\?@d%éﬁ?l oned |#§ sdtgt g{ﬁg%@ﬁazl@'r‘re -
concentrateg BdUFSQmLJ’CBMooﬁ 4) cul ture nggium ghm3 g Syi t gbl e carbon
source |nocu um devel opnent stages starting with 1- and ot her appropriate-
nutri‘ents and al | ow ngagnbsitnesulBivake,d | asks and0-Peadi ny4dipket @ 1600- 70 the
enzynme to be for rred al on (3,785 |iters) seed tanks
and cul m na- Fof‘“téf%"éhﬁPBAGéﬂo"(ﬁ é’a ﬁﬁlrﬁ cont ai nFi‘g‘f‘a ting in the
final 20, 006-g-a-|—|—e1+—6—?5—-—7‘98— 2 rg—strain is

prepared, f rIen ors. C sswe deyel op rrent st ag on-. an agar
sl ant and |1t1mB|“ “{‘& %f@gﬁﬁ q e gt ’&‘Eﬁxﬁc Here s
i nocul a- a v&wst.a eet&utalw@d dﬂmunnEhe 14 6(19149&& S ot coﬁ hwe vol ume -
of seed ®equid fetnpEnBimnsf the 75 is all omﬂmggamé %wd;ﬁggm‘mh?a :
intracellul a oi une mm he |no yl At edstere pr putes S| | ycose =
o ase i, et o SRR L i g oy e

devel opnentgraeﬁﬁ,oqtssrr&wodaw aw@tme,am Cinbcalif ok ep@aa gﬂlgaddm&ﬂ etbﬁ’- operating
procedur es tatched pvleri4,000 o1 (t521%96 mrt)l cpﬁme wf ehreofe s maecmd Tabl e
| . The ﬁ%dl‘éct ?“ d‘Fak mmﬂtfevab “ﬂé efgrably
it is be- a°"t g aatB L %74 and 48
hour s. An aisu qmatbran vtameaeatprroe to tugﬁsr-l Nample: sa ﬂ ﬂlg fElﬂM &mﬁn&ere/me.AS hours
for 35  culment & drivetdifethe um digxidermghiah| aetveryaz Smurt i @nalyzéd fort dsgmefaber St St age,__

oo R B e L L S e Mﬁﬁwgﬁ"'ﬁ e
t

the final" tawwetmmlﬁmfd:bo Siimag@€ar 1007 €.heoff mm&hse&hzwehad: rpent.
stages is u¥wud twilizafioc thatepaaturé rgnthe  siowrenrhtivh.cpH est @mrtollet wdi didabt a i cr o-
85 suitable nediumin a fernentor. - _ organism identified as
Streptonyces ol ivo- : - o

;,U
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40 The broth containing the intracellular chronogenes ATCC No.
21,715 (a single glucose isonerase enzyne can be recovered colony isolate
of ATCC No. 21,713, as dis- and concentrated by any suitable neans such
closed in U S Patent No. 3,813,318, the dis- as by centrifugation and/or
filtration. The closure of which is incorporated herein by 90 cell paste
conprising the cells containing intra- .reference) were added to-the
culture media. 45  cellular glucose isonerase is then in a suitable

four .inocul um devel.opnent stages were formto be processed in accorda

with the conducted at a tenperature of [err] and process of the present’
i nvention._9 at _a pHof 7.0 (adp@%9%d prior to steriliza- The g o
fol | owi NT" exa@plbiisw SALYS by adifhiafe oH ilaual T Q0 M L Q0 N sody um Nydr oxi deg) .-
95 8 ° . additions of ammoniasg"a)s throﬁghctl?c fermen- gﬁﬁaol:?:ﬁﬁ‘z}tfi gmﬁmgi? t"?%cu".sum

Devel opfrent _mﬁqiqgggmm stenliz@indondi-  U.S. Patent No. 3,770,589, and 3,813,318 are

Operating St 32 medium makeup and PRETHPE  presented in detail in Table Il W\&i ght , * %
Wi ght -~ VoFune 1st Stage “Corn steep |liquor, Code E801 ' 3.6
7.2 g. 200 m. (Three 1-liter Shake ﬁ‘&sﬁ( By 15 D.E. Corn syrup solids
1.0 2.0 g.- v MedMROMASIul oS53 dodtsSiten BEL, : 0.05
0.7 g T anti 1 oam MRS s bl 6‘{°§pr%‘-’5‘y|e§"r‘fé‘l°'¢s i 0.07 ni:
.,.,, Aycol) 2nd Stage Make-@oVatunst-cER00Digainat (64362 Gte301 3.6

271 g. O-1i -e[ﬁum:ﬂ-t_l itt er Bench 15 D.E. Corn Syrup solids

2.0 18070, " omemS  Fenent or) Naﬁ%gesi umWsight. % e [Nershy, ke

0.05 4. Fobh steep liquor, GodéVERYF 0AM AG 2000, g PoT'ypro [ ol

1.3 nm. - ,, ,, Qycol). 'érod St age Corn st ee?)'é-l i quor, pzyc_%]g're)‘SESM

3.6 - 5, SprehgCode30Qfal | on (50-gal l'on I noculus t ank) Steseh; Code 3005
2.0 . 3.04_kq. ., Magnesi um.sul fate . [err] - ' 0.05 ~
75.75 9., ?’,."“K%f'i?&aﬁ‘{"lH@AG 2000 (Pol ypropylne - 13018 51 ., |
,, G ycol) 4t kxyfkage Corn steep |iquor, Cogg E801 §49.99 . 3 0

108. 86 kg. 800-gallon (1000-gallon Seed tank) Dextrose, &ode 2001

2.0 60. 38Wyeipe Magnesi um sulfate . [err] 0.1 . 60.365 1. 497
kg. s, ,, Anti,foa h‘ﬁD G 2000 (Pol ypropyl ene - _ 1-liter v
d ycol) Duri ngdn I{e};'m%‘elcr(g‘iraléd, third and fourth indtb- medi unt®dd8 reduced to

[err]. The sugagrzsium B8lfdidim devel opnent. st ages, gde flasks apdetanks xyl ose

and dextrose, were batched up in 400 were subjected to aeration and

agi tati on dur PAtfoaryJODAR20001 (PelydropileceGlycodf condensat e20i8a-240 1Gers t he

ferrre_ht ationsgy e icarbona o 1000-gal1on seed tank. The sugar

SOl Ut i 0N WaS EAdaEd drlef BXbtirlizadih FudilhiGh @balegpl and after The final
own,

fernmentati ons were conducted in cool- e sugar sol ution was
00

transferred Figl Pgu@0018MD lzaltoné €48t dikeds) The nmedium in- to the 20,0
gal l-on fermanbors_ uslj ng an.gredients, |ess xylose and dextrose, were
PG o

r¢53ddi%i on, the tem batched up in 14,000 gall ons
of -

i nocul um hose.
(52,996 liters)
condersat @ AfNce robain kwes

perature of the fermentor was stabilized at 10 -

e wesuglded Bi@ingREY stigeVRRS cydld) &Yt SludrinfOraYel Wi aQiealssy I ks @and
then the fer -;herf Rigiop gr diyigttbe fnequiin deanchne W@Hustag:hnto;mmo:biﬁpm -a%sed-
uth the seol S, doiasatdh ibed NOTRNRSSE, St sprans soda
Begi nni ng  atecodered) frbth Sherdtk had fbgcldrﬁ%}ﬂp'nfh t disch: d ﬁ?ﬁm%éwﬁ%%fﬁg prior
to adjustl’ W@mf(%ﬂé liteas) rportiom bf the OtaR25VRdlIen fodkidDBtiom tank with 20 gallons 40

- 20

25

; was taken for use in the preparation of
the stabilized glucose isomerase enzyme con-
centrate. Another portion of the broth was
recovered in the form of whole cells using
Mg(OH),, Sil-Flo (Registered Trade Mark)
332 filter . aid and 2-propanol. The latter
recovered whole' cells were then used to-

‘enzymatically convert glucose to fructose in a

batch convertor.

(b) Preparation of stabilized glucose isomerase

_ _ enZyme concentrate, .- .

A 2,340 gallon (8.857.9 liters) portion. of
the intracellular  glucose isomerase enzyme
broth from the 20,000 gallon fermentor as pre-
pared above having 19.5 IGIU/ml for a total
of 173 X 10° IGIU) was processed through
a DeLaval BRPX—207 solids ejecting centri-
fuge. The machine was supplied at a rate of

. 5 gallons per minute with a 2-minute shoot

of water.- When 650—700 pounds (294.8—
317.5 kg) .of cell paste were collected, the
cell paste was treated with 8 grams of a lyso-
zyme enzyme preparation (a 2X crystailine
freeze-dried powder prepared by Miles-Seravac
derived from egg. whites having an activity of
23,300-units per milligram of material) to com-
mence digestion of the cell walls releasing the
intracellular glucose isomerase enzyme in a
soluble form. - A solution "of . 2-propanol
(85%, by volume) and water was added to the

cell paste on a 5.6 gallons (21.2 liters) of .

solution per 100 pounds (45.36 kg) paste basis.
An additional 11 gallons (41.6431')it£rs) ‘of the
2-propanol-water solution was added to the
mixture to bring the alcohol content of the
liquid to 30% by volume. The paste-2-pro-
panol-water mixture was then pumped to a

-1000-gallon (3,785.4 liter) digestion tank, and

digestion was allowed to continue for 24 hours.

45
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ment to drive off the carbon dioxide which every 2 hours and anal yzed for

| sonerase 15 evolved upon addition of the soda ash. After activity, cel
wei ght, reduci ng sugars and total the pH of the nedium was adjusted, the
anti- carbohydrates. The fernentation was con- 35 foam was added and the
fermentor and con- sidered to be conplete when the production tents were
steriligfd for 30 minutes at [err]. of isonerase enzyne had peaked. Dufing

the Affen sterilization the tenperature of the fermentation, pH was
d,so it did not 9 S . _ h1,527“972

contr )
parameters for the

9 fal efow 5.4-5.6 by automatic oqr_manual .
‘ferrrent-ég-a-on—l-n—t-.h-e 20000 5 i : :A@ f.er men-
gal | on femwramlwh,em@mnhaem a@acrl bed in t queaerusparge_l.i nes ‘wdder
pre-steri|tinkexds beddhahi aboutU9SF'il2&t(@6‘itCNo “BndlyEi oBS@bxhzadld;hiéquIsBm&isS are tiohns.
"“The medi u%}é&ﬂé““&fﬁ dftm’é"@ “Fen present@HY‘P‘h PERnEptE: - iniTable 1.
TABLE 1§ Ng i-ibETﬂWﬁ-o I‘—‘ﬁ{ It on Fer rentors -Mike- ﬂ;l{%hﬁ%l ume - N
17, 000 galvbmgs at(l t |tgetrﬂéléia a&dﬁahdﬂm ﬁ?ﬁﬁrﬁﬂl&&m L B

’ i 0/as rioonucies T1 CIeIC S.

Wabght, /O(DNA) ge%a&hglek@ itGoucheic s{udep Iﬁmgmgﬂy?ode E801 11,261

proteina ‘Eé?z a.ﬁ) 'mg, ‘Protein 151
. 10 rouary v:ﬁmﬁ%ﬁg Jz&%a%d stan’ce, % 22.2.
200 pounds (¥8.9 ki B oD Picalisec4200 ﬁlter Moxsture,-Karl:-‘F;schei-, % - 63.8
aid. When thﬁpt@:o@@wa@le ished, 2-pro- Protein, Kjeldahl, %, d.b. 74.7

anol dd Oxide, % db. . - -~ ‘114
grm; tl';?:lcz i FFﬁ‘BWf&J a%sélflee t:;se //o db. - 1;:
15- by volume to e mé/m L T 1.
5 insoluble form. lﬁﬁmsﬁr&ateﬁoﬁr’ﬁrevhm:) 2Dfblar( Pol ypropyl ene Gﬁ.m:ol)
;20 82- 22. Folubjlizgtion of Bediucleiv BiidsarNowash e glﬁdtiuete: ratior to sterili@edsion to
adj ust pHY igoaﬁ wt;‘tgrqgk oﬁ‘ﬁ;ﬁ’i‘élﬁ“&kﬁ“ﬁﬁ’é II"SP“EJ?;O Y diffrrense (68 13#4 liters)
fOperatmqgt é;e ok slu:yaf@m - No cobalt gdded ‘during any stage
of cycl edtio oﬁpleke@mhmpaswlm i adg&ekall matche?aSoftehﬂaJemﬂﬁEeﬁ@Eel on or ,
during thenglm  b¢d( o thd @recoaufiler wa pumptd | us:tneigsel epzynie Gleriad dromoftiepromyres, t he
vel oprrent he filter to keep the loss of the” oliv s ARG No- 2815 wemg- re-pa
Dicali gistered ared in deve ént stage §§
CONPI i 2§ Nerade &lﬁ:’&w Haaan o) Ty Bt B At ey (917, 6
kg) havi n@ltfh%dn o fikea. recovered fle€rramd #Da-lfm&t-d%nh&doﬂs&dﬁevk t he
shoot dis E&ﬂ_ ﬁm bo#aéhurnreryvmsoqsutmmhm alﬂ)ﬂo-liteﬂfemwga!lrlthrﬁn%%? 9 -
l
5
ar

liters) p n ﬁppl_w,u &ﬁf I;tﬁe &El-tgxﬁ ;%%@hes ]gon{x&ng vﬁﬁﬁgig: 7 geh‘g al l—;’g

‘br ot h 3gas gt
‘pounds (294. magneshinpdnifdee ogl'ﬂc,o$e tblﬁplfmii'ﬁﬁﬂnel‘zm 20T 1o récdrd. 5 kg) of

o

NOooroNA
oONRFRONU

cel |- past and: i} 8%'&@86(692141%) o At% atfartheny porth  od_pessiblehectibr ot h was ._
oo pon BT e s S %&‘gf*v e o -

whol e- 35el |c§mif§ge'3 zJ@n faqr ﬁefé, hEsEYe'ﬁ rr]j
Sil-Flo (Be)gmsdtewﬂda Imdesh&f eeezm-l eqo:rnﬁ

M | es- Ser év&@mfuasonwzcompleﬁéﬁh%houﬂmd 9a 1 d;gesrhe taln’afor etﬂl dlxsterl ved from
%
CZ

ﬁ%& d

€gg_whi te / &oﬁs SE res uec&gé atlon uggd to-
23, 30049ni tpﬁsﬁgeih{{%a iliZed @O bonbBRirA I)c 5‘?

'gl ucose t anaining dit 1he bowil mdahooﬁngrma:bdn stMrm-vaat Hermceg vhgzlaaa3| ng the
bat ch cony&# Tt off and the bow! and Chamber were ac;“"ty )‘?f n#3340 e‘lﬂitullpavr MS@ i soner ase
enzyne i N d{;ﬁ% gr Sﬁfﬁggﬁoﬁem gfu Ezgg fomer s solub b) :
Preparst i gam msaha 8 gl e O She. WsBoNE bt &ﬁ er vas
added to tpivducenThenproden s iagiarted. with a  batches was 6.8 units pﬁehllhgﬂﬂsifecemn a. 5 6 .

: tf?ﬁ*”"*ms?m LR

i SOMersgse EnYdvera Qe seaBINEH gl&osgalfér oth from
t he 20; 00(@o ahSh@nzyﬁlenmtrm (Mhm(e-l Zro smmectm!)%smlcdﬁryant}was added to
t he 553aSI 'gteé» |cljs 'al{cbb sthm'adtsheeto bri ng
the al cohd! "2‘& [é’ﬁj‘fj’ a . o%gh
1i qui db5t O repFbSmeddy 6360 ke 2 -aD it -whale vl
ej.ecting osmnrm the whalavell bmiamgd asﬁes’tagr e amltbldemelpmapé‘dlobv?g &leﬁdl;lj;ﬁm The

e GO, e, el ~
nmachi ne V\%bwgnzﬁgp ca%engaetfﬁ@?,ﬁ? ed 13‘ Oegdgto a 1eve(aszom1;ﬁm? q:fni%q )w/qg | gestion

tank andTable mo ) - by weight. The initial addition of Z-propanol 100



5 gallons per mnute with a 2-m nute shoot digestion was allowed to
continue for 24 hours. 60 10

1,527,972 10 The tenperature of the
I|qU|d in_the digestion . TABLE I11. tank was held at about [err]
(26 C). & Anal ysis of Stabilized ducose |Isonerase After 24-hours of

di gestion, the m xture was - Enzyme Concentrate. nodified by the
addi tion sof 85% 2-propanol 5. to bring the 2-propanol content tag$H2% by
Batch No. vol une at *which point the nucleic acids such |sonerase i*v'.it.y,
as ribonucleic acid and deoxyri bonucl.ei ¢ acid = 1A Ug, d.s. _
11, 261 @JA’L&{_@_S_LLbQT antialiy insol udhb®78Rd the- .Specific- Act i vityiqy

Pr ot ei naceouswartﬂwlﬂaedrmtmé badls of $heSQN YRE - 12 GLb
15.1, 10 rot a'/bg‘wa@u&m resoaﬂes,fddt@a%%ms}fprl%%& eggd“fj ;%g

fa
22.2 200 pourft} A F"hﬁh Eeuowine tHhZO&toflnﬂgtrGTocthlﬁﬁbbE ered °§jq§{‘sc
% 63.8_gf N hol e phes fustsion sm D@agm BRPXP201 @i,

Kj el dahl ,- % veks badjusted &Ava vH ed “gg)“ 'ég! (;’a#% hegenrio  Ash
as Oxi de, % dodinm PhOSPhate (to loweitlhe4phr i Tig: t fl\ ttGﬁ) batch and

appr oxi mat el tapovegenei wes add%m b. In one batch5(B3tcﬂ-50 D Yyl 0

agai n keepo t h& w)fl‘éﬁ%‘o &gg‘lg % qqqle contmuously, using the supp l tanib. 8
eld"

i nsol ubl e f oimwatérefor AMBE TH ﬁ@k actor (CSTR)
etere igiggg"nw%t '«0

0. 24 sol ubi | i ﬁmﬁamofm Q‘-m»CSO

0.035 was us g‘fﬁ@ PR éf?leluk:atuonqul mmugmmhg tee.
differencs %n A=Yl é‘ '%%m meolﬂf‘mﬁf’fx aplerlﬁ%aéymut-vasz{muste&lmugh t he
filter after atalysis gfasinble Hisddd dapp] dtar%z,{,on dﬂuuon by Fae so to tcpl@m:nmgor

conpl et ed. Tlﬂlfeth meﬂmltuﬁrmywhxdrme tell solids SR AR 85 ofOlic oﬂ’f‘tﬁ@i‘%‘) ul ar

gl ucose ing t ghfé’n r ecoat f| |Cimtldmaﬂlemiﬂ]aﬁdanﬁé @, enzyme
deri ved fapomy tcs °§n petm %@f’& mesf |tf°!l using al@e\!pomhﬁerlmsl Oinolatt he

ol i \fochronogwasesacm ad Gdred o &fiﬁé(‘(‘;‘ ;é]%m yq?oa Bitcal i t e

]
r‘g—%-@

(Regi st ered #®b efellerlalrcesciémelcdplmmtbrst»agesmrp e @5355% L7 ade
Mark) 4200 %&f{;’h asetusinaapmoar c;haplnegln P @Ebe oﬂ.ﬁﬁa sOhtloR\D
7.5-1iters 4Q,Dthf A0 T g fathe “faf aﬂd a le'vel was buik ep ik
400-1iter fewmentedmus ntiitedkam RiMfed Qj? T

B

Nut sche filt ase‘&; o“‘@ﬂY bt the s maixpen ,pdtgé @n, ach
of 1000- gal |ﬁ5buﬁt?3,ﬁa -1 r{:ﬁgrge" é‘hk .lf"ﬁF Wﬁélenttqﬂge Mtt@hgmpp]@mlm ni ng
whol e cells mﬁdelthttvmni ﬂ;rbboat fil dlges pl@(lys?fhaﬁ? i%‘%ﬁ?r o @‘ds@dlf’

gal | ons of od dssismbe,asea qiblz PiTe tahRSTHe B6W ﬁ g ial g S| um
sulfate [ergidm Eﬂ ﬁﬁj’%ﬁ' ‘#P%n‘P"'@r ¢ té nginuds. (The rpeztnar o&o&,agucgﬂ, an

gal'l ons @89. ﬂ)oﬁ-gdlla{ @ Icﬁ use ¢ @mywd@mamwouhm@mme ceI I

by vol une 2- tgin?paen c:pi‘eﬁoasa 'Fhe pess ‘%Jg% a ches of broth
wer e then cen In tf‘tH‘F é’f |th€eﬂtetlpta&orD6ﬂﬁ‘{c’§1Lec i&ﬁ e,gs

concentrat e afc wi sel wluaplt nk f°f75re8§ved foantiei &itfge oat:heaceh@ﬁf eOf 16 6
gal l ons 462.v lbatcﬂéds to RAGHE “tﬂﬂ "'bélwatzasd @omtgired ooith| meed pe

mnute with {MtMIE-galtmwlmﬁejdo&ms enth'el ;zeo %&Iﬁ%‘m weshghed and

t hen punped gk &4 sobyrionya s d | @hest %0
gal I on di geg P&%‘% : ifogﬂloqégzsspu‘%‘% torefdlave° COnsecul{tPolg?e - S)gcond
™

gg meot ary
precoat n?aﬂi‘flézmﬁé’o m&mmh&m $fez-p@Nt Qﬁd o} fﬁ%éﬂmf, Ef tt;g

addi ti on4s tttop:lZ-piBﬁmbhenﬁﬁ theSovtrEallidvall € o f?ﬂ'é?slmaprofrthﬂg wat er
and ,shoot s. of hgropengl i gbouc d2%, byagigha Dupn S50% lﬁgﬂ] lﬁ?{ga ion (2X
80 40  pri ?mﬁ%ﬁ%ﬁg* | sphutjong wem 2gitated C omalgsivtof @lieGtabifized cf
freeze-dried. powder prephi@ B?P‘Rwﬁlff‘ﬁ"hg in the bow and shooting chards)er
was.. M| es- Seravac from egg whites having an scrapped of f and the bow
and' chanber were activity of 23,300 units per mlligram of washed with
some of the light phase discharge material) to digest the céll wal I s and
rel ease fromthe centrlfuge Both the residue and wash the intracellular
gl ucose isonerase in a soluble : 85 45 went into the stabilized enzyne
concentrate form The. Iysozyrre dosage for each of the product. The product
was agitated with a ‘batches was 6.8 units per mlligramof cCell,

| aboratory mxer and put into 1-gallon plastic d.s. The total ceII wei ght.
on a dry substance containers for evaluation and further use -to basis
present in the cell paste was cal cul ated enzymatically convert glucose to
fructose. wusing the final dry cell weight of the whole 90 50 The
overall yield of the stabilized glucose fermentor broth and the fernentor
broth _
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of 0.05 gallon (0.189 liter) per gallon (3.785
liter) of clarified |ysate and a vol une of azeo-
tropi c 2-propanol

[err].

provi de summary of the 45
enzynme recovery efficiencices across the process of 2-propanol
steps. Table V.specifically provides a conplete

| evel
about v 429%:
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bottl ed and stored at
Tables 1V and V
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Bat ch e T 9 10—} sorpase—Actiity
8,012.5 9,089.3 9,532.1 6,680.6 TABIE ¥63.6 I1G U/ g., d.s. Specific
ActiVity - Andi@siBof Stabilizkd < 14, 7. 13.6 . - - 15.0

|G Uy protein Dry Substance. % oo .IS(’"-HF%-"S-e EWBP“‘?‘“"?& 0o - 218
21. 4 ~24. 7 Moisture, Karl Fischer, % .. B&snRos. =~ 60.9 - 59. 4
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8.1 2.10 Final Veight of stabilized® 18578 2144 0347 16,453
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%allo_n fermentor for the final growth stage.
pon completion . of the fermentation, the
broth in the 20,000 gallon fermentor was cooled
to about 20° C. It was: held without aeration
‘and agitated for short periods of time: prior
to concentration of the cell solids. The final
broth (16,000 gallons or 60,565.6 liters) had
an’ activity- of 21.0 IGIU/gram of. broth, a

- peak dry cell yield of 16.5 g/liter and a total
- activity of 1,270.7 x 10* IGIU. = -

. The whole broth containing the intracellular

* .. Blucose isomerase was concentrated by centri-

. -fuging in a DeLavat BRPX—207 centrifuge

- 25

't0 -concentrate the cell solids -at an. on-stream

- supply rate of approximately 5.0 gallons: per.

minute having a bowl shoot time of 1.75

Lo _-minutes._ The light phase overflow was periodic-

Lo

Bf S) 6.
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amounted to 2,500 gallons (9,463.5 liters)
weighing 20,709 pounds (93934 kg.) having

“a totdl dry substance of 2,431 pounds (1,102.6

kg.). The cell’ paste was assayed- as having
289 pounds (131.09 kg.) of ash 1,433 pounds
; 18,278 pounds'
(8,290.76 kg.) of water, a unit activity of 132
IGIU/g and a total activity, of 1,240.0 X 10°
IGIU (98%, of the total), - '

*When the volume of_the'-cell'pasté'.in a

digestor reached 200 gallons (757 liters),
200—230 gallons (757-~870.6 liters) ~of
91.5%,- 2-propanol were added to the shurry
until the digestor tank was filled. After ‘every
addition of alcohol, the pH of the resultant
slurty in the respective digestor tank was
checked - and adjusted down to.7.0—7.2, if

. required with anhydrous monosodium phos-

l.e 1(a) -using -

357\goon cgnpl etion of.
2,431 pounds (1, 102.
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gl ucose i sonerase was concentrated by centri- 91.5% 2-propanol were added
to the slurry fuging in a DeLaval BRPX-207 centrifuge wuntil the digestor
tank was filled. After every to concentrate the cell solids at an on-stream
resultant supply rate of approximtely
5.0 gall ons per sIurry in the respective digestor tank was 25 mRute-s
having a bow shoot tine of 1.75 checked and adjusted down to 7. 077.2,=if
S The |ight phase overflom/mas periodic- required with anhydrous
phos- - "14: 1,527,972
ate.' Following the initial addition of the and havi ng a total dry*
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2- propanol for re- use The stabilized 45 filter which was precoat ed with
Dicalite Speed- enzyne concentrate was collected in 20-gallon 110




flow (fromGefco Inc.) filter aid to a thick- stainless pails and then
conbined in a 100- ness of 2.25 to 2.5 inches. Atotal of 600 gallon
agitated vessel. The stabilized enzyne pounds (272.16 kg.) filter aid was
used for concentrate was nmud-like in consistency and the clarification of
t he Iysate slurry. The pre- mediumbrown in color. Distilled water was 50
coat “sl urry was made up in a 50% 2-propanol added to the stabilized-e zyne
concentrate 115 solution at 5% concentrati-on. To conserve the
internmttently to resolubilize the enzyme as precoate makeup sol uti I the
precoat heel was required (resolubilization was determ ned dropped back
to. the pralsoat nakeup tank once Vi su#bizngyz Wien the distilled water 1yas

added t pr di-at el anu e stabrtTzed
enzynme concegtt.&g {mws( f.,;fé mIE ﬁ o‘%gtgé: 'Ey c A ‘gﬂd W‘M‘geé@ed
sol Vied and th@vmobfom,mmlwg-m ﬂr?|sﬂisiaﬁbe| Viek bEAE 1os @,ﬂéd

brought into 0@1 activify: 0fcﬁ92$e>e ml‘acdonand it had a consi stency to t hat
filtrati onvr'éélg‘g:f %e %.% £ 7?&.?’ a%r‘fle@d Va¥ . pravifié @ fummsiry pf f rom
2. 6 gal | on/ hgell-4réth fy Jn tﬁ[ ref& r\yIrI lca?N es ; a

(i n"resol ubi Hezetibrini bihiones (236260 obcfryC Okblec Hfiyea! of20 .}Leﬁr‘?ln orn)
enzyne concefitPelyeteichficatiopstenQF this arﬁ®n60 colgencrafeer 1] . Fol | owi ng %ration,
the clarified gallons (276.3 liters) weighing 634 pounds 125 f| l[trate
was punped in 1000- gal | on stor age. (ZEWLEENIkg ) and having a dry substance

of tanks. The cake cgfti.ngs, n¢the filter were 169 pounds (76,66 kg.).
The stabilized enzynme assaye ay e 3“8ﬂt“8‘:i|‘ﬁ°§°vafmﬁ"a'weeé%@ull) The total

concentrate was assayed as havi ng: ¥@poupgsabysgt £ ;ba me of 4,638
gal | ons (17, 556. ftep ¢iEProekg. ) ash, Welﬂtélt@oundslc(tj'y i F“?‘G%i?‘é"g"’65 liters)

wei ghting 35, 716 3] te+f—164 p"“nﬂe {(ALll Kg. )
2- propanol _and Wiple f"msﬁ) A 45479 21.0 1,210.7 x 10° - 1, 527, 972

15 360 pounds (1@el; Psik@. ) of wat glzg Lhe _ ghly ha#% (gut 11.8% could
be accoun- 10 stabilized enzyne concentrate ad a un f for in the

filter cake cuttfmdmslysdle remain-17ge8.j2vity ofss.b1, 6541143 4% ggeam - dry
substance der éh”%hea | osses were attributed to inactiva- bage s.- and a total
activity of 892. ted TSPt ¢ on. MPEPLP? (Wwhi CH4PepreseﬁT%7 %10%0%% recovery
Tabl es' VI _and VIitabplizs¢ Edeyma - sunmar. 28058 yi eliksefPt-he t @9 x agtevi ty present
in the. whol e th@newtryhe recovery efficiencies across the pro- 15-cell
broth used as tRAg STartI Mg MEreErTar—wth—cess—steps—TFabte—\4+ '
specifically pro(\7| Rifesents NudiBb@inkd Yy @fferleRSIE T &Riatt?d OCCUrring

conpl ete anal ysig of the stabilized enzyne at the lysate clarification
step. OF this armu e is op A dmifebsinge basiBLE VISt abi | i zed Enzyne Concentrate
Recovery Anal ysi® fd@ataedivid b b Qidlsica lyvatmaéﬁaffnwby Sinating B} 8 ACLi Vily,

Step of ‘Process weight of c13éfiedWsatekegld measuringl thd idbBkrase activity therein. G U Wole
Fernmentor Broth - OWBBpsif4heSctual total weightlisGhigher than amoint 2¢fkmafeds [ €rr] - Cel |

Paste (a : smcegh equm of stabxhzcdegg;zte@oncentrate redov@rt@ was morferr] Crude

Lysate | thap st %9‘8“‘7'2“"“ for the clarfjeddysate. '1,178.9 x [err] Carified
Lysat e : 16,.200. 51 54.0 875 7 x [err] (c Stabilized
Enzyme - 287.58 11,654 WABLE VIL.' 892.8 x [err] (c Concentrate

(a Represents val ues obtain rence or_are estimtes. (b Value is
on a dry substance basis. gﬂa'];Q%/a g“’g‘et‘i?jg% S‘Zm flsomEBse | ari fi ed lysate was
determ ned by estimating the wei ght-"of "clari tqgl.tcmqsate and.measuring the
i sorrerase activity-therei Oow usly; the actusl—336tal wei ght is higher
t han armount estinmated, sin E‘g g¥Bunt of stabb®#zed enzyne. concentrate
recovered was nore than t A@M? ned for the gkarified |lysate. TABLE

VI Analysis of Stabiliz T/ g OBeteins ONET ase Enzyne Concent rate Bat ch No.
11- 336 ' Dry Substance, %, - - 26.6

Moisture, Karl Fischer, %, . . .56.9
Protein, Kjeldahl, Yosdbo 750
Ash Oxide, % d.b. o © 113 -
Insoluble d.s., % db . : 053
Mgtt; mg/ml o 599
Mgt molar - ': T A
.Mg** /protein ratio : 0.032
2-Propanol, %, : 16.5
(By Difference) '

Final Weight of Enzyme . - 287.58
Recovered kg,ds ame. L



| somer ase Activity 11,654 1A U g, d.s. Specific Activity,

155 13U ng., Protein Dry Substance, % 26. 6 Mbisture,

Karl Fi scher, "% 56.9 Protein, Kjeldahl, % d.b. 75.0 Ash

(@ e I N o P o I3 Thsoluble d.s., % d.b. T
0.53 [err] mg/ m - 5.99 [err], nolar .
0.25 : /proter nratio 0. 032 2- Propanol % s =
16.5 (B fference) Final V\ér ght of Enzyme 287. 58 Recovered

kg., 16 ' : 1,527,972 Exanple. 4.

tenperatures. The sarrpl es were stored at [err] Several sanples

of the necovered stabilized C, 1L,®om2] and.[err] and anal yzed glrucose

i'somer ase”enzyne congentrates form 1or [Ucose T Soferase activiTy e
intervals ofs&ﬁ@mpeng’%é?eme&tml & s q%irﬂﬁé?ﬁ%‘ andoanaipial 12 month
peri ods. Tileod Olbdmaibsenehzymel Ebndntraded Myt g foacglucbst tispmishase acrﬁrubjaeﬁ:teerdtsto@ tests to

stabl e gunPmmpleet—3 lsed pbe smilsr egmpichiols 41 Bdand dt menth periotsdihe followdsi | {0y on

st or age Satv‘:g&n{f ?fFI qf'{ pruljgcred tp (ot gable figet thy resplts pf s studyabisid | zed
Enzynme Conc(]:en P “é’ il o ?ﬁiﬁ%r %4l “ | sonerase Acti vi ty (d .Tenperature :°
Initial (a . [err]. o -f;am}jvm [err] = [err] Actrvrty
Mont hs. ' Mont hs Months  Nbnths Batch  +GQ U g, -No.

d.s. : _‘Bemperature Stabjlity Study Of §3abilizpg Enzgyme Cgncentiajes 4 8 12 1

10, 162- 101 101 105 le .

10, 289. 8 100 102 105 R °““?§L9Q§%Is?‘8° e 910 0%
3,910.7 [err] 94 100 101 - 80" 8_1"_"“9?5““’80 80 39 28 6 4
2,441, 47[err] 100mitial®5 102 4088 89  #@®B4 8Q¢c 61 1370cO0 - 5 .
5,823.7 96 - Aedity 107  Monttk 91 -SontiB0 3nth8 - MonthsO 6 '
7,960.9 - Bigs - MWs 10S 99—106—9+—98-—97—44 —S5——0 7
9,228.57  No.g5 - dgg0 - 1074. - 8 082 47 B9 120¢ Boilpt B 1221 8

10, 215. 59 J.UJ. 3 [er 3 3 -9,
7,504, 6 Yoo W g é@i 8 5,5 vy Rgd A 62

9, 113. 36 290[er 19,2896 ) 185 1857 —811)38607 %103 806 38 46 480 42 11 '
11,654:0 88[er ; %3 26 -

Aver age 3,107 g5 94 4o 12’00 - ﬁ% @‘276 890 §%39968 85 34 17"
13 (a This i s4 t he . 'f'hﬁ' v aggpy 1?/35" g, atggt QF b@gé,pngongspf thjs_stability
study, not the origi nal assay val ue nmade follow ng the preparatr on of the
enzyme reportsed in 3,§9.7pr evigus 16xarpt es—~ b Tiiete Wanps e$ had &n unusual |y
low initial activi t?/ due to fault égcessr ng.conditio 0$ (c. Low val ues are
due to. crystaﬁ li zatT-¥9-%f priteil s mafer 1% %% P8 nd é?t ﬁ/reparatr on:
whi ch did not, form@ﬁg%r,t of g4 hgggd otlg-; analoy si .39 the Thg1 855S89 Qf1 the

i soner ase actr vity Was accurate to about 10% of the initial isomerase
activi ty vvhr ah accozitssof or 1athe 93l usxc f08e 189083 OB t A 5n|3t| at

9 17,5046 100 95 - 91 88 89 8283 84 6 5 .1 —
10 911336 90(c 96 90 8 87 818 86 8058 48 42
1 11,654.0 g8c 93 _ 85 %0 - 83 88 — 33 26 -
Average: 9% 99 100 8 92 9086 9% 8534 17 13

(a This is the initial assay value at the begmnmg of this- stabxhty study, not the
ongmal assay value made followi mg the pteparatlon of the enzyme reported s
in the previous examples. :

(b These samplés had an unusually low initial actmty due to faulty p:ocessmg
condttmns

(¢ Low values are due to ctystallizati'on of pmteinacepue material in the enzyme
prep atation which did not form a p'ar't of the total a‘nalysis .

(d “The assay of the isomerase activity was accurate to about 10% of the n'mal
isomerase actmty which accounts for the values above 100% of the mmal
activity.

" The data in Table VII_I.is_fﬁdican'vé that than 80+:10% (and generally greater than
: the stabilized enzyme concentrates of the pre- 902:10%,) of their initial isomerase activity
.15  sent invention are capable of retaining greater for up to 12 months when stored at 4° and




activity. The data in Table VIII is indicative that than 80[err]10%
(and generally greater than the stabilized enzyne concentrates of the pre-
90[err]10% of their initial isonmerase activity 15 sent invention are
capabl e of retaining greater for upto 12 nonths when stored at [err] and
17 <« % 1,527,972 _ -

17 perr]? and they are capabl e of retaining up 500 mlIligranms of.-the

| ysozyme enzyne pre- to 8010% of their initial isonerase activity :
paratlon was added. The slurry was agitated for up to 8 nonths whtored
at ‘[err]. overni ght foll owi ng tenperature adjustnent to O herw se—stated,
t her stabhli ed enzyme con- 20- 30 C (l-r;ﬁsﬁ nperature. had increased .35
centr ateg —ex ' Zthe
second | ysoy%?e G thfb' cambletqﬁemxmnmun i &P0 mmsasehaamozmeteyzymdnh-t i on

whi ch 15 bel ag;iéo“ #ﬁ@s;%;%@é g e, o

average achOiawisdBadd, th) Sababey _g% %paﬁe%ﬁgusﬁ?f;kﬁs Sy han
about  15%.,.-aentrdteai exhibiteil,t sncihn avarafe) (ks 1thiars amaaibeuzcxs treC afidddR sbopisblyRzynies di | U- -
activity  wheh 5§<t pscof '1!'(—'@‘ injtial jgprardse activity emddition rwhichtie belivsied i S0S sohe d¢- vvat er.
123 m - ali quﬁgs i t]nths, an average  activation of the enzyme.) Following digestion, i t he

of their initial A 500 le of the crude } dilu- |
dil uted | ysaici h@nlggé&lﬁ 17 WOARDIS AR GHOWE] S005mI of warer °1z”§a§§|w37.q.ié‘m el y

50% 2-pr dpanzd® Gon a vol urre/vol umre A sevenhthe dilugllydate iwefeGougih 1b bppedxs) bDat ch

of basis) by ,t he add| 2 “5) nanol ma@xéofd:rbpmaedr(maa mllmg/volume

I nt racel l Ul aﬂl‘o“ﬂ Cm t a uotllyf %ga 3a:ﬁl1 l as iec n[tlgl%nt rOl
Pc,

To prepar ed préphredt mprﬂe& EdescHBRAC i D@Ath diiguoe N5ad saml e,
t her e wadSadBeuiple 48a)l was difvrsinpitie whiea and\a shedieteirb V‘ﬁfs&ﬁbrtﬁiﬁldl‘abfe e

her ei nbel ow ‘&E@ Qi'rvﬁtei r{ bIIZS) mntsmlf Fldor ¢ dgroa coma cel |
paste. (The phAh Eﬁ: E:ﬂ S%%Lﬁmﬂgﬂ mﬂ‘:‘gjﬁl | on .
Si

bat ch of brotctmqﬁnamf l’leIGIU?:ﬁl,SEs [atgp two
10 gal | or?0f eTiwetwoofernpator rbeshehamen mb&ed) n{geher c]ontro@\fwbtércerhﬁfegeﬂ ahd amBghdt i on, as

in-1GdUm T“GI‘ Blucq leq;teeeracwwraedmauemeon-t he
suspensi ons, Effné il f,‘;n,f;fﬁde fsteﬁl ' ;% S LS Yidgtia el opticaly ?L‘Pyﬁed i ng
t he control aames wedivélihd gedls ai %S,L@ﬁ«nuu&dm&%ﬂﬂ&h %ﬁ forCSsl -
past'e. THe cEmt shirry, _andrh ‘b gored so#eCasBloehem \Redez lﬁﬂﬁESpMBdf&ﬂnSt(;Ol:bs fuge

cake (cell paﬁi EQ‘? %IdPSﬁ veps gregjed ¢ Apgele :tﬁh»éh 3el?ﬂseé n thq extingtion 0 of
optical densg o,{l( %5 i Tl o%r 'etcdc’ SE7260 and
280 mm (usi nabodt heg0 per hilligtabhs 2 3811@943 T‘ﬁ@’@ddﬁomﬂd a:s'ofﬁe &.Ofso
slurry. 3 addei m!jlofs?wmbumled'hb ylugy (wag optmnant&md he fesits ofSthe 2Gay akbhige-sl urry,
whi ch had beWfed {954 bouss: whegsppop an ﬁﬂF’&&‘HbrrP"’R@S‘e‘é? owiggBablebdf ord St., Los
roomtenperature for two days was treﬂtBeg Angel es, 63, California based on
the extinction with. 77 mlligrans @t,cglyfeegg NR enzyme preg..Gogfficients for
enol ase and nucl ei ¢ aci Wsiggioren .ved from sﬁ&gatﬁhl tes having
by Warburg and #&hri sti afalt, Brapshem26@n310, 2smbmut gubD0 | ysapyme units per
mlligrams) 384—39421—Fhe—additionatl—details—of the ex- 6030 and
1930 M of .2- pr%‘ﬁ‘&ﬂ‘ol The=slurry whd pedilfrent &%d the r@gBlts of the
assay are re- sgjdgred for f,hours \A@g.\geupqra?an agqbtlonal 3.?&\(C)rted in the

foll owi ng Tabl e. " TABLE | X Optical Densit tivity in

Wi ght of - ‘NaCl e 200 155 103 Slzg)er nat anfis Salt

Salt, grams 3 ?CSO nm - 280 nm - pk [l : ldunmn Control -
- 1,59 | 6% 30 62’579 NaCF” .. 1.0
1.53 1.06 o, 6.40 3 Na 1.55
1. 08 ©. 38gs . 30‘?154 NaCl 1§°3 %3 588y 297 182 1.30
6. 35 zMsﬁe. [err] 0.50 - . - 1.88 25 0.995 - 6.44. 50 23& 03 - 6.45
2.8% [err] ’ M 0 : 0.5_01' o 1,48 0_ 995 .6.457 . - 2.36
[err] ' 88 L 01 ,65 - 1653 138 68030  LIT g 17 [err]
2.0 1Mg@8. - 61385 111 - B220 &) ThgypH i-n these

tests was re| a{.- =-_r‘r‘n||n1' fnr Thp |n\l\l Lsoner ase

activity., |'lOV\B\Xer'I‘hetpt:’{Ein mélsé’\@&s W&L rJlQWeﬁr]ngcﬁ &uﬁl%%ﬁm fof 8£ TVJ'Ie near -
conpl ete | ack of iscn0ERE AB/i GONIWEvdrYthe B WhEncs WHeEnB@dhad o Bint Jli%@ 0. gram
_ .near complete lack of isomerase activity in the supérnatant at the 2.0 gram
. magnesium sulfate level. It is believed that the temperature increase to
 35%° — 40°C after the second lysozyme addition caused most of the deacti- '
s -vatlon of the enzyme actlv:ty m thls expcnment '

The results in Table IX illustrate that the - alcohol-water . lysute causes a decrease in the
65 addmon of the magnesmm sulfate salt to the isomerase acuvuy in the supernatant without .



magnesium sulfate level. It is believed that the tenperature increase to
[err] after the second | ysozyne addition caused nost of the deacti- vation
of the enzyne activity in this experinment. The results in Table IX
illustrate that the "altT '

addi tion of the magnesium sulfate salt to the isonerase activity i,n the

supernajanl W t hout 18 _ 1, 827, 942
substa l'y lowering the nucleic acid content volume of 13.0 m. The .
st abi I( d enzynme con- 65 in the supernatants (nucleic acids absorb tight

centrate was recentrifuged and diluted 101 to at 260 nm. "This* effect did
not occyg by the 1 with water forljzbgnourpose of assaying. The agddition

of the ToU" um chortoesatrt—Tfhos—the—t+ght—transHi-tteree—ef—he~d] J/ut ed
sol ution a‘ir“‘ ﬁ% %?@%%WE& 5\;2’%}#@@13 %@é'[bambﬂtg@mgﬁonﬂm nm and
280 nm Was,e G %‘E‘g on of t.he
respect.i veddditionl Iilehdﬂdbdlihe bﬂloﬂﬂ@ﬂﬂtﬁ'ﬂﬁus, tatﬁé??%‘m{;%% 4% I%Er ase from
t he sol &bl @dﬁ@cbfeﬂle mamsfhtm sujfmewastodm erzm @ chnd 23€ nhh ads. The

observed pHeEp Bl °fth h_ e tVFIé axotemtcenumgeﬂtmdnbnd Mt ai ni ng
the not a acmglﬁ,@ D il a4 ferm 5. g /mlst abi i zed :

enzynme conment fpita “hﬂﬁxg;lcﬁt” k-,wtekm ﬂnerTHQIllﬁﬁlhédﬂ%tﬁM el onc mmg'thY" and the
46.5 mj?rﬂle:ﬁ @memmmwnem@%mﬁehb a46.§ mamwsﬂdlwnaekyhorak de was the

opposi t e Wdﬂ‘{ﬁdﬂm the °Hes ) a W@lﬁ?h@vmdl’ﬁm
chlori de exiers Rl ¢ aand Go Rl w0 E‘EP @/ ot al

activity caunsteuathy s@uhmnant ial decr easaasl Qzassmmr ap,@ ceh fﬁfuﬁeﬁm e&%fe m

st abi I | ed enzyne .c centirsat e activi tyonlsnliOII@IG nat ant AR,

was | 26 1I‘gs'lthlg balI o?gﬂ&tﬁ liter gru R'pageal n%d3 95'3' Iysate contauung %
anp e containing solubilized glucose isomerase) ub zed.

80 To .the Beam eo,f:he‘rdmsddcﬁdﬁltetﬂnmﬂru /MISQ &1 the %Bi&“fba%? a

sol ubi |

clarifiged SI'?.@@F é—vmh%ﬂ(e@bm AP ngferrgbdoulbﬁxtamphd) wgl miged sidth 1635 0nET ase)

volpyme/ andma 162yl o 83 s
added fi I tterclaﬂﬂy i u(eﬁ;ﬁ:Dred %lémo 3 ch;%te %ﬂn@ﬁﬁ?
suf fici ent332-ngd n@f tlteoﬁltmkevai hﬂlysddurfo éoﬂdfcfeedy taarrifigatokanpl € 5)
Was ni ﬁ?dlq@ %U/m (?W !iibl%tz 2 % ?ncgynlmae vbﬁ'ﬂj/mbkfng?amgoor \che '
2- propaho 5 r"g’ Mas Vslowy
filtered %rl&y ﬁkjﬂ ;,,mﬁI‘h@,&a_ “ﬁiﬁ% I‘HF %&t{:ﬁ;&" t he
solybi i zd?d (Me€a . TKa@()nrapiéof 8A(Thuge ﬂd&)td ©made/TorRRE patpdde of assy. Oi |y
preci ppé SPH’“"Q Atwﬁbfﬂﬁnet:tt r - Bghpaman zaec%ofanrt a¥inmhi ch was
col | ect’ed b?;gs @?é{ ﬁﬂg@{rngﬁe&zﬂg@% ‘and 0343, aespeetively. 2 95842
The preci pip&ﬁﬂleadhﬁ It.“meéa ti p ml an kB' aﬁtimg& le there
was added t&ﬁnﬁfhel Premmteam ﬁ hﬂwdtg»muﬂgd&%(]:eihﬁlw rIGIU of pr80 m of
2- propgp resolu ‘e te ate'tlo'trbﬂ byn ?BﬂffﬁG@abﬂ@dLbnzmel to 1, 000
di | uti, on 3 L“’%ﬁﬁ t° %:I;’sd pP®tion of
t he st abi Iwazeedyeuz;bnﬁ Eanlﬁed uﬁxfeeaaﬁ Odly: ifuge ogﬁentrate was

made for t Eﬂlﬂ% etflﬂsad 80mhewds m;eds’ﬁiempl(dmpudmaaremdezﬁn%wth respect

Its. light te1[ bYer]Of 35bmehﬂdl I 2%

[err] @ a‘;véfétﬁimym a% t°31.’;’a”g ﬁg‘ 3?- 0595

basi s.) Omgginl §0rﬁté606ﬁiltsﬂitﬁnl tidh €| hdd narl light tent was -

det er m ne Vl{l&téﬂﬁdmﬁlﬁ/@h f 260 emsad the essad zxt)lmn'nhoﬁ)p 0. 299 .

mJ/ m asld(%{f%ﬁ&ﬁﬁ ctm Wﬁﬁ‘ ﬁ%t di“ﬁﬁ ‘FH@"F?F bight H%ﬂ@cmd-cegb rif uged
i ecipitate )

rermved Tdmaer e etcatcemteemm spixttic bal amcsgﬂrtms og:ﬁpr%th|c$dta¥rﬁ‘t@ 1952y e 35

was resol %‘EWI‘SI 2&(!5 Iewm eff powing Thipt aIGWMluafe:ntmdMaerghrcaé dsomeraseal | oved to

stand Epr Bghe g}) e dagy i TﬁI’le D¥hipee I erfles ﬁaraznnle hrs.
wher eupon i, hes g)es y es: rifies fi:?f'%g ee‘s:!-h%n ﬁ%% [g di? ut ed
sol uti on' snzytn ree Iayered slurry was nﬁﬁm thiwi@eeh 2 dd he;sa;,)smttance 5

gplecfscaved.  The gl 61145 dy)iid dwsniceimdda@dni had -
gﬁéﬁdl@i}ﬁ}’ﬁl @g‘[) gramaol lpermme @d éthteft He-center -

mif:éta"t’optmﬁrmzﬁ

at 260 and nm ¥
0.284" d pA
| ayer o isthibehse

AL 4d o

1,970 1 G Ulenz-pmwdoltdnlandnomoomd rwaﬁlf wa® stirce. SThHe) 37v5a§te.gettar as 0.33 |

mg/m or olarqu@tqmgdﬁbm4 IGAY fml. Agérmbsmmrrs,the 10.5 m

sol uti g, ™9 §n eg;_f;r His ngz:: %ﬁ’ gﬁa i femavedaTherpne nq at was
DPANg W,

assayed and&ﬁ’EU lﬂg aledibilWabl isorhdrase 2 vﬁ W‘vﬁ% dﬁ% ‘The |

top ther ef:cmtaeunbadutan tIaiv@diately, tai gvdytwhito f 82-1?,104@&: Lu (kl g/g §) J’ e hi ghest

light t ra q ‘:e#?h wvggs% of the plurrien iwhicta Iwera cthareaftéryfileredm t: he -
clar I fied® ueﬁt rg?mvz% in water to a and washed w1th 2 literg) of 50%, 2-propanol. o :



| ysate was recovered). The stabilized gl ucose . Exanpl e 9.
i sonerase enzynme concentrate had a specific A 27 5 gallon batch of broth
containing 17.5 activity of 15.3 1@ Ung of protein. This 13U m of

intracellular glucose isomerase data in conjunction with the data in Table
I X ,prepéred in the manner described in Exanple 50 establishes that the
magnesi um sul fate selec- 1 (a) was mxed with an equal volune water_ 115

tively precipitates and purifies the |sonerase and centrlfuged tofa,fkirm

cakes The cake was-:enzyne. o m xied Wi-t h

water to.a volume of 26 liters at Example 7. - a pH\of /7. 45.
To this: sIA?rrv there was added A . .67 ‘1p32ze#npl e of resol ubilized al C-O| :
0. 250 grams d 11.5 1. Z- 55 uat,uuuatc eoft-Ni Ng
. soJubili zegiltl f,{@ff’gsn?ﬁ%%“% ﬁsd%mg a terrperéttug1 . efl@rr]. A small35 120
gl ucose |sondda!sedmg-taabn 1 iR 1\8Hk dtt Ofhe pu rafﬁthﬁ e E Jheam was added

and the sl u tt ‘lﬁ'edezlyg alhtgtn 3;46! 1R/1Ugm! kitm:qnstafzzl ﬂktateawwgw A empidy ered. The

37.5 liter™ ki ‘V%‘E’ Wasl'hé‘?f@a? W@Fr solgbleyimagksian cdle o mol ar
cont ai ned 37]1:&.40? solzgf”fg“‘%ﬁ“’ﬁ,‘i

?5hubtco %%%S’thﬂhul f4X e
hept ahydr at ef,{_a);fetavd)lBhter ofaprqianatg@mﬁm{ee E,,e,{gg, °“ rﬁ 'ﬁlﬁ @2 m of
the 2-pr PETiRiAteo rronteiniog - the pstabflianio| sulfas 4 daﬁlunt Rhlatite ADRKS Wivkiehe DT i NG
125 addeggt qugZﬁ'e Cﬁ?d%ﬁiﬁ:é“fﬁm ﬁé’ ﬁva’éersﬂtsunealasmplowdenuﬁm rl‘sd; %0% on a
vol une/ vol urmrebaslanzoluﬁl@ﬂﬁ&b@' qmﬁﬁﬁ“ﬁio f cose 1S hommre Bl -F o
filter.aid (3359/AGIU/i oc el thigl) ofvea8,0EORAT E}F as;f omms ?'L des\?\hl ch
was sub- e’l’%’tﬁﬁra?‘l"lé!é °fNPﬁ°EthlA/6eI(éIWhece&ﬁx‘fdg&rmEuanﬁr&5@ entrit6iid WETR U removed
and di ssofve T pmw@fﬂefmﬁ heB00 A1 yRSHed RFMtfoleﬂlmmte«rssm@mee R ompanol .

19 : enzyme concentrate (one with added d as being 4167, by . .50
pro; nol
19 The fi | t rPA%a®PiRRSA assaiyﬁtd aad oha wmtpt?gf) WJ' / V). To each of seve

; lesofth larified r’fl'mle 10.
35 . Apgadfify EOIEE o @m &2;: 7] yrsomy nﬁmymuxg) there was addod BETALILY

T

.,

Experi ment s.re-age G, U 8t hQFSlmteé amiogray ot’oatea(rloenola'FthGlupur pose

of these ex pmbtllmestssbdtls si@legitadt i s‘°’§§§ f(.“ﬂ, lf"ﬁ sl dnm Veble X @lony niss
dermnstratelf*ﬁé/néf tfamehesereofpe:&maél@yllgﬁn salt“Ingacho ff‘;ﬁj“ I; The
enzyme i gs t GEE doys Of stgrage; the samplét eweres ol :Id a&drm&grtaﬁi.tu Sal1 t he
i mredi at el YIGIU?ﬁﬂlﬂh %}é @0 r sem orﬂ“ﬂ\“ ut@sé"htt supcmmtslm | n
conpari son \nwet)hasapdaezrts 1-3ip | PE iPiggtes h@ﬁm
salts knownis ’at’ma(ﬂhethﬂt thbistabitiaed teﬁzyqaé e&i-plrmam, E&,g,,lt‘%ﬂd; teﬁ"’,dﬁig L
2-propangg et mttﬁ‘fgfné 'n"eipt%t(e'fth@rsm*,aﬂ{ AISTOI05 MPO S1)| FoRlaRey 800 UM The
pr-eci pi t at estoﬁgzrunalt : nq |°Eec8'“°?§E|I“|’° tfesea!mj’lt}seuﬁ pmamcd!&e@-rl de.

Q her di val ent(orlgreate)myﬁmﬂ,gru;em iF af,@al g—% e f?“t’ Saltsstail t 85 were
al so enpl oy &¥ipinfor moee tiempedays orhen fsxugat |peﬂﬁ ST ‘Pgl‘"m amount
of A | ar ge TARPPEE: ¢ he lysate (al cchzyinewatsmnmif&;le\mter to a vol ume of
200 m having about  glucose isonerase solution) fromBatch 6 (des- 3,450
AU mM or a total of .690,000 1GU cribed in Exanple 2 and Tabl e IV)' was
and a specific activity of about 12.5 1GQ U - centrlfuged in a | aboratory
centri fuge at 18,000.-15 .ng protein: RPM
for 10 mnutes prior to .use. The al cohol Two sanpl.es fromthe 200 ni of
stabilized content was determ ned as being 41.6% by 50 enzynmne
concentrate (one with added propanol .-weight or 49.3% (V/V). To each of
several parasept as a preservative and one w thout) 30 mi sarrpl es of the
clarified lysates (at roomwere subjected to storage stability test at
terrperature) there was added the hereinafter.20 room t enper at ure (about
[err]) followi Ag  designated anounts of one (1) nolar solu- re-assay. At

t he-begi nning of the storage .tion of the salts specified in Table X al ong
55 ‘'stability tests, both sanples had about 3,300 with an equival ent

vol ume of 2- propanolz Fol- 1Gd-U.m .. The . sanpl es were periodically |ow ng
salt and al cohol addition, the’ sarrpl es assayed and at 31 days of storage
the sanple were m xed and then centrifuged at 18,000 25 "~ with the added
preservative :assayed- at 3,165 " .RPM- for -10 m nutes. The supernatants were
A U m and- the ‘ot her- sanpl-e (no preserva--- rem)ved and the precipitates
were washed © "60 tive) assayed at 3,140 1A Un . This test out-of the
centrifuge tubes and dil uted to.25 s i ndi cati ve. that the stabilized enzynme
con- nl with a cobalt- phosphate buf f.er ([-err] M centrates of the present
invention (with-or [err}, pH 7. 5 - 0.05 [err]=) for assay of 30 - without
preservative) are qU| te stabl e on gl ucose isonerase activity and protein
deter- storage and they are capabl e of retaining up m nation. The effect
of the different salts.and 65 to (or greater) than 95% of their initial
concentration on the selective precipitation and




activity for nore than 30 days when stored purification of the
solubilized isonerase at roomtenperature. enzyne
are shown in Table X 20 1,527,972
TABCE X EFFECT OF DI FFERENT SALTS AND CONCENTRATI ONS ON THE PRECI PI TAT| ON
OF | SOVERASE ENZYME % by Vol une of 1 M Salt Added [err] Enzyme Sal fis™ *_
Recovered 1 2.5 5 10 20 Magnesium Salts [err]

1. 37 - 100 . 100 95-Sp. Act.[err] 2.4 15. 7 15.8

13.6 (SH1.0 [err] . % 5 . 100 ., 103
103° 105 Sp. Act. 9.5 15. 4 15.6 . 16.4  16.9 [err]

% R0 94 . -100 99 1,527,938 Sp. ACt . 3. 7~ 15, lJ\/ 15 4
15. 3 15. 9 Mbnoval ent--Cati on Sal t"f’AéL%f( ' o _

0 .0 0. 1 16 Sp. Act.. -0 S 0o 0o . 2.6
8.4 [_err]. EFFECT OF. DIFFERENT SALTS/AND CON(ENTRATIONS ON THE. . 0. 1T

1 Sp. Act. 0 " 0'PRECIPITATIPN OF ISOMERASE ENZYME NaQl o+ © - é_ d |
0 0. . 0. 1. o 1sp. Agt a3 ' 1.8
1.9 Q her -Di val ent Cati on Sal t Snbyaer | 'ty V°l“m_Q__°“MS°“%M 34 -

93. . 76%alts 18 Sp. Act. Recovered . .11.9 25  §.8. 1Q--8..4-.20--.—:-:- - [err]
% — ' :aq' S SpACT. - - 143 o
12.7 12, ?“as"“l“mﬁakir] P o % '“6'5_' 57
19 Sp. Act. MgOTHO = 8.9 --%7.@ 6.297 -10[; re 1]°° . -
% - 61 - 18 Se At %t 15.7. 8 1867 110 5.6 - 0.8

- [err] - _ %, . -2 2 8

- Sp. Act. MgCl 2.8 g ?{‘9 13256 1(1)(5),4 - g%_;@eqpactly@q Mol ar
concentratlons are 0. 01, 0 025 0.048, '0.09, and 0.17. b) Pr;astel n for-

speci fic actimg¢ &.5p. Act.) det@r mined by apt . ca100den§9ty a 280/260 nm
and reported as ’?qGI U ng.of profeiAst ThéresdPds shdn iA-3Tabl¥ X
denonstrate, due tq cipitation but may be attributable to that sodi ume *
sul f at e :ane—=ahHs Fate do  a phase separatl on (an al cohol vvat er and a
not preci pltalﬂaSQ.he gI ucose .i som& ase &nzyme? sal t dnate 6pha ) -The .
protein is nore sol uble 5 f r 8Pn A% I)?sate s eff(gctlve1y and - at as | ow.
in the salt- Sophase t han theqal cohgl.- a goncenfratian as. t he magnesi um
salts. Am watéf phase. ‘The saptadsatero phase non- dpeci 2.6 15 #dni um sul fate
did not precipitate any enzyne flcaIIy extracts protelq fronjthe :
al cohol - wat erNaffld sodi um sulfzgt rovided oply a ;g9% Qhase1 Sirnce the -
sal t-water phase is nore dense P Aé(t,over of The gl ucose Isonerase enzyne. .
This it isofoldipfldeeaden sAROAUCT. Al 'so, -the other. nono- 10 recovery
(however srred tle WS - TIotTTecessar i I y val ent 9§al ttgs tedls sodi um chl ori de,
did.not pre- Clg1 . 1.9 4 1, 527,972

21 cipitate the glucose i somarage enzyrre of tshe vvho cell s, Sil-Flo

filter aid angic, E % = - 104 9% 28 -
o _Sp.Act. - 143 127 -121 0 -
CaCl, . % - 65. 57 19 -
Sp. Act. - 8.9 7.9. 6.2 -
cocl, - . % - e . 18. 1 -
. ‘ Sp. Act. - 9.1 56 08 -
MnCl - % - 21 % 8 - )
S Sp. Act. 2.8 39 26 -

a) RespectiveMblar concentrations are 0.01, 0.025, 0.048, 0.09, and 0.17.'

b Protein for specific activity (Sp. Act) determined by optical dens1ty at 280/260 nm,’
and reportcd as IGIU/ mg of protein, ,

The results shown in Table X dcmonstrate due to precipitation but may be attnbutable to
that sodium sulfate and ammonium subfate do a phase separation (an alcohol-water and a
* not precipitate. the glucose isomerase enzyme salt-water phase). The protein is more ‘soluble
5 from the lysate as effectively and at as low. in the salt-water phase than the alcohol-. o
~a concentration as the magnesium . salts. Am-, water phase. The salt-water phasé non-speci- 15 . -
monium sulfate did not precipitate any enzyme - fically extracts protein from the alcohol-water =
and sodium sulfate provided only a 19% - phase. Since the salt-water phase is more dense,
. recovery of the glucose isomerase enzyme. This it is collected as product. Also, the other mono--
10 = recovery (however small) was not neccssanly valent salt tested, sodium chloride, did not pre-



Di val ent salts other than the magnesium [err] were added to the broth and
the salts precipitated the glucose isonerase enzyne mxture was then
washed with 2-propanol, but the recoveries and purities were not equi-
dried and_ground in a W | ey mll. During ex- 55 valent to those obtai ned
wth fhe agnesium traction of the ‘gl ucose i sonerase fromthe cells,
salt§. Bariumand strontium salts performed the nixture contai nigfig e
cells was treated the best of the non-nagnesium salts tested, vvi err]
in an anount sufficient but these salts are not desirable froma fbdad 't-o'

make, the.slurry 0.01 nolar with respect to use standpoint.
t he magpes2um salt and adjusted to a p,EEszGO 100 . O the salts tesztled

only the nmagnesinm (i 0.1 nolar The crude—ot uw
precj pi t at ed ?’Eéa,&éi?;g}%i th%% aneMuinD ﬂlgég}{)z je%&mgdﬁ'égloe@%%

.-

‘ n-

extract ed fr@ﬂtsa!reﬁp@tes nkosensaﬂ&asudnty;he THERuEGRE SHeh! gPa 1, gram
sahple (as, iy "e' f'é@?lweremoeptmr-a dried atd groundde el Wiky mills Dati [ agki on
of 't hat reﬁwsglénél °bt uﬁbs; sm e E“éi‘rﬂf the gl Smfmemeérmhmkcl pitate
pr Ot eins fr OﬂhealibstaﬁfUQQUxSn-ﬁn rﬁ Afg‘}rg?ﬁi’f amount su ﬁEFd

tenperature bGtSth% salts |acmou§¢sm@lecﬂrms|fcbal ﬁaallaké f);g-sﬂﬁlf 0bEM and

then centrd fd " n extract ofthesia suammltmndrm fanfem \
sul f at es. h? pgeg&ne salt fﬂft '&Yﬁlmﬂ"ﬁ’ﬁ%ﬁ oh #ith 0 o @HIUelﬁud? lxélcose

sh ™~ ~isgmer: tr '
phenonenon ISpeclﬁcﬂhdtlﬁfnyh@mE Ssivnf BRI bR sm} rﬁﬁ?"aée‘s%nzyﬁe
solution i téflamﬂulﬁqtjl %*mgll fraoﬂdtvafnmaeﬁequtd Pr%xeshﬂ. ﬁxmog%%g&{?ce e this

n::

t echni quegan e “e%Foén're W stirpedl gress hinGtesdt Boo iauﬁendss

enzyne concenf,{ﬁs%g ‘i gl saltmg iy ;;j’\f'ép thm d“"’ aAdVéhc&eseXtrmﬁ’fotel n

Chem stry, Vdieuplmoﬁ:&;on i{ OSnEExR I 6 Ghd &p@}fcéor Eﬁ‘f age 216
te&ﬂfqﬁk ﬁld Mecpf wat er

[1961]), thell @ fe-g | Adaericeyrin @?f'otemcwinzs- Vﬁfpemase
i nsol ubl ey n ‘g‘#"% ﬁem utjzateezms domegraef ffabe pre@ar vakisa USHNQ

t he f ol | oW ngagpR 0L dy_lr th ];, " éc‘@fda‘&ﬁﬁﬁhlﬁmmubb)t e I n
a 150-n beainfcateszglg ]? c%g le§3 eﬁ& e ,_Ja,lg,e ﬁotﬁfy wa&:r lqj?behlee' ns.
wat er insol uBY P‘Eﬁ“‘ﬁﬂasﬂ‘ mmeuhnwmfkteSO IHa 15'0 er,Zg igvérdgant from
the «data 4gn T ?;vzgnﬂ‘gm teigs ata coma&r friselep le()ca&lermksamxédhﬁth Wml 75
| ncreasi Ng ChaCde Hcfedn tiohEdd m 5{& a?lvem(laﬁwensd) bsolap| ar), the
speci fic act pulfpte Yabove 008 molar), the {pediﬁc ac reases, i nd| cating a nore .
i ndi scri m naf¥rass, mdlcatmg a more l{ui;:;g:npe ecipitati oM p?’gPei n with-the

gl ucose 3y ST S wit at hase and adj usted to a
pH 8.0 wi th iéﬂrhuoﬂéc%%iédswﬁﬁ&@rxﬁekﬂegﬁinp i fﬂfﬁﬁff'*ff Al i’ﬁa‘gﬁﬂemw I -

m xture ther tew&‘he deciuiwel irs spbdificCictivity fOIBRIENGHE (biheiCthe hoHp %ﬁ"mﬁh sp | f ic
activity foI eftl a?fd bilige pf n!rbrsn iOT REdyly canodntrite lof ihe Goreéint fndéation) 80

appar ent 35nc5naa,§ ﬂﬁ?“@mtl& t}/\,y}ynrmﬁ MCWW@Q@'P&@@ I@IUt he

present i nvestured d hﬁ L ter a d a

cont act the ¢pstant, ef nokj mdneamoaomahae@e G Hoﬁg MgSo)7HIB A0E S

phase separ a‘f‘TgB‘ﬁ'“chlf’“qehe | sonmer ase (depewdldﬂghqamxtolzqa;laﬂqnaﬂrg)e;aﬁﬁ,urred and

the specific asiMmaBiLIZSTIONS ft witerghsolable caudali t i onal

0.01 consWant , |thUC0}s§;1¢smﬂgk%%Ug§£| wm ol i’n;h'ygfﬂf: ywﬂmj %@I ution

was added. to , 85 ma éé‘liPMh Whloride. . molar MgSO 7H,O solution. The conMited | O @
?Zz‘i%" > it - fgmonsyrated gt { % rﬂgdemlwge Vamdtrmfcﬁé‘d tonsol ubl e

i QUI d vol unge R s econ- 0 ml volum

carrier I MVidida okl inrki bl 1“ o Ey m xed
by stirri4hg Hrmm@arﬁmng;?hzed lucouﬁm W@omn&ﬁi on?ng Oﬁ&: nut es,
filtered and® SRiOtIRIg [sepacity Ollan ERGAM/PL Bondedase enzym f,
[err] sol utlall e ﬁ Eﬁﬁﬁ lorflseerase | n t hi actigiy, de;wpl;:‘c’:;?hogtog%;mi‘rmnstag;sat ed
t[laE Ifllééirghhgdmm lﬁ%'a nﬁf ﬂﬂﬁf efl Wf%gaf’rgsm@ Q( Ibl!?l‘l the ed ?ndt
stabiliz inih ri &la iff “centrate
of the pr esé’ﬂ'?edluh%‘éﬁPlFéﬁ)l'@%dapdbmm winblis: Ebﬁ 0. 01 rm ar Té ?gsoiootion
45 produci ng an mg@bt C nerase: and .assayed against the
original soluble having a éﬂﬁ? %‘%ﬁgffﬁz’" c;f IGIdn norm i soner ase
enzynme preparatlon for. |sonerase ot osSe i'sonerase.
e’ '

activity usi ggl a _Techni cian Auto -Anal yzer g & ubi l'i zed gl ucose.

i somer ase- summpgizes' thb%gdtsrpg thammgméose isomerRE with )thd MbitkOE £ ds" om

P summp
whol e cell swqtgrﬂ ?ﬁdfﬁ":f g‘ﬂ;"ﬁm D U'r ecoprerstaie\of thagpresdnt inveatidnlib] € carrrers
was cal - 50 gl ucose 1 soneras %fed in the manner des- cuI ated by

di fference using the foIIovm ng for- cribed in Exanple 1(a) To aid in the
recovery mul-a: ' 100 " BC " IdUqg.
d.b.=Total 1G U Present - Total IGIU|n F|Itrate and Washings g. Carrier,
d.b. Table XI summarizes the results of this ex- gl ucose i sonerase with
the 'stabilized enzyme 105. : .




periment which canpares the binding capacity concentrate ofthe present
I nvention. with various carriers of normally solubilized 22
1,527,972 22 TABLE Xl __Bi ndi ng

Capacity for Various Carriers- Using Solubilized ducose |sonerase Carrier

Ani on Carrier | sonmerase [err] Bindi-ng
Capacity Exchange Resi ns Precondi ti oni ng used
IG,U/b Anberlite* | RA-938 : Buf fer (b : N

152 'te | RA-938 Buffer (c «SEC |- -
333 ite | RA-93- - Buffer (b . N ,
37 Anbe i 1,527,972 Buffer (c SEC '

113 *(Anberlite is a Regl stered Tr adeBMD(k) DEAE Cel I'ul'ose. Sel ectw Type
20 : B [’l t] 851" Sel ect.acel -Type 20
Buffer[err] lgﬁtg Cap cxty or Vaﬂoiﬂgafngépéseg %\éﬁllxzed%sejgomerase o
[err] . ‘Neamier -~ . 936 .(a N --normal sol-ubl e ‘ghucose- h"somerase
SEC - ‘Stabili ze Enzyrre Concent rate of the L qvent i o& (b’ Buf fer 59l uti on
cont ai ni Ng- B NGg gl—&? 5 pot assi’ ugag 1 lgt! BUCEeY . o "‘?F‘g’é?‘fy] and 0.001
M[err]. (¢ TI‘IQR er (0 _05M p \ Oht ai D naO - (d0.01 M
[err] .adj usAnigrliter IpH-ﬁsO Wwith 0. 1 NB(ffleHbThe drta in Tabl®a' Xl shows that
the bind- . wth Ty e 40 Sel-ectacel whi ch( had an_.ex- i'ng capacity of DEAE
cel l ul ose iAmbsHits [IFATRS change’ capa‘%‘tff‘y of 0.8 meq. Lg. 3Nthough tinmes
greater forA,ltdaﬂlt§t1§m_43| zed enzyne COf\ifer (Bype 2Q Sel ect ace -whi ch had an
exchange 5 é’egtrahg than for the normalé y solubilized - faCI ty of 0.87
meq./g. hadp“ 1% T%r" | ower 30 enz and i n5Ehe case &F‘ synt hetic ani on
bi ndi ng cap,qgm yhtt psaach cere4,padthﬁek) Type 20 exchange resins, 2-3 tines _
greater. e prac for comercial use because found during
t he course ofpﬂmealuwgperl ments it has:a larger partlcl € size 'and,
t her ef ore, Sthat the binding capacity of E cellul ose exhibits: better ]

© concBntrate is8hb-

flow rates.

enzyme congqg

carrier bindsgpolihay
|G U g. Using the st

alo

pH l.evel.
G 41

f6t2cslor TRREY st abi | i zed é‘f’ﬁ§9

i ncreased tselee{aego_nﬁypg h@ni ng .t he
35 carrier: sat

exper i ment g

Buffer O

. For e,
FI‘"?zed a oH (Né? of 6.

@(@r_rpl € 124437

rate

stantlally

Inthefollovmng .
N the carri®t. bi nds 3120

t he untreated

resent invention | GI U g. -wher eas,
ﬂ{g& j%ﬁnﬁﬁf‘% & AVIPS.Rf water in- 15 only
abi'|

e carriers and tested for

1634 -

use in the

con- enzy meb supe L4diidh eon@atmtwom 89 ¥ potak SIVE Mok SHAte uttBUQHSMENZYMAL I C

canver si ons MgsQ).m0am80/001 M 49(cljéH)RS possi bl e to bind 10.9 m.liion 1@ U per
hi ‘gh fructose corn syrup. Continuous con- cubic foot on the Type 20 DEAE
(°vmss$m:s(omw,ngn Sinoitkining 001 WiMeSe@, . 060 s were Thi s bi ocat al yst

ceIIquse
coul d thenége'used to. convert

al so conduct ed.

I n each of the conversions,

20 gl,u_cos t001HM YEPOL 71O adieted b v &9 with 0BW K@h-  except where indicated in
Table XI'1, a tinuously passing a glucose solution through jacketed 1.5 x
8-cm col urrn%@ﬂt&fsé@ble XI stipys thaethp biod-at wity Jiype #hiScibrtaca uthith ted phased in

The col um{%ﬁ gf‘"éﬂ;% 1’6’51" tYon Ioﬁglt]ﬂ’ gy “I“@hf filter
el ement.§. centra ﬁﬁ§ Qﬂe ' | AS1iéh from
Tabl e XI, dnymenmiliinithe cas@f fsynehleticy arfionl Ib.mgngt i Typat 40 theatypd 20 I n the 25
bi'ndi ng. Wasnmsma*el acu%i@ commergialnge bacmsanat er

i nsol ubl e
i10S

wat er .

15

25

ﬁi%fﬁ%ﬁ

1,527,972 stantially increased

by preconditioning the
carrier: at a lower pH level. For example; at

a pH level of 65 the carrier ‘binds 3120

IGIU/g. whereas, the untreated carrier binds

only 1634 IGIU/g. Using the stabilized

enzyme concentrate of the present ‘invéntion
it was possible to bind 10.9 million IGIU per

cubic foot on the Type 20 DEAE cellulose
This biocatalyst could then be used to convert
glucose to high fructose corn syrup by con-

. tinuously passing a glucose solution through
the' biocatalyst’ ‘which could be placed in -
- columns or in pressure leaf filter elements.

Also seen from Table XI, the maximum
binding capacity attained using normally
solubilized glucose isomerase was 936 IGTU/g

5yl ﬁg?%s %gongrrgeeﬂmd’gemm U g.

~ Exanple 12.

In the following experiments, the stabilized
enzyme  concentrate of the present invention'

was immobilized onto a number of water in-

soluble carriers and tested for iise in the con-"
~ tinuous enzymatic conversions of glucose to
~ high' fructose corn syrup. Continuous con-
versions using immobilized whole cells were -

also conducted. In each of the conversions,

except where indicated in Table XII, a

jacketed 1.5 X 8-cm columin was used.

. The. columns were prepared by placing a°
glass wool pad at the base of the column and "
partially filling the column with water. In the

case of using the water insoluble carriers, the
water insoluble carriers were added to “the

35

45

50



colums and topped with a glass wool pad. % e
The stabilized enzyne concentrate of the pre- [err] sent invention
(Batch 1, Exanple 1[b]) was [err] then slowy passed

t hrou 9h the colum fol- 5 |owed by washing with a small anount of dis-
wher € ti%¥l ed water. The washings and colum effluent BVH=column flow rate
in bed volumes/hr. 35 were conbined and assayed for glucose

% e=dextfose - fructose equilibrium value isonmerase activity. Th punt
of enzyne . 5 which at -[err] is 51.2. sorbed was deternine

di fference. ' % =% ket ose of the columm effluent. 10 In the, case of
t he |mrQ912379d whole cells (the prodsz79et Exanple 1[a] containing t
Sil-Fl.oTilt estunishhd tSppit wil atdhss WhPl,ga CET1 The bed vol Upes/r—at A)

| evul ose, enﬂmﬂl}ﬂuﬁpa&ﬁﬁd @ﬁteMtafehaf@H& éM t hout g}QGy EJ____/LC
40 ny. of [efha‘l sl 1t Example lcthil)u;ms 15" respec?t’!;lgéel«%h_]??g col ums were

topped Wit g mlﬁg“sﬁag‘:&% mPl reqw red for halt of "glass wool
pad. - tliled water, The washings and colu —LO of the CO' um to be
| ost, The con@rnmﬂmed:oanuehssaymsmw.eosgo ﬂé 8:,0 %ﬁ;cmfge fgmm téfkl ng
sanpl es duri ;}}Y“!Qo mzmslo;/ ehaymeli NG thaHi urmso/vts ‘e weeks
of col unmooper eW"W re |ss';(al-vé’dkmsyetmé kedlumen dmeﬁtr ose
measuri ng théh efi!kalnle I[J‘i ained 45 20 (600 g/liter of

sol uti on) coﬁﬂ-&lonﬁlmg B)OG4g. of the omok sl éedofolmhdhd arusy, tefles,ni ned by

| east 0. 005%‘: ﬁgﬁﬂnﬁi tolwﬂtmue lﬁ%w gl REf09 §quar es method, of 4@ he
pl ot of 1K Ol UTRShaW8#E 1l This
met hod assunﬂm whdl pad. he enzyrre cda‘i‘/'l V\}lenherupﬁé&sacrn‘;ﬁtygﬂwéhet frgg:{r‘ jllfﬂéoz'fous
enzymati c %@e F@UﬂQOPSSQOn‘@ﬁ(dnBrwereT&bﬁdlkﬁd t iwa$ deteslinedobyutaldiny damplesi cﬁﬂ@fwoz ation

was  conduct e AP “8:;&“’ eFifse 2 | BT | Weikds o eel opustionr oxh 50 25
h
punpi ng [2rr mfj/%yé& ﬁfﬁo g{% ftomtm 1t N E E’Tu “T.&%'?‘f;ea%"éstst‘ts
square | ine. 0.0055 molat magisﬂum FE equﬁlfé!?ﬂletgdﬂrm ph l?lﬂanE :

efficiency, o #4386 Th@aedumt @lem aqm rpthodassumeai thett ahenmbnbydet:alsae
conbi nat'i on smﬁf:ﬁ% “"‘acfiﬁw&e %vﬁ%fs'é‘“ ydumesdheim_ and
nitro- gey OmsphR 6bNE. sﬁvﬁaf %&mg,a 45° wa[sélFtF‘]m%@)fm‘Pat@d by
varyi ng the ga@lqmnegslulﬂaw etm:é the h ﬁ,‘ﬁﬁ%ﬁ E@i;{r -gdrm Vi t)é

was The r‘g@eﬂl’c ya%r:gtl;he@ebycmntcmmu&: C Qg RS PSS Usi ng t he

equat i on: vacuum gqlummeand pitpn Tabl e XI | .

1, 527, 9730T/ﬁe£§,>3f ey ON RESBI_BV§4ngbN®ID|ImERENT

| MVOBI LI ZED Cﬂ‘mdt EtyENZt wiiREPARAT rage Loadin

Hal f - Life |9emyiggd gsing thCemyationuious mnverm@aafé%?é?}g%x ‘%ﬂ}l“f " P 55

Ef ficiency (days) at 2 Hal f -'Li nes Controll ed Pore Alum na [err]

14.1 0. 61 48 - 0. 09 BaS|c Magnesi um Car bonat e

1.95 0.29 . 36 . 0.26 DEAE Rice [err] _

3.22 0.57 14 0. 35 DEAE Cel | ul ose (Selectacel 20)
8.91 0.51 12 - 0.42 DEAE Starch :

1.00 0.39. + ~'11.2 : * ~ 0.60 DEAE Wod Chips (2

10. 5 - 0.22 18.3 ~  0.65 Darco S 51 Carbon-

0.16 - - 0. 22" . 5.6 2.12 Amberlite IRA - 904

6. 45 0.49 - - - 37.0 = 0.15 Anberlite FRA - 937

0. 39 1.13° - 43 -~ . 0.54 Sil-Flo Cells (no-[err]) _
1.92 0.49 .14 . 0.38 Sil-Flo'Cells + [err] 2.21
0.44 17 . . . 0.36 [err]- Controlled Pore Al unina as described in

U.S. Patent -Nos. 3,850,751 and 3, 868,304 and U.S. Serial No.. 507, 209, filed
September 18, 1974 (Eaton and Mes sing), was



placed in jacketed 3.0 x 18 cmcolumm first filled with 3 nmof gl ass beads
then topped with a fine nmesh screen. The colum was then partially filled
with 0.1 M nagnesium acetate solution. 55.6 g. of carrier was added to the
colum whi ch was then backwashed with the 0.1 Mimagnesi um acetate sol ution
to fluidize the bed. A fine nmesh screen was placed on top of the carrier, .
and topped with glass beads.. The colum was then fed with 40,000 - 45, 000 -
ld U stabilized enzynme concentrate and washed with the magnesi um
acet a sofution. [err] A jacketed colum 3.0 x 18 cmprepared.in the '
manner of. Footnote 1 was used except t hat a magnesium sul fate sol ut | on was
used i n¥lace. of nagnesium acet ate L5ER&2enzvne was sorbed on the carr t
prior to filling the colum by firsgies@ti Ng 38 g. of DEAE-Rice or E i
wood chips with HCL, washing with water and thereafter suspending the DEAE
Rice in 750 mC@tTn@xJa_thm IONORESEL B GGING DF FERENThMMOBHUEZED zed ‘enzyme - '
concentrate (Batch 1) Ok SH JSOMERASE ENE WME(PREBARAHIONS at es -t hat the; bonat e
and the synthetic ‘ani on exchange Aveﬂgg stabilized enzyre concen)t'“r‘ate of -
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