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(COMPLETE SPECIFICATION
Purification of Enzymes

We, CasTLE & CoOOKE, INC., a corporation
of the :State of Hawaii, of 130 Merchant
Street, Honolulu, Honululu, Hawaii, United
States of America, do hereby declare the in-
vention, for which we pray that a patent may
be granted to us, and the method by which
it is to be performed, to be particularly de-
scribed in and by the following statement : —

This invention relates to an improved pro-
cess for the production of a proteolytic enzyme
preparation from the stem of the pineapple
plant of the family “Bromeliaceae,” and more
Farticularly the cultivated warieties thereof be-
onging to the species “‘Ananas sativus.” Such
preparations are usually referred to as “pine-

apple stem bromelain” or more simply as -

“stem bromelain.” They comprise primarily a
mixture of at least five proteases including
bromelain, along with a wide variety of other
enzymes. Other enzymes that have been
identified include two acid phosphatases, two
peroxidases, alpha and beta amylases, cellu-
lases, and a number of specific dehydrogenases.

The production of stem bromelain typically

]

[Price 5s5. 0d.]

comprises crushing or pressing the stems, with
the addition of maceration water; treating the
juice thus obtained with a suitable reducing
agent to improve and stabilize the proteolytic
activity of the juice, for example, hydrogen
sulfide, sulfur dioxide, soluble sulfide salts such
as sodium, calcium or ammonium sulfide, so-
dium sulfhydrate, a bisulfite salt, or hydroxyl

‘amine; adjusting the pH of the juice to a value

snitable for precipitation, usually in the range
of 3.5 t0 5.5; and adding a precipitant which
does not denature or inactivate the enzyme and
does not contribute toxic or other undesirable
properties to the finished product, for example,
jow dielectric water-soluble organic solvents
such as acetone, methyl ethyl ketone, methanol,
ethanol and isopropanol, water-soluble salts
such as ammonium sulfate and sodium chlor-
ide separating the precipitated material by
filtration, centrifugation or the like; and then
drying the separated material. Typically, stem
bromelain powders produced in this way have
compositions  illustrated by the following
table:
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Type of Juice Tr eat ment Per G Per 100 m .* (1%

sol ution) Filtered juice St andar d 315

693 5. 80 Filtered juice Duolite

1050 1050 5.30 _ C 25
NH[ err] First acetone super nat ant St andar.d

175 315 5. 80 » 7 . Duolite
1400 840 5.30 _ , . C25

NHLer r ] ' Duolite 945 945
u.k - ‘|1;178,217’ C-25-Na- x Dm‘néerl es are based

-upon the origi nal vol une. Inproverrents are also.effected with regard
juice of proteins with |soeITéE‘t‘5r’i c points ranging - to. th,e gsh content of
the enzynme prepadodi®n and fordpitid oF BrBindald PSwdeld @ Sal t rich: =im smal | 20 5
As shown by Tabl e "BrepirdiicAdcartiing tBfencd002891 i ons tend _to. fornfcl ouds around
t hese col'loids of the preparation is. essentlallyff_e'sane in and

| essen the int 1.Q0, 0T the op € case of . Na+ as in the

St andard; the glra’rﬁte%re ch t’?ge col | Of%goiiz& ﬁ”"é&%“}gt her.  Such sofutions S
true as to K+. Atit peisptamse ey, haoevae0 APURper ar e corrpl etely clear. However,
when acet one enz reparati ggb a definite Kknown ca- is added to

t he sol ution, f%@%ﬁ%ﬁ%ﬁ“@s are f&?ce °25 10 tion which is i nportant for
nmany purposes. toggether to form a_-prgGigypt ate, the cal ¢cium and -On the
ot her hand, NH[errl(+ is by flar the best. other ions apparently being
trapped and bridg- - i'n produci. ﬁg‘éﬂ“grfﬁyne preparation having a ing
colloid particles {pgether eitherstosppkes.  high speC| fic .activity and
very low ash content.. insoluble particl€s or to cover ‘up the active

The results stat edMabove are probabt res/s. sites of the enzymes. This
theory is supportegd 30 15 pl aldtabl 94 |n Iarge part by -t he -conpl ex i'nterac-
by the fact B "~ tions taking place

bet ween t he organi ¢ col 1 oi'ds nay cause conplete bl ocki ng- of the acti ve
sites afy ﬁqﬁeGEHIren |W|W<ﬂlh@nJ uice. of the enzyne as

i || ust rat)fad bym:4 ngﬁmjg“‘mgm F“é‘t“f’c data show the presence in
stem ta

€

() One APU (PNP) represents the we:ght of enzyme which
will liberate 1 micromole of p-nitrophenol from p-nitro-
phcnol phosphate at pH 6.0ar37.5 °C in oné minutes time.
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:The wide variation of propertles and com-
position of such' powders makes it necessary
for the producer, before selling' the . product;
to blend together warious batches to produce
a blend having a protease activity and an .ash

level which falls within prescribed ranges. For
certain food and pharmaceutical applications,

and also for a greater range of blending stocks,
the producer needs to be able to prepare
bromelain preparations with either little or no
ash or else ash of uniform composition. To
a certain extent, the amount of ash can be
reduced by dialysis of the juice before precipi-
tation, but even wery extensive dialysis will not

- reduce the -ash level below 4%,.

The present invention resides in an mprove-

‘ment of the above prior methods which com-

prises subjecting the juice, prior to preciptita-
tion and preferably at pH in the range of 4.0
to 5.7, to ion exchange to replace the cations
present in the juice in the form of impurities
with selected monovalent cations, thereby con-
trolling the ash contnt of the final product
and unexpectedly increasing both- the specific
activity and the recovery of the enzyme as set

~ forth in detail below.

A typical process embodying the invention
is illustrated schematically by the accompany-
ing flow sheet. The pineapple stems or stumps,
gaﬂmedandbrought in ffrom the fields in any

desu'ed manner, are fed toa smtable roll press
1. The pressed residue from the roll press: is
usually discaided: The stem juice passes to a:
suitable vessel 2 where the desired reducing
agent is added, sodium sulfhydrate being indi-
cated in the present case, At the -same ‘time
it is desu'ablc to -adjust ‘the piH. of the juice’
to a ‘value in the rangeof 4.0 t0 5.7 in prepara-.
tion for the subsequent step of filtration ior
centnrfugatlon at 3. The precipitate, compris-
ing waste material such as starch, mud, debris,
ete, is discarded.
At this point, in a prior art process,-a” preci-
pitant such as acetone is added:"In processes

embodying the present invention, however, the -

ion exchange treatment referred to above gen-
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erally takes place at-this point. As shown in.~

the flow sheet, the supernatant liquor from the
filtration or centrifugation step 3 passes to a
suitable. ion exchange column or like unit 4,
the operation of which is described in greater
detail hereinafter. The purified liquor leaving
the ion exchange unit 4 passes next to a suit-
able wessel 5 in which it may be desirable to
readjust the pH to a value in the range of
3.5 to 4.5. At the same time it may also be

desirable to add certain additives such as po- .

tassium dlhydrogen phiosphate for a purpose
explained hereinafter. -
The next phase of the process, i.e.} precszta-
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tion of the enzyme by means of acetone or
the like, may comprise two successive precipi-

" tations; or alternatively a single precipitation,
- the wet '{)recipitate being eventually dried,

ground, blended if desired, and packaged or
otherwise stored ifor distribution and sale. The
accompanying flow sheet illustrates the more
refined two-step precipitation process in solid
lines and the alternative simpler one-step in
dotted lines. Referring first to the two-step
method, the liquor or juice from the vessel 5
passés to a vessel 6 where it is diluted with

" acetone amounting to 35—50%, by wolume of

the juice. This serves to precipitate most of the
undesired impurities, while leaving the greater
part of the enzymatic material in solution. The
precipitate, which is collcted by filtration or
centrifugation at 7, has relatively little enzy-
matic activity and is usually discarded, and
the supernatant passes to a vessel 8 where ad-
ditional acetone is added to increase the total
acetone to 62—70%, by wolume of the juice.
This further dilution serves to precipitate the
enzymatic material, now relatively pure, which
is collected and separated from the remaining
juice preferably by centrifuging at 9 after
which the wet precipitate is treated as already
described or in any other desired manner.

Also, as an alternative to conducting the ion
exchange step 4 before acetone precipitation
(as shown in the flow sheet), it may be per-
formed on the supernatant derived from the
first acetone precipitation and before the preci-
pitation of the enzymatic mterial by the second
addition of acetone.

AAlternatively in the simpler one-step proce-
dure, the liquor. from the wessel 5 passes to
& suitable vessel indicated in dotted lins at 10
in which it is diluted with the desired precipi-
tant such as acctone in the amount of
70—75%, by volume of the liquor, This dilu-
tion precipitates not only the enzymatic mat-
erial but also a group of natural maltose po-
lymers remaining in the juice, all of which are

_separated by the centrifuge 9 as a wet preci-

pitate which is then dried and ground. The
maltose polymers help to increase the solubility
of the finished product.

iAs already indicated, control of the pH of
the solution is important throughout the pro-
cess, and it is also desirable in order to achieve

maximum yields of good quality enzymes to .

effect rapid handling of the juice. It will be
understood from the flow diagram already de-
scribed that the pH range most desirable for
filtration at stage 3 and ion exchange at stage 4
differs from the pH range that is best for
enzyme precipitation at stage 8 or '10. There
is an overlap between the two ranges and a
substantially constant pH in this overlapping
range may be maintained throughout the pro-
cess, but for best results two adjustments of pH
as indicated by the flow diagram are preferred.
Pineapple stem juice contains a number of
relatively insoluble calcium organic polymers,
which can be removed at various points. If the

"pH of the juice is adjusted at 2 to 2 low value

in the range 40-—5.0 before it is filtered or
cetrifuged at 3, then most of these organic po-
{ymers remain soluble and pass through the
filter but precipitate out in the ion exchange
unit. This precipitate is soluble in base; it can
also be removed from the column by back-
washing prior to regeneration of the column.
iHowever, if the pH of the juice is adjusted
10 a high value in the stated range, say 5.5,
then some of these calcium organic polymers
become insoluble and are separated from the
juice at 3. iAccordingly, the precpitate in the
jon exchange unit 4 is Jess and the regeneration
of the column 4s a simpler operation. This is
an important practical consideration in many
cases which outweighs the accompanying dis-
advantage of baving to readjust the pH at 5
to the value desired for precipitation of the
enzyme. o :

'On the other hand, the activity and amount
of the enzyme recovered may be adversely
affected by the use of a high pH value. It
is therefore most important that if the pH is
adjusted to 5.5 for filtration and ion exchange,
these operations be carried out as expeditiously
as possible in order to minimize potential
losses of enzymes at this relatively high pH;
also immediately after the ion exchange treat-
ment is completed, the juice should be read-
justed to a lower pH in the range of 3.5 to
4fi. say pH 4.0. '

‘The following table illustrates the effects ob-
tained at different pH walues for filtration and
precipitation, both under the standard treat-
ment and with the ion exchange procedure of
the present invention.
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TasLE 3

_ Compatison of the Quality of Enzyme Produced by the Standard
) Procedure and by Ion Exchanging on NH,* or Nat “C—20” Columns

GDU
Per gm.  Per 100 ml*

Juice
Treatment

pH of a %

- %
Insoluble 1% Solution  Ash

Standard 245 140 49.6
NH, C—20 1155 200 >27.0 4.9 2.0
Na C—20 455 220 3.8 6.2

11.9 5.8

48.0

* Yield of enzyme activity inia dry powder form from one liter of juice.

TABLE 4

Comparison of the Enzymes made from either Filtered or First
Acetone Supernatant Juice which had been Ion Exchanged on
Nat or NH,+ Sulfonic Acid Ion Exchange Columns

GDU

Type of Juice Treatment

pH of enzyme

Per G. Per 100 ml.* (19, solution)

Filtered juice Standard

Duolite
C—25 NH,

Filtered juice

First acetone

supernatant Standard

Duolite
C—25 NH,

Duolite
C—25 Na

» 2 »

23 » »

b

315 ' 693
1050 1050

5.80
.5.30

175 315
1400 840

5.80
5.30

945 945 6.00

* Recoveries are based upon the original volume,

Improvements are also effected with regard

to the ash content of the enzyme preparation.

5 As shown by Table 3, the total ash content
of the preparation is essentially the same in
_the case of Na* as in the Standard; the same

is true as to K*. In either case, however, the
enzyme preparation has a definite known ca-

10 ‘tion which is important for many purposes.
On the other hand, NH,* is by far the best

in producing an enzyme preparation having a
high specific activity and very low ash content.
The results stated above are probably ex-

15 plainable in large part by the complex interac-
tions taking place between the organic colloids

and the calcium and like ions in the juice.
Electrophoretic data show the presence in stem

-sites of the enz

juice of proteins with isoelectric points ranging
from 4.5 to 1.5 In a salt rich medium small
dons tend to form clouds around these colloids
and lessen the interaction of the oppositely
charge colloids with each other. Such solutions
are completely clear. However, when acetone
is added to the solution, the colloids are forced
together to form a precipitate, the calcium and
other jons apparently being trapped and bridg-
ing colloid particles together either to make
insoluble particles or to cover up the active
ymes. This theory is supported
by the fact that the addition of calcium ions
may cause complete blocking of the active sites
gb }he enzyme as illustrated by the following
table.
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1,178, 217 9 Table 7 al so
shows that as a general rule, I nstead of reducing agents mentioned in the
the effectiveness of the invention in increasing prior art by way of
exanple, it is advantageots———the—total—recovery—of—enzyres—tends to
_be in- in some cases to use certain nore or less well versely proportiona
to the starting quality of known anti-oxidants. However, the ,action of

5 the stem juice. Wth Iom1'quality j ui ces anti-oxi dants is very

sel ective and many of 25 gﬁhe range of 8-12 GDU i, the’in- .them
are uﬁsai_l sfact ar y. far prot prillﬂzg t he vention pr nv? des

i nport ant benefits of enzynmes produced by the present |nvent|on

i ncreasing the total recovery of enzynmes while others nay be eerctlve but

undesirabl e -~ froma given volume of juice and for use§$§yed|ble
products because of toxic - 10 increasing the specific activity of -
enzymes effects. For, exanple, butylated Rydroxyanisole 30. as wel | .
Wth very high quali juiges, i. (BFVQ.gives very good results al ong
wi th ben- t_1o% wit® rioré thans:léz*'GDU/_m ., the total zoate ion, and
reduci ng agents. recovery may be ddqcreased sonewhat as shown In
addition to BHA, vitamin E and rel ateed ~ by tables 2 and 6, probably
because soneggrOAJ.toc pherol s are effectijve but are too expensive teins
are adsor bed n é} pgéci pBt ate which forl general use. Various other well
known anti - S {forfls $n< he i-sgn ®¥change unit. Nevert hel ess,
oxi dants hav prcgladﬁ effective or undesijrabl e ‘tabl'e 7 shows that
the specificgactig/jty of the because of gdverse effects on color,
deacti va- -4 on=exXchanged enzyne is ijncreased, an i npor- t|on of the
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[err] It may be desirable to use sugars such as One liter
of the first acetone supernatant gl ucose, fructose, sucrose, sorbose,
| actose and sol ution was passed over a colum of Duloite 65 the |ike,

instead Of [EFf], to inprove the C20 resin in the ammoni umform 1o one
solubility of the precipitated enzyne. In gener- volune of percglate was
then added an equal 5 al, the addi'tion’of one or nore such sugars vol une

of cold acetone to precipitate the en- i mproves both the solubility and
thes total ac- zyne which was w2l and dri ed. tivity ofs the
precipitated and drired enzyne Yierd = I.70 g. of II50°GDUg. enzyne 70
preparation, but the specific effectiveness of in- per liter of the first
acet one supernatant sol u- di vidual sugars may vary somewhats For ex-
tion. The ash content was 2% and the insol- 10 anple anong t &Yive sugars
| i sted above for ubles over 27% The enzynge contained 0% - ~purposes of
exanpl e, fructose, sucrose and sor- proteifjn as estinated fromthe biuret
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20 The follow ng exanples illustrate various the sodiumforminstead of

t he anmmoni um typi cal enbodi nents of the invention: - form
Yield = 4,78 g. of 455 CGDU/ 9. _epzynme 85 EXAMPLE 1
per liter of first acetone supernatant sol ution. Si ngl e stage acetone

precipitation.of brome- The ash content was 48% and the insol ubles

lain fromjuice which has undergone ion ex-~ 3.8% The enzyne contai ned 27%
protein as 25 change on a sulfonic anmonium ion ex- estimated fromthe

bi uret col or. Ychanger . 4,178,217 In both 9

exanpl es 3 and 4 theppri-of Siandakd, %Q,tﬁle&f 51;%%“ *%M@s odbdin the

pressed pi neappl €  tHeleBbcHRtbdsEofRe/ Bvedrich! i &e@&
were added 1.  Ofthe 2630 avbilryy of ‘he rcemdsrm etcmesto a mrtehr;tr el
and suffici ent r@“—b st a?ﬁ.’dﬂ% W@er bﬂﬁe@

o' e on: 58 6 g e iy :rtnerrnat e:r&::’ i o
cont ained 117% pr @&,&g I ent mvenuon,

di at omaceous ear t hincredsing mht hetablrmom _(nﬁl cnzym&s whlle others may - Ibe effectrve {27 undesmiﬁbn
bed vol umes of jyi Eemur et%t’eﬁerf{o s@fy juice d‘&‘ér 856 1 ADIS frodyesy becauses

Cesin in the 10 neihs TS AR of sl el b o Qs éﬁ%&’r@*? N
was adj usted Th @hobbSiE orl, Il,SthE)i:otﬁC tastl dediicin, Egemto
and the enzyne themecpremyanap bt decreaied cwhetatsmwsol uln dditign ®© amﬁrmdrelated

e pro- Is
W th two vol ume ?OPY Eblpwa?éxédgﬁ@:h% pxecqn gt)cﬁlv\rvi)uch-r %lgs§$nous %ﬁfeﬁﬁeﬂ
contai ni ng ' m in the ion exchange unit. Nevertheless, oxidants have provedm

NaSH per liter of Juukqeswmtmspee@ﬁcam){yetdxe—b&a&egfw @,dee@iwrre
filtered at pH 5. 5imrrachges creasqth gyl jmper-  tion pfethe prizyray ftoxgﬁenrms

The ash was 1. 29 Fﬁ% ne lﬁh"tu‘ﬁ*’ée“a’Fﬁernl OTW bl Wﬁsﬁg“of"ffﬁf CEW
15.5% and the éﬁt PPEE nfhe ac Ptngo? e percc?? e was- adj usted to pH

4. 0. phosphat ase | evel was 880 APU/G (:fee d- The-precipitation was
carried out in two steps -~ .dendumto exanpfm‘n for the properties of as
shown in the flow sheet, the fi Eftctiad ofaBHA R thel Adivity of : Bioamptiie nade by the
prior "standard" nmeth- tone con@@rﬁﬁraaﬂﬁ%rﬁebﬂvwﬂu@%w#nd 25%hd the sec-

od). - _ onq Vit /v -This final
concent rat ion 45 : EXAI\/PLF 2 . % & cZer %c&v‘{ of acetone
is at the upper-limt of the range _ Thetisf f ect6 mfantmjdedz[yem] in
solubiliz- shown on t he ; ' ni um

ion ex-  Yield =3.5g. o 5'4, changec?;ur ce.

per liter. The ash content waa oli1g% the | Nt13 ThgaGproceduroe was
simlar to that of Exam : . ity 50
ple 1 except that 5 g. of [err] were added 837 APU G tol liter of
percol at e. As previously indicated, rthecﬁﬁte&amigc \lhetrutdd Sih nmnlsyheﬁe‘{naﬁ% wheadhone

Yield 6. 2 1%' of ility oftt%gmei eeggep rgit?on, wit an ac- 9??‘ by mcreas1g conggntrau I"Q%I d

was 31 g. 45 companying loss in activity. When this occurs, acetone to 70.56%, by volume In the second
principally in the case. of NH,*, the disad- method materials can be added either to the 60

vantages can be reduced in either of two ways, juice before precipitation or to the wet acetone
i.e., by increasing the concentration of acetone precipitant so as to increase the solubility of
used for the final precipitation. step, or by the final preparation. One of the best materials
™. 50 ing certain solubilizing materials.. for this purpose is KH;PQ,, which is precipi-

In the first method, the increased acetone tated almost quantitatively at about the same 65
concentration precxpltates with the enzymes acetone concentration as i1s the enzyme. The
part of the non-protein colloids present in the effect of adding KH,PO, on total recovery,
juice. This results in a substantial increase in  solubility, and per cent ash is idllustrated in

55 the solubility of the enzyme preparation. As the followmg tablc



per liter of percolate. The ash was 37.6%the of 2000 GDU g, enzyme per
liter, and the insolubles 2.7% and the pH 4.4. The acid insolubles
14% 55 phosphatase |evel was 363 APU G The princi pal
advant age of thi S procedure 'n both exanpl s 1 and 2 the standard

is the better solubility of the enzyne, but it procedure.gave, 8.0 g. of
- 525 GDU/g. enzyne is obtained at the expense of a |ower specific 120

per liter of filtered juice. The ash was 43.6% activity. the

i nsolubl es 4. 1% and the pH 6. Q178 aci d EXANPLE 6 60
phosphatase Teverl vas 215 APU G The USe of a carboxyric cation
exchange ~ resin. If

i ncreased y| eld is the pri mary objec- .. . R o EXAMPEE 3

tive, this is one of the resins of choice. 125 Anmroni urh?fﬁbn exchange
treatnent of the ; 'Labo atory pressed pijnegppl e strem juice = first

acet one supernatant. . jm . V\:h'l CE &ontgl ned‘ 2 d. .of 70% NaSH per
liter 11782§E SR ER g8 12 and
whi ch had a pH-of 4.0 Whof ikt efeds ard < 5E\E AIMIS- '
45 - t hen passed over an | RC-84 col um |n=‘tg} I'n: the productl on of
enzym c materi aI s ~amponi um form The - coé Had been ‘ad-  contai ni ng

st em bronel ai n precipi{tating the jlus gtoﬂpHSSV\nth [err] The
perc- = enzymne- co tai nid watdridl from Jl cig & | ate was adjusted to pH
4.0 and a singl e+addi® pﬁ*essedafr"'omn c s higd ts ofthe famly - tion

of two vol umes of. acetong to ane of. per- cq— B@r:g i ace; the. -process which
conprises 50 | ate was made to preci plt"' I*@ enzyrre . passing the
juice prior to s& d prec{pitationin - T 183 d§704g of 1140 GDU g.

enzyne ion exchénge ré hEONaWitt h eanuni o [ex& per liter. The ash
was 17% and t he bnsolﬁ@ ¥ festnhavi ng ong n@re exchange cations-10
6% k| ' ' gle@tedfromthe group -
consi sting of [e'?ur] ~ Thus the yield|{ h,ebut this enzyne pre-
NA+, and K+, thgreby replacing cations. |5 ration differs fromthe

added,
tained 8
{f (-]

‘cony
val

v

ot her io'n exche ed rlzg gal by P Gsept Ny S§I‘-‘-doj uice with said ex-
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material. Still the total recovery of enzyne is tivity of the precipitated
enzymc material. 15 as good as that obtained by the prior standard 2.
The progcess defined jn.claim 1 iocluding nrocedure and the ash | evel
of the enzynme pre- adjusting the pH of the juice to a value in 60
paration si:s | ower. . the range of 4.0-57 prior to
the ion exchdnge

t r eat ments _

process defirdéd in claimi1,

EXAVPLE 7 3. The,
i ncl udi ng L178217 Thi s exanpl e illustratedithe

i mprovenment in  aeljds bl QGidbREroNtE Qfzard BRKjabli CeOdeOtitdr HAdhd! Girst Beedfle sipBthatnt
activity and sokhitdkd Ertiose Biichise) Gulbdsey latae and h @olutian gpes plﬁsetBEvexﬁla Bohhm‘ dirmllone 65
preci pitat I,J‘.Or othe dike, insteadnofRHPOR ‘feflm enerf t &*%On’@s“prl t he
enzynme conf’alsm zfé“ %&3 aggc'g ﬁ?‘:@} rzi,)ﬁ; jq%j I y
above.. e UoRICAS Sol b 1&6 and dned

wet acetone pr edvifyl tfathe pperipioaad e lﬂ&vmn tihéd ﬁl‘l ofg. tohél.'g()ui}bﬁlg ccnzyiwutzo
according to Ex8jpar l%fPUNEWCCFﬁF Eﬁ“éﬁ“’ ‘or B “@g ﬁﬁﬁ%‘ﬁ“’% i‘l‘

i nsol-ubl e matl@r ong év %ﬁ rsted Jé§ Egll l;?[%gl d'60° rom
the juice prior sésQ’fleﬁﬁiﬁ BOGRe,lsticond 18136~  pEdteinas e fréhi eblhﬁt&lbﬁ ShB e

di scarded. To t rhcw@i; @mmmﬁegé@g%ummgn@ 75

pitate 1/2 g. o %Pn’ BeTeag & ommey at'F GHOt St err] +
and the precis ?“gﬂﬁi‘ﬁﬁ ﬁ?}fﬁﬁéﬁ t&{ Rith apPesid € At pitating
medi umis one i &p%ﬁlﬂlﬁ @ik Yt enzyme (thli S Sodiagor ExChapifeCifehtiiedt JF Che Hrde | |

cont ai ned enougheoomupmhm Tesodpi¢, huttibidbe | @afetome blyemamtex- 30 npjsture 8®

di ssol ve the fr BY??‘E)‘E‘E&’ %@lycﬁﬁr@é‘ “&Fe sHhe urg gres Spilar 139, Egample 3

e résin col was converted. t
| noreasing_t b Porte i s O B SdublUfhe shdthrs FORATNceddCat| the amattin | C
activity of therypisempidnitedf GoZyeaden:— dudonsas pl aced in a vacuumdrier
and dried materi al

and decreaS| ng its ash cofigemt4.78 g of f45p GIUfmoenayme 85
6. A process accqy

and 2, the inc H}ﬁiesﬁﬂﬁaﬁ&:ﬁ %V\Qbﬁ pﬂl%ﬁcﬁgﬁﬁa? ggemso .;fgezfl

ITB@Edzﬁﬁ
this Exarrpl €25 . safgy bhat stﬂﬁﬂc&i‘tﬁ!ﬁ tecjufronmkmnfetcomarrprl sing [err]

@c Perempre effectivs in Shipevipg

ﬁnsal-u

or 80 of admls#g sugar |shﬂcon'§>se({ e to th ﬂlﬁamalﬁﬁhndw a?ﬂorsfandarﬂngo
[err]. The yi el em;mc ede? of 70p lﬁgofrl‘ ?h
subst an- E-m CE‘G bt th rf@ Faﬁuda/t m 1umtslua9/ym§en-

descri bed i n3¢ he4f’miee

lgsﬁltered witlh s hymﬁsmﬁmﬁt%ll?a(n @rokdie a$ rRsipdated| es

were 6.4% @m Sanvécqf wga mirpm thepiet splor. 40 It is to B
expressly underge ggm}'mfﬁa @’ Eﬁﬂfﬁ as herein d@ Lped with
reference to th form V'EHe aa«chsvasmsum@@s rHe tugChof @gel et Abdione & imt he

acconpanyi ng 3slr m/\pmngts and thd
MARKS & CLERK,

with e fredyraes of cgl @Eﬁtqae lged Hm ole
Chartered Pat enf‘“@pﬂtﬁ - of 1735 %ﬁ@/gf ngzy,ge d%ﬁi&%éﬂﬁeﬁm&]ﬁ giﬁ’t‘%mﬁi:

Agents for the

dr Gfl late. The ash was 1.2%,] thé €

O fice by thao Coslibles 1356smd tll;eglm tTbm a@pa, le@?@f ;percolave was adlusteﬁub PHst®ed b
the Patent OFfi faosphatese deyey or' i Epmpemes‘ﬁg Biseipitation yyag carrieds qui i i, pepR

endum to example
enzyme made by the prior “standard” meth-

tpmmhaswbhb:@wamhb eguadnd t hat

em ]uLCC contammg

I'Ehsery

ghown in thelAN eet, the first at an ace-’ 105

tone concentration of 44 5% v/v. and the sec-

od). ond at 70.6%, v/v. This final concentration
45 EXAMPLE 2 - of acetone is at the upper limit of the range
The effect of added KH;PO, in solubiliz- shown on the flow sheet.
ing the enzyme made from ammonium jon ex- Yield = 3.5 g of 1540 GDU/g. enzyme 110
changed juice, per liter. The ash content was 1.8%, the in-
' "The procedure was similar to that df Exam— solubles 7.6%,. The acid phosphatase activity
50 ple 1 except that 5 g. of KH,PO, were added 837 APU/G.
to 1 liter of percolate. In contrast, when using only 57.5% acetone
Yield = 6.0 g. of 1120 GDU/g. enzyme in the finel precipitation, the yield was 3.1 g. 115
per liter of percolate, The ash was 37.6% the of 2000 GDU/g, enzyme per liter, and the
insolubles 2.7%, and the pH 4.4. The acid insolubles '149,.
55 phosphatase level was 363 lABUﬁG The principal advantage of this procedure
In both examples 1 and 2 the standard is the better solubility of the enzyme, but it
procedure gave 8.0 g. of 525 GDU/g. enzyme is obtained at the expense of a lower specific 120
per liter of filtered juice. The ash was 43. 6 A, activity.
the insolubles 4.19/, and the pH 6.0. The acid EXAMPLE 6
60 phosphatase level was 215 APU/G. The use of a carboxylic cation exchange
resin. If increased yield 1s the primary objec-
ExAMPLE 3 tive, this is one of the resins of choice. 125

Ammonium jon exchange treatment of the
first acetone supernatant.

Laboratory pressed pineapple stem juice
which contained 2 g. of 709, NaSH per liter



copi es may be obt ai ned.
1,178, 217

whi ch had a pH of 4.0 was filtered and

45 t
production of enzymc materials
had been ad-

12
12
VHAT WE CLAI M IS -

and

ammoni um f or m The coI umm

containing stem bronelain by precipitating the

[

Justedto pH 5.5 with [err]. The perco- enzyne-containing material from
juice ex-:- 5 late V\@SUs’:\ﬁ_]yUSt ed to pH 4. 0 and a singjge addi -
. press f two.
 vol unes a@pd which Basea pB %gg “’%‘F‘Hﬁg r.ocess whch
hen sed over an I 4 col &ﬁﬁ:&%
Conprl Se um form. The COlllmn had ('unun 11 &m;o :ﬁ T enz’yrre
passi ng t:ﬁﬁdh Hespmtgrmensarh PRECI tnidg) material from )u1ce ex- PA¥Id =
7.04 gs dafte umtbgﬂmm aBingle mdx-ex;ehacdgmem ehﬁtecbrplamstdﬂ 1) faxmly exchange
per | it ertion gfymo wolymegpfacciop ?:PftPFF@'l rBsenpelitcras they proreps nor e
exchange s eto precip itate passing the Juice pnorto sai precxp non m .
of 1140 GD - Unz 1:W relaton with an jon exchange :
sel ected pExrlﬂéI‘l 'Uvﬁl«ll?‘}’cﬁﬂ sbl s0 I ﬁ/‘iﬁ one or more exchange cations 1hus the
yi el d 10s swhed fmndthelg:ouptcbwmhwf NHpl acing

i.gh, but this enz rre re-
S@F?us the yxeld is high, but 2 ¥

cations 0) d thls r sent in said %::e Em rc%tmaf &Changed
nat ural | g‘él Bhns and increasing the specific ap1ZY MBS 1 1
havi ng ma.iaenas tdmrr&w ang:@n ﬁﬁ‘Emﬁp&‘&ﬁﬁérﬁg the specific
ac- 15 asgood as thatobta:naitlarth@ﬂnor Sandhrd t ha. Ttmipadcessaﬁnnder lmf‘l, echz s tivity
of the pmqyxetﬂp‘i@aaséﬁﬁzg}ﬁf the ppgemeTrey| | adjusting the pH of the g d%a‘s Ohat

obt ai ned Y "PHEB¥i or standard - .. 2. %%"%78%%% 3ioF RRepgs m 1,

i ncl udi ng . @xampLE 7 Pr ocedure

adj ust_j ng Thiscexghploflustrires theimpedviigen

| O{Ner 20" Yol activity and sohxb:hgrl obtained by the
h addition of sugar to- the precipitated’ enzymes

EXCNANGE 44 giready described generally sbove. - .

tr eat ment .To 10 g: of wet acetone precipitate prepared

3.
|IIust F@?ﬂd%

20 tota ,tﬁg?,l/yrty,f
bef ore prweﬁ:winmﬂne@fw

%g%?ayga? it

pr eci I%I tahlewgeﬂiz mBltatﬁtSh@m pnoygh

as al a nmy resg%emggd 'mﬁe

claim 1, dhéq L&fﬁu in a vacuum drier and dried
for 24 hours.

iAs compared with Examples 1 and 2, the

35 results of ﬂns ‘Exa:mple 7 show that the effect

of adding sugar s comparable to that of add-

ng KH,PO,. The yield in' Example -7 was

4 5 g: of 1600 GDU /g. enzyme per ‘liter, the
ash was 0.9, and the insolubles were 6.4%,.

. It is to be expressly understood that the in-
vention is not restricted to the details of the
‘foregoing description and examples and’ that
reference should be “had to the appended
'clalms for a deﬁmtmn of its lnmts

e

4, The process deﬁned in clalm 1, including
adjusting “juice - to about

ﬂﬁeﬁm ‘ ’mﬁ"i“"t”ﬁu}

i the - fuie rhaif iow

9peclﬁc ‘activi
material and decreasing its ash-content.

6. A process according to claim’S, which
includes the step of adding to the precipitate
a solubility mprover compnsmg KHzPO or
sugar.

7. A process according to claim 1, substan-
ually as described in the foregoing Examples

‘8. 1A process according to claim 11, substan-
tially as herein described with reference to the
accompanying drawing. -
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To 10 g.
juice to about

resul ting slurr¥
treatment. 70

was centri- fromthe j

fuged and

of wet acetone precipitate prepared adjusting the pH .of the
: according to Exanple 1, 100 m .
5.5 and then separating insoluble nmateri al

etone discarded. To the

of acetone’
25 were added. The

the Qrior to i on exchange 12

preci -
1/ 2 qg.
t he preci-
pitating nmedi um i
precipitate still
ex-

are sol ubl e,
residue. This
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A process accordi
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It is to be expressly understood that the in-
vention is not restricted to the details of the
foregoing description and examples and that
reference should be had to the appended
claims for a definition of its limits.
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7. A process according to claim 1, substan-
tially as described in the foregoing Examples.
8. A process according to claim 1, substan-
tially as herein described with reference to the
accompanying drawing.
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