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America,  in "The Enzyme for the Isomerization of of International Plaza,
Englewood Cliffs., Ne-v  Glucose",  in  the  Japanese  publication 5
Jersey 07632, United States of America, do  Dempunto Gijtasu Kenkyu IKaiho
32, 81- hereby declare the invention, for which we  88 (1965). pray. that a
patent may he granted to us,    When the enzyme preparation is derived  55
and the method by which it is to be per-  from. a microorganism  of the
Streptoinyces formed, to be particularly described in and  genus, the rate
of leIulosC formation by the 10 by the followving statement:---
enzyme is much greater at 70C than at This invention relates generally to
enzy-  60'C. However, at pH  6.2, some of the matic isomncrization. More
particularly, the  advantages of conducting the isomerizadon at  60
invention relates to improvements in con-  the higher temperature are.
lost, since the tinuous.. isomcrization techniques.        slightly acid
pI-1 reduces the rate of levulose 15    The enzymatic hydrolysis of starch,
for the  formation and reduces enzyme stability. In production of corn
syrup and corn syrup  fact, neither the 70'C operating temperature. solids,
is routinely conducted on a commer-  nor the slightly acidic p1I are
conductive to  6.5 cial scale to produce hydrolysates at D.E.  enzyme
stability. values . in excess of 95, utilizing what are    For effective
batch  isomerization, con- 20  essentially batch techniques.
tinuous mrixing of the starch hydrolysate soln- The reported investigations
of the enzy-  tion  (syrup) is  necessary. Unfortunately, matic
isomerization of dextrose and of starch  when cells are used as the source
of enzyme  70 hydrolysates, for the production of levulose-  activity, the
mixing action apparently imposes bearing  products, have  generally
utilized  shear forces on the microbial cells that con- 25  batch
isomerization techniques. An exemplary  tain the enzyme. When cells are
ruptured, the. batch isomerization, for example, might be  cellular fluids,
including the enzyme, are conducted in a stirred tank reactor at a tem-
released  into  the  solution. The  enzyme  75 perature of about 70'C and
at a pH of about  appears to be more susceptible to inactivation 6.2, for
an isomerization period of from about  under these . conditions, than
cnzyme . that 30  40 to 60 hours. The enzyme dosage and con-  remains
wvithin intact cells. version temnperature are selected to obtain a    Some
consideration of the effect of tem- desired levulose content in the end
product.  perature on isomerase has been reported in  80 - The pH of the
syrup would be maintained at  the literature. For example, two of the
pioneer. about 6.2 by either continuous or incremental  workers in the
field, N. Tsumura and T. Sato 35  additions of a basic material, such as
sodium   of the Japaniese Food Recsearch Institute, pub- bicarbonate,
during isomnerization..       lished a series of papers entitled.
"Enzymatic The ..selection of optimum  operating con-  Conversion of
1)-Glucose to D-Fructose". In  85 ditions, for batch isomerization, is not
easy. . parts V and VI, which appear in Agr. Biol.   - One initial variable
that can be fixed, to some  Chem. 29, 1123-1128 and 1129--1134, res- 40
extent, is the particular enzyme preparation  pectively (1965), they
describe the effects of that is employed. Isonierase enzymes have
temperature on an isomerase obtained frorm, their.own individual
characteristics and those  Aerobacter cloacae. They found . that this  90
derived from different microoroanisms cannot  enzyme lost the majority of
its activity at be considered to have the same optimum con-  800C in the
presence of magnlesium and at 45 ditions for action. For example, each
enzyme  900C in the presence of cobaltous ion. With- preparation ordinarily
will be found to have  out the presence of stabilizing metal ions, its own
optimum pH, optimum. temperature,  exposure of their. cnzymc to a
temperature of  95 metal requirement, temperature, stability, and . 70'C
for a tce-miinute period resulted in   
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1,447,2746 A1 very substantial loss of enzyme activity. The   Because of
the plethora of terms that are in addition of stabilizing metal ions
enhanced  common use in the art, a few definitions are heat tolerance, but
even so, enzyme in.activa-  made to simplfy the present specification and
tion could be observed at about 800C.         permit it to be more concise.
5     An  article  by  Yoshimura, Danno  2nd Natake, of Hyogo University,
Japan, appear- ing in Agr. Biol. CThem. 30 (10), 1015-1023   D.E.: :
(1966), entitled "Studies on Glucose Isomer-    The term  "D.E." is an
abbreviation for izing Activity of D-xylose Grown Cells from   "dextrose
equivalent", and these terms are 10  Bacillus coaglons, Strain HN-68",
reports  used interchangeably to refer to the reducing the effect of
temperature on the iso-merase  sugar content of a material calculated as
dex- enzyme  from  their source microorganism.  trosc and expressed as
percent of total solids.  75 Maximum activity after two hours incubation
was observed at 700C. Maximum  enzyme  Starch Hydrolysate: 15  activity
after twenty hours incubation was    The tenn "starch hydrolysate" is used
in a observed at temperatures in the range from   general way to refer to a
syrup or dry pro- 60C to 650C. Above 700C, substantial in-  duct that is
made by the hydrolysis of starch. activation of the enzyme could be
observed  Such a product may be made by acid or  60 after two hours, and
when operating tein-  enzymatic hydrolysis, or by a combination of 20
peratures for given enzyme dose batches were  acid and enzymatic
hydrolysis. A  preferred compared  after  twenty  hours, substantial  type
of starch hydrolysate for use for isomer- enzyme inactivation appeared to
occur above  ization in accordance with the present inven- -  65 C.
tion is produced by acid or enzyme thinning  85 In the Journal of Food
Science and Tech-  to a D.E. of 10 or less, followed by enzymatic 25
nology  (Nipon  Shokuhin Kogei Galhkaishi)  sacchariflcation to a D.E. of
at least 95, and 14 (12), 539--540 (1967), N. Tsuinura and  preferably
above 97.5. M. Ish'ikawa, in "Continuous Isomerization of Glucose by a
Column of Glucose Isomerase",  Glucose and Dextrose: described  a
continuous isomerization  tech-    M4edium   D.E.  starch  hydrolysates
are  90 30  nique in whicl a purified isomerase enzyme  commonly referred
to in the art as "glucose", sample, derived from a strain of Streptomyces,
whether the starch hydrolysate is in the form was anchored on a
DEAE-Sephadex ("Sepha-  of a syrup or in the form of solids. The term dex"
is a Registered Trade Mark) bed in a  "dextrose" is commonly reserved for
the re- column, to immobilize the enzyme. A glucose  fined crystalline
monosaccharide that is re-  95 35  solution was then passed through the
column.  covered from a high D).l3. starch hydrolysate, The column was
heated by warm. water at  or for D-glucose as a constituent of starch 60cC,
which was passed through a jacket. An  hydrolysates. As used  hereafter,
the termi eventual reduction in enzyme activity was  "dextrrs" ewi1 be used
to embrace this mono- observed, although the authors wcre not cer-
sacchaide in ay form, in solution or dry, 100 40  tain whether the decrease
in observed iso-  as a constituent of a starch hydrolysate syrup,
merization was caused by enzyme inactiva-  syrup solids. or in refined
crystalline forn. tion or by leaching of the enzyme from the column.
Fructose tnd Levulose: More recently, in a paper appearing in the    The
terms "fructose" and "levulose" are 45  text, "Fermentation Advances",
edited by D.  generally  employed  interchangeably  in  the  105 Perlman,
Academic Press, 1969, beginning at  art to refer to a particular isomer of
dcxtrose page 561, Dr. Takasaki and his associates  that. is sweeter than
dextrose. This isomer from  the Japanese Fermentation  Research  is found
in honey and in invert sugar, along Institute have described a continuous
column  with dextrose, and it is valuable because of its 50  isomerization
and have characterized the heat  sweetness. The term "Jevulose" will be
used to  110 stability of an isonierase enzyme derived from   refer to this
monosacclharide. a particular strain of Streptomyces. They observed  enzyme
inactivation  after  ten  The enzyme: minutes at temnperatures above 70'C.
The enzyme that isomerizes dextrose to 55    One object of the present
invention is to  levulose has been referred to in the art by. provide new
and improved practical tech-  several names. It is referred  to  in  the
115 niques for conducting the enzymatic isomer-  Marshall patent,
2,950,228, as xylose isomer- ization of dextrose to levulose on a con--
ase, because it isornerizes xylose to xylulosc. 



tinuous basis.                                This activity is in addition
to its ability to 60    Another object of the invention is to pro-
isoircrize dextrose to levulose. It has also vide practical processes for
the isomnerization   bnxxl referreAd to in the art as dextrose isomer- Iff
of starch hydrolysates or dextrose solutions   sce and glucose isomerase.
The term "xYlose -  to levulose-bearing products, that are moote
isomerase" will be used herein, since investiga- attractive for commercial
cexploitation  than  tions have revealed that xylose is tie nawrat 65
prior art processes. .                        substrate of the isornerase.
:   1   3                                    1,447,246
3 Enzyme preparation:                          levulose therefrom until a
decrease in enzyme The term "enzyme preparation" is used to  activity
becomes apparent;                      60 refer to  any  composition  of
matter that    2. subsequently increasing the temperature exhibits the
desired xylose isomerasc enzy-  at which the solution of dextrose makes
con- 5  matic activity. The term is used to refer, for  tact with the
xylose isomerase enzyme pre- example, to live whole cells, dried cells,
cell  pararion  by  at least 5'C. such  that the 0
extracts, and refined and concentrated pre-  activity of the enzyme is
enhanced; and         65 parations derived from the cells. Enzyme pre-
3. a second process phase in which the parations may be either in dry or
liquid fonn.  process is continued at the higher tempera- 10  Since this
invention is concerned with con-  ture. tinuous processes. the enzyme
preparation       1:referably in the first step the temperature '5
will always be employed in some immobilized  does not exceed 70'C. and in
the third step  70 form. For example, the enzyme preparation  800C. may be
dispersed in a starch hydrolysate sclu-    In greater deail, in one
preferred mode for 15  tion, but may be retained in that solution,
practising the invention, the process involves while desired end products
are selectively per-  subjecting a stream  of a solution containing mitted
to discharge from the solution through  dextrose  to the action of an
inmnobilised  75 a selective membrane by ultrafiltration tech-  enzyme
preparation at a pH  of at least 7.0 tiques. Alternatively, the enzyme
preparation  and preferably in the range from pH 7.5 to 20  may be bound to
an insoluble matrix. The  8.5, and at a temperature level of at least three
principal methods for binding enzymes  50'C. but that is at ]east 10'C.
below the to matrices are by ordinary covalent chemical  temperature at
which rapid inactivation of die  80: 25       1             linkages, by
adsorption, and by entrapment of  enzyme occurs, during an initial
isomerisation the enzyme within a gell lattice having pores  phase. For
enzyme preparations derived from 25  large enough to allow the molecules of
the  microorganisms of the Sireptomyces genus, substrate and of the product
to pass freely,  ordinarily die temperature above which rapid but small
enough to retain the enzyme.        inacrivation of the enzyme preparation
can be  85 observed is about 70'C., so that the preferred 90        !
operating temperature duiing the initial phase |Units:
of isomerizalion is about 60'C or lower, that All parts and percentages are
by weight,  is, preferably 50 to 65C  more preferably 30  and on as is
basis, unless expressly stated  50'C to 600C. At temperatures in the range
90 to be otherwise.                              from  50'C to 60'C, some
enzyme inactiva- 95        I
tion occurs, but the rate of inactivation is low  relative to the rate of
inactivation at Isomerase unit:                               70'C. After
some material loss of enzyme i              One isomerase unit is defined
as the amount  activity is observed afte: operating in the  95 of enzyme
activity that is required to pro-  range from 50'C to 60'C or so, the
tempera- 100                35  duce one mnicromole of levulose per minute
ture is raised  at least about 50C, either under the isornerization
conditions described  gradually, in increments of 2'-3'C  or less,
hereafter under the heading. "Assay of Iso-  as needed to maintain thei
desired ketosc level merase Activity".                             in the
product, or alternatively, the tempera- 100 ture may be raised at least 5'C
in a single Streptomyces:        t                        step. Preferab!y,
however, the increase in 105       I        40    This term   refers to a
genus of micro-  temperature for the second phase of opera- orgarrnsms of
the order of Acutnomycetales.  tion  is  at least about  W0CG, preferably
These microorganisms arc aerial myceliurn-  through gradual or incremental
increases in  105 producing actinornycetes. The genus is well  operating
temperature. recognised. Some of its important distinguish-    Among the
objectives and advantages of 110                45  ing characteristics are
described, for example,  the  present invention  are  better enzyme 



in the text. "The Actinomycetes", by Seiman  stability, more desirable
carbohydrate content A. Waksman, The Ronald Press Company,  of the
isonmerized product, improved efficiency  110 New  York, 1967, page 135 el
seq.             as compared to batch conversions, and opera- The  present
invention  provides a con-  ting economy. 50  tinuous process for the
enzymatic isomerisa- 115                    tion of dextrose to Jevulose
which process comprises                                             Assay
of Isomerase Activity 1. an initial process phase in which a con-    The
assay procedure involves making a tinuous stream  of a solution of dextrose
is  spectrophotometric  determination   of  the  115 55  passed into
contact with a *-,lose isomerase  ketose  produced  from  a glucose
solution lEN       'enzyme preparation, as hereinrbefore defined,  under a
standardized set of conditions. at a temperature not less than 500C. and
A stock solution is made up in the follow- collecting the effluent solution
and recovering  ing manner:    4*
1,447,246 ,                                          4 TABLE I
After fermentation, magnesilrn byd Oide j
Stock Solution for Assay -was added to th-c fermenter broth in the r.arto
55 '  Component            Atrount               of two parts by weight of
nognmcsium ,dzoui- Amount               ide for eachi one part by wighit of
tof  eC.'.; 0.1 M  MgSO., 7110       1 ml.                mass in the
broth. The sluri-w thus o iLre'1 5   0.01 M CoCi. 611H0       1 ml.
was filtered, and the filter cake-> was then dr2(cd -  1 M  Phosphate
buffer,   0.5 ml.-             in an open pan at room  le-nmeraturc. 'I hi,
60 pH 7.5                                      activity of the (ry enzyniet
preparatIon1U  1!ius Anhydrous D-glucose    1.44 grams             obtained
was 330 units per i~rt n. ,  I                    ,Distilled water
To make up a total      T          .ya.nc piepalia ;vax UJS )CIsl 10
-. volume of 7.5 m.in].                      cdr  n fin .a 50%  W/V
solution ei  k:xnrose. Tire The enzyme preparation to be assayed is  slurry
was  then  placed  in  the  jacketed  65 first   or             as neces-
~~~~~~~column, and as the slurry w;i5 added to-. tlee first sonicated Gr
otherwise treated as neces-column,  all  gas beas, ;iproztnatei;y sary to
put the enzyme in a form suitable for  moluin diame  were ads;fl.
ltfrousiy. assay and then is diluted to contain from I to ;   15  6
isomerase units per ml.                 l'ne glass beads served as a si
upport and also An enzymatic isomerization is conducted  prevented the
enzyme preparer ion from pack-  70 by. adding 1 ml. of the enzy me
preparation  ru  and thu1s luing up the column In this to 3 ml. of the
stock solution, and incubating  fashion, approximately  7S)  uits  of  the
for 30 minutes at 60C. At tie end of thl  enzyme were charged to the
column. 20-: incubation period, a 1 ml. aliquot is taken and  A dextrose
syrup at 50%.'l\ W/V conceltva- quenched in a 9 ml. volume of 0.5 N  per-
toil vwas adjustCd to a pI- in thLC tang  fioi3  75 chloric acid. The
quenched aliquot is then  7.0 to 7.5 by adding magnesiurm  hydroxide-.
diluted to a total volume of 250 ml. As a con-  The syrup was sparged with
nitrogen, and trol, for comparative  purposes, a glucose  was then fed to
thri top of thc column under 21.  blank is also run by substituting 1 ml.
of  a nitrogen atmosphere. water for the 1 ml. of the enzyme preparation.
The isornerized product was collected in  80 in solution form, at the
beginning of the in-  aliquots of 15 ml., in test tubes. The test
cubatibn.period.                              tubes each contained about 5
mal. of 0.5 N a -                    ThM  lcetose  is  then  determined  by
a  perchloric- acid to inactivate any solubie iso- 30.1- cysteine-sulphuric
acid method. For the pur-  rnerase that might be present in the product.
poses of this assay, one isomerase unit is    The temperature of the
colunui was main-  8S defined as the amount of enzyme activity that  tained
at about 60'C during an initial phase is required  to produce one micromole
of  of operation. The flow rate of dextrose solu-. levulose per minute
under the isomerization  tion through the coluimn was maintained at a lt m
55., conditions described.                         substantially uniform
rate, and the ketosc conl- The invention will now. be illustrated, by. tent
of the effluent was 40%  to 50%  on a . 90 the following Examples.
dlry solids basis. EXAMPLE  I                       TThe isomerizalion was
conducted in .this Continuous Isomerization Utilizing a       manner for
nine days before a substantial * 2   40   Fixed Bed of Microbial Cells:
decrease in enzyme activity became apparent :
Single Step Temperature              2 as evidenced by a dropping off in
the ketose  95 



:  .   Adjustment             value observed in the effluent. During that ;
tFor this demonstration of the invention, a  initial phase of operation,
the average ketose ,              :  ijacketed colurmn was used. The jacket
was  content of die eluent was 38.7%. 45  connected to a source of hot
watcr, for con-    At the end of this initial phase. of opera- trolling,
column temperature during isomer-  tion, the temperature of the colunrru
was in- 100 ization.                                      creased (from
the initial level of 60C) to A;                  -A  strain  of  a
microorganism . of  the  70$C in a single step. Isomnerization was then
Streptomyces genus, that is recognized as a  continued, at tire increased
temperature, for 50  good isomerase producer, was grown under  an
additional period of 24 .hours. Tlhe ketose submerged, aerobic conditions
on a medium   content of the product averaged out at about 105 containing
xylose, to  produce intracellular  49c,%, for the second phase of
operation. Tile. *i                isomerase.
results are surmnarized below.in Table 2. r~
.             .    * - ..a~~~~~~~~ia...O~~~~~~ MV*--  J.  ~~~~~~~~~  *..
-...... . 4                                                         1 .  -
,447,246 TABLE 2 o  55
Continuous Isotmerization: Single Step Temperature Adjustment ;
Output of approximately 42% d                  5
d.b. Levulose Product e  60
Throughput Bed   (lbs. d.s. per cu. ft. of bed) Temperature   Volumes
Expected at Time Days       C         per hour          60C
Obtained 4           ,                      1           60            1.27
951             951 a           !     10               2            60
1.27             951            951 -1  65      1                       3
60           1.27             951            951 Ce.
4            60           1.27             951            951 2 3   .  |
5           60            1.25            936             936 6
60           1.17             876            876 15               7
60           1.10             823            823 .70         1
8            60           1.03             771            771 s           t
9            70           1.65             734           1235 2.      1
10            70           1.65             681           1235 IWhen the
isomerization was repeated with an enzyme preparation prepared from  a 20
mixture of diatomaceous earth with the microbial cells, closely comparable
results were x.75       1          obtained. I.  -~~~~~~~~~~~ r           j
iEXAMPLE 2                       Water at 60C  was passed through the
Continuous Isornerization Utilizing a    jacket of the column. A solution
containing Fixed Bed: Small Step Tem-            500 grams d.s. per litre
of 95 D.E. starch 80              25             perature Adiustments
hydrolysate containing  920%1 dextrosc, dry i           Intracellular
isomierase was produced by  basis, adjusted to plI 7.8 with mragnesiurm  50
*  I      growing a Streptomyces culture under sub-  hydroxide, was
supplied continuously to the merged, aerobic conditions on a xylose-con-
column, using pressure to control th-e flow 85        taining medium.
rate. The flow rate was adjusted to maintain 1 20    At the  end  of  the
fermentation, di-  42%,;, (dry basis) levulose in the effluent from
atomaccous earth filter aid was added. to the  the column.
55 fermentation liquor in the ratio of 2 parts of    Aftcr 6 days of
operation, the output volume the filter aid to 1 part of the microorganism
rate had been dropped to 66% of the original cells, dry cell weight. The
cell-diatomaceous  value in order to maintain tfhe 42%  (dry 90
35  earth mixture was separated by filtration,  basis) levulose content.
Thereafter, the tem- washed, and dried, for use as tile enzyme pre-
perature was increased periodically, as shown  60 paration.
in txie table, to maintain the output rate of This enzynme preparation was
suspended  42% levulose product at not less than 66% of 4   il dextrose
solution and fed into a jacketed  the original output rate. As shown in the
95       1      40  column. The lower outlet of the column was  table, the
total output quantity obtained in a connected to a vacuum  source to
obtain, a  period of 14 days by means of the increase  65 



compact bed. When filled, the column con-  in temperature was 41%  greater
than the tained 22 lbs. (dry weight) of the enzyme pre-  total output which
would have been obtained paration (i.e., the cell-filter aid mixtute) per
had the temperature been held constant at 100             45  cu. ft. of
column volume.                    60%C. 105    1,449,246; TABLE 3 -Fixed
Bed Isomerization with Small Step Temperature Increases Output of 420/%
d.b. Levulose Product (lbs. d.s. per cu. ft. of bed) 5             Days
Temperature C      Expected at 60C         Obtained 1                   60
787                   787 2                   60                 787
787 3                   60                 787                   787 4
60                 787                   787 10              5
60                 622                    622 6                   60
516                   516 7                   62                 418
590 8                   62                 343                   516 9
62                 286                   516 15             10
64                 233                    509 11                   64
187                   509 12                   66                 158
473 13                   68                 127                   674 14
70                 106                   622 2.0
Total 6144                  8695 EXAMPLE 3                    batch
isometization is to provide a compara- Batch isomerization Comnpared to
tive basis for the continuous isomerization. Immobilized Fixed Bed
A separate portion of the same enzyme pre- Continuous Isoierizetion
paration is also employed as a fixed bed , A' f.ao  is.couctewitamir
en7yne source, for conducting a continuous  40 25    A. fermcntation is
colducteo with a micro- isomerization. Average residence time in the
organism of the Sireptomyces geius, in a cul-  column is benv.c. one and
two hours at plI ture rnediurn containing xylose, to produce  8 isomerasc
The cells arc recovered froa the    The batch isomerization is conducted at
fermentation. broth by adding diatomaceous  700C. The continuous
isomerization is con-  45 30  earth to tbe fermentation broth aiid
filtenng.  ducted at 60C ovcr an initial period of time, A portion of the
wet filter cake is utilized  until substantial inactivation of the enzyme
is as an entyn-o. preparation for conducting a  observedl, whereupon the
cOlUmin  tempera- batch isomicrization with a 95 D.E. corn  ture is raied
to 700C. starch hydrolysate. Residence time in the    The results are as
reported in Table 4, 50 35  stirred reactor is 50 hours at pH 6.25. The
below. TABLE 4 Batch vs. Coliumn Isomerization of a 95 D.E. Ilydrolysate
Batch, 50 hrs., pH 6.5     Feed        Isomerisate    Difference 55
Ash, % d.b.                  1.0          1.8          0.8 Org. Acid, /,
d.b.         0.05         0.08         0.03 Colour                      4
200           196 Column, 1-2 hrs., pH 8     Feed        Isomerisate
Difference Ash, % d.b.                 0.5          0.6          0.1 60
Org. Acid, % d.b.           0.03         0.04          0.01 Colour
4           11            7 The batch isomerization is conducted at
process, and the comparison is highly favour-  70 pH  6.25 because at pH
values above 7.0,  able to the continuous process. during the long
residence time that is required    In terms of enzyme economy, the con- 65
for the batch process, the carbohydrate corn-  tinuous process is much more
efficient and position of the end product tends to be some-  involves the
usage of a much lower amount what undesirable. The conditions employed  of
cnzyme activity per unit of levulose pro-  Y5 



for this comnparison are believed to be reason-  duct produced. ably close
to the optimum for each type of    The invention can also be practised suc-
6     {      7                                            1,447,246
7 cessfully with enzyme preparations of a dif-  process of the present
invention, but no claim ferent kind, although generally, the use of  is
made herein for the subject matter claimed -         intact cells is
preferred. Thus, in another  in  Application  No. 46081/73  (Serial No.
demonstration of the invention, dried intact  1,447,245). 5  cells are
converted to fine powder in a W5;;aring blender. A buffer solution is
prepared by dis-    WHAT WE CLAIM  IS:-                      70 ',
solving  a small amount of the surfactant    1. A continuous process for
the enzymatic Tween  80  in  a  1.0 M   glycine solution  isomerisatien of
dextrose to levulose which ("Tween" is a Registered Trade Mark). The
process comprises 10  buffer solution is adusted to pH 8.0 by add- ing a
small amount of sodium hydroxide. A         1. an initial process phase in
which a * I|       slurry is then prepared by adding 200 grams
continuous stream of a solution of dex-  75 of the dry, fine powdered cells
to 1,000 ml.        trose is passed into contact with a 1   of the buffer
solution. The slurry is then fil-     xylose isomerase enzyme preparation,
15  tered. 793 ml. of filtrate is recovered, having     as hereinbefore
defined, at a tempera- an activity of 17.5 units per ml.
ture not less than 500C. and collecting One part of this enzyme solution is
then          the effluent solution and recovering  80 !          anchored
on a porous glass carrier having a          levulose therefrom until a
decrease in high surface area and reactive silanol groups,      enzyme
activity becomes apparent; 20  as described in U.S. Patent No. 3,556,945,
2. subsequently increasing the temrpera- granted January 19, 1971. A second
portion          ture at which the solution of dextrose I           of the
solution is absorbed on activated char-      makes contact with the xylose
isomner--  85 coal granules. Both forms of the enzyme can         ase
enzyme preparation  by at least then be employed in practising continuous
5C. such  that the activity of the 1a-                 25  isomerization in
accordance with the inven-          enzyme is enhanced; and tion, utilizing
the general techniques des-       3. a second process phase in which the e-
.cribed above.                                                   process is
continued at the higher tem-  90 ecd         '              One of the most
inmportatit advantages of         perature. us  40                  the
practice of the present invention is lower Lhi         ,       30  enzyme
cost per unit of levulose produced. As    2. A process as claimed in claim
1 where- ,)1                     comparedl. to batch isomerization, the
same  in in the second process phase the higher amount of enzyme, when
utilized in accord-  temperature is selected so as to mainaiJn a at
ance with the present invention, produces  predetermined level of enzyme
activity.          95 45                  more levulose product than batch
process-    3. A process as claimed in either claimi 1I a,         j
35  ing. Up to three times more product has been  or claim  2 wherein the
temperature during is                      produced fromP a given amount of
enzyme  the initial, process phase is not greater than a-          '
preparation, Dy practising the present inven-  700C. tion, than is obtained
when optimum process-    4. A process as claimed in claim 4 wherein  100
'F. 50      i           ing batch techniques are employed.            the
temperature during  the initial process 40    In addition, there are many
other important  phase is from 50 0C. to 65 0C. advantages. Generally
speaking, continuous    5. A  process as claimed in any one of
isomerisation techniques utilising an immobil-  claims 1 to 4 wherein in
the second step the ised enzyme preparation permit much shorter
temperature is increased gradually or in a  105 isomerisation times or
residence times, that  series of increments. 45  is, times of contact
between the supply solu-    6. A  process as claimed in any one of I
tion and the enzyme preparation. This means  claims 1 to 4 wherein in the
second step the that the sugars, that are being processed, are  temperature
is increased in a single incre- subjected to the elevated processing
tempera-  ment.                                       110 ture for a
shorter time, and there is less    7. A  process as claimed in any one of
50  thermal degradation. For these reasons, the  claims 1 to 6 wherein in
the second step the finished product contains fewer colour bodies,
temperature is increased by at least 100C. so that product colour is
superior and refining  8. A  process as claimed in any one of !
costs are lower. In addition, fewer organic  claims I to 7 wherein in tie
second phase  115 acids are formed. Moreover, the carbohydrate  the
temperature does not exceed  800C. i   composition of the end product is
more desir-    9. A  process as claimed in any one of 



70                   able. Also because of the shorter processing  claims 1
to 8 wherein the solution contain- time, smaller inventories are required
in pro-  ing dextrose is a starch hydrolysate. cess.
10. A process as claimed in claim 9 wbere- 120 Our co-pending Application
No. 46081/73  in the starch hydrolysate is a corn starch 60  (Serial No.
144724-5), relates inter-alia to a  hydrolysate. 75
particularly  advantageous form  of enzyme       11. A process as claimed
in either claim comprising xylose isornerase sorbed on basic  9 or claim 10
wherein the starch hydrolysate magnesium carbonate. The enzyme described
has a D.E. (dextrose equivalent) of at least 125 in our Application Nilo.
46081/73 (Serial Nto.  95. 65  1,447,245) can, of course, be used in the
12. A  process as claimed in any one of    1,447,246        *   c   L
7 *  cessfully with enzyme preparations of a dif-  process of the present
invention, but no claim ferent kind, although generally, the use of  is
made herein for the subject matter claimed intact cells is preferred. Thus,
in another  in  Application No. 46081/73  (Serial No. demonstration of the
invention, dried intact  1,447,245). 5  cells are converted to fine powder
in a Waring blender. A buffer soluton is prepared by dis-    WHAT WE CLAIM
IS:-                      70 solving  a small amount of the surfactant
1. A continuous process for the enzymatic Tween  80 in  a 1.0 M   glycine
solution  isomerisatien of dextrose to levulose which ("Twecn" is a
Registered Trade Mark). The  process comprises 10  buffer solution is
adusted to pH 8.0 by add- - ing a small amount of sodium hydroxide. A
1. an initial process phase in which a slurry is then prepared by adding
200 grams         continuous stream of a solution of dex-  75 of the dry,
fine powdered cells to 1,000 ml.        trose is passed into contact with a
of the buffer solution. The slum, is then fib       xylose isomerase enzyme
preparation, 15  tered. 793 ml. of filtrate is recovered, having     as
hereinbefore defined, at a tempera- an activity of 17.5 units per ml.
ture not less than 500C. and collecting One part of this enzyme solution is
then          the effluent solution arid recovering  80 anchored on a
porous glass carrier having a         levulose therefrom until a decrease
in high surface area and reactive silanol groups,      enzyme activity
becomes apparent; 20  as described in U.S. Patent 'No. 3,556,945,       2.
subsequently increasing the tempera- granted January 19, 1971. A second
portion          ture at which the solution of dextrose of the solution is
absorbed on activated char-      makes contact with the xylose isomer-  85
*  I        coal granules. Both forms of the enzyme can         ase enzyme
preparation  by at least then be employed in practising continuous
5'C. such that the activity of the 25  isornerization in accordance with
the inven-        enzyme is enhanced; and tion, utilizing the general
techniques des-       3. a second process phase in which the cribed above.
process is continued at the higher term-  90 One of tle most importart
advantages of          perature. 40                 the practice of the
present !nvention is lower 30  enzyme cost per unit of lcvulose produced.
As    2. A process as claimed in claim 1 where- compare4 to batch
isomerization, the same  in in the second process phase the higher amount
of enzyme, when utilized in accord-  temperature is selected so as to
maintain a ance with the present invention, produces  predetermined level
of enzyme activity.        95 -43    i            more levulose product
than batch process-    3. A process as claimed in either claim  1 35  ing.
Up to three times more product has been  or claim  2 wherein the
temperature during produced from  a given amount of enzyme  the initial
process phase is not greater than preparation, oy practising the present
illven-  700C. tion, than is obtained when optimum process-    4. A process
as claimed in claim 4 wherein  100 to     1           ing batch techniques
are employed.            the temperature during the initial process 40
In addition, there are many other important  phase is from 500C. to 650C.
advantages. Generally  speaking, continuous    5. A  process as claimed in
any one of isomerisation techniques utilising an inumobil-  claims 1 to 4
wherein in the second step the ised enzyme preparation permit much shorter
temperature is increased gradually or in a 105 isomerisation times or
residence times, that  series of increments. 45  is, times of contact
between the supply solu-    6. A  process as claimed in any one of tion and
the enzyme preparation. This means  claims 1 to 4 wherein in the second
step the that the sugars, that are being processed, are  temperature is
increased in a single inere- 



subjected to the elevated processing tempera-  mient.
110 ture for a shorter time, and there is less    7. A  process as claimed
in any one of 50  thermal degradation. For these reasons, the  claims 1 to
6 wherein in the second step the finished product contains fever colour
bodies,  temperature is increased by at least 100C. so that product colour
is superior and refining  8. A  process as claimed in any one of costs are
lower. In addition, fewer orgainic  claims 1 to 7 wherein in tle second
phase  115 acids are formed. Moreover, the carbohydrate  the temperature
does not exceed  800C. 55  composition of the end product is more desir-
9. A  process as claimed in any one of 3                   able. Also
because of the shorter processing  claims I to 8 wherein the solution
contain- time, smaller inventories are required in pro-  ing dextrose is a
starch hydrolysate. cess.                                           10. A
process as claimed in claim 9 where- 120 Our co-pending Application No.
46081/73  in the starch hydrolysate is a corn starch 60  (Serial No.
1447245), relates inter-alia to a  hydrolysate. 5
particularly  advantageous form  of enzyme    11. A process as claimed in
either claim comprising xylose asomerase sorbed on basic  9 or claim 10
wherein the starch hydrolysate magnesium carbonate. The enzyme described
has a D.E. (dextrose equivalent) of at least 125 in our Application No.
460S1/73 (Serial No.  95. 65  1,447,245) can, of course, be used in the
12. A process as claimed in any one of    ...................
1,447,246                                                r claims 1 to 8
wVherein the solution containing     19. A process as caimed in claim 19
where   25 dextrose is prepared by dissolving crystalline  in the
immobilizcd xylose isolerasep dextrose in an aqueous medium,
doMiIastbiiscleny              e preparatin 13. A  process as claimed in
any one of    20. A process as claimed in claim 19 whee- ffi  ,
5    das  I to 12 wherein the process is car-  in the immobilized Piud
sabiliwal xyiose .so ried Out at a pII of at least 7.
merase preparalion comprises  Cylos  isomer-  3,0 |  14. A process a.s
claimed in claim 13 where-  ase. sorbed onto bosic Inagcncsiunl1 carbonate.
in the pH is maintained at a pH of from 7.5        21. A  process as
claimed in. any one of 0   to 8.5. Adprocess as claimed in
claims 18 to 20 wherein the xymso .svonerase 15.A  process as claimed in
any one of  preparation is packed into a co.0mj, claims 1 to 14 whe~rein
the xylose~ enzyme         2.Aprcsaslaedi al. on preparation is derived
from  anl Organism  of  claisit   1aW                 alna - ai s ioofla s
I    to    2J  and     substai  as    hereir- the Sireptomyces genjus.
before described. j                         16. A  process as claimed in
any one of    23. Levulose whenever made by the pro- 15  claims 1 to 15
w~rherein the xylose isomerase  cess claimed itt any one of claims 1 to 22.
A                      preparation  comprises  intact  cells  of  the f
microorganism. 17. A  process as claimed in any one of          STEVENS.
IIiWLET  '& PI.ERKINS claims 1 to 15 wherein the xylose isomerase
Chlartered Patent Agents, 20  enzyme preparation is a cell-free
preparation.                  5, Quality Court, !           ,    ~~~~~18.
A   process  as'claimed  in  any  one  of             Cha-ncery  .-ane,
claims 1 to 17 wherein the xylose isomerase                     London,
W.C.2., enzyme preparation is an immobilized pre-                     Tel.:
01 - 405 839,3. paration. Printed for Her Majesty's Stationery Office, by
the Courier Press, LeaTnlington 1 SI)a, 196. Published by The Paeont
Office, 25 Southamnpton  uidldings, London, WVC2A lAY,  f!'co which copies
may ho obt:iinll. I~~~~~~~~~~~~~~~~~ -i; * C   L   M   S * :j -I 1i.    


