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Conversion of D-glucose to D-fructose catalyzed hy
yeasts anil yeast-like organisms

JIft f ZEMEK _ BEATRI0A KADLEEII(oVA _ rIIDo\riT I(UNIAK _
SrnreN KUEAR - .{NNA KOCKOvA-KR,ATooE\rILoVA

Summary. Isomorization betwoon certain aldo- and keto-sugars due to presence
of o-xyloso isomerase in somo yeast-like organisms is described in this paper
t,ogother with methods of selection of the producing strains, imnobilization of tho
yeest-liko organisms and subsequent manufacturo of p-fructoso.

n-Xylose isomerase (o(f)-xyloseketolisomerase, EC 5.3.15) is an enzyme
predominantly present in microbial cells, which catalyzes reversibly isomeri-
zation between certain aldoses and ketoses. The physiological role ofthe enzy-
me rs probably mediating the formation of o-xylulose from o-xyloso. o-Xylu-
lose is phosphorylated then to enter the pentose phosphate pathway p-31.
Ifowever, since its unspecificity in the o-glucose isomeriaation was reported,
the enavrne has been the subject of intensified research [a]. Ihe enzyme is used
now or] industrial scale to manufacture fructose symps for food industry and to
pre,Sla,re special medical formulations. Due to the extention of its production
and inclustrial application it is at present the third important enzyme prepa-
ratiolr, following the proteolytic and amylolytic enzymes [S-7]. Xylose-iso-
merase activity has been demonstrated in more than 100 different microbial
species, mainly bacteria. On the other hand, :qylose isomerase has not been
described to occul in fungi so far. Therefore, it is not too surprising that among
yeasts the only strains reported so far to produce this enzyme are Carulido
u,til,is lS) and Rhoilotorula graai,li,s [9]. The aim of this work was to studv the
ability of yeasts and yeast-like organisms to catalyze the aldo-ketose transfor-
mation a,nd in the same time to roplace expensive n-xylose through it's cheap
sonrces provided that the strains produce rylanase.
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Exporimental part

trI,i,croorgami,sm,s. The strains to be studied in the experiment (i.e. 465) ori-
ginated from the Czechoslovak Collection of Yeasts and Yeast-like Organisms,
Institute of Chemistry, Centre of Chemical Research of the Slovak Academy of
Sciences, Bratislava. In exptriments the same strains were used as described
previously [0].

Selecti,on of the rylanase-prod,uci,ng stra'i,ns. The gel method based on gel pre-
pa,red in crosslinking reaction from xylan (ex Xagus si,luati,ca) using 2-chloro-
methyloryrane as a crosslinking agent. The gel assuming dry weight 5o/o form-
ing agarJike hydrophilic and transparent medium preserves its substrato
properties for the endo-acting xylanase (p-t,4-xylan x;rlanohydrolase, EC
3.2.1.3) whereas its substrat'e properties for exo-acting beta-xylosidase arir

highly suppressed due to crosslinking. Modification of the polysaccharicle try
crosslinking was carried out in alkali [ll, f 2]. The folia of gel preparcd u'as

x'ashed out from alkali in tap water and in distilled'water. Gel lay'ers 4.5 rnm
thick were cut into equilateral triangular pieces rvith side length of 15 cn't.

placed into Petri dishes, immersed into Yeas,t Nitrogen Btrse (Oxid) growi,h
medium reaching to a half of the gel thicl<ness, :urcl sterilized at 100'C wrih
streaming steam for I h (tbree times). The proclucing strains of beta-x)'lana,.r*
are capable to liquefy the gel.

Selecti,on of n-rylose 'i,somerase prod,ucers. A synthctic selection rnedium for
yeast-like microorganisms was used according to [f 3]. o-Xylose as & component
iir the med.ium was sterilized separately.

Positive strains and. stock cultures have been maintained on Yeast Malt
Agar slants, containing a,cldit'ional 0.Io/o o-xylose. X'or biomass produc'bion,
F- complex med.ium was composed, containing n-xylose or beta-xylan (6 g),
o-gluccse (4 g), amino acid mixture obiainecl through total hydrolysis of egg

l-liite (I0 g), CoClr.6HzO (0.3 g), MgSOn.TH'O (0.5 g), KHfOn (t g). Sugars
rvc.ri-' autoclaved sep&rately. Disi;ilied wri,lr was acldecl 1:o I I volume and the
mcdium obtained. was adjusted 1,o pH 7.0. The veast' bioLuass wrls prodttcetL iu
500 ml Erlenrnayer flasks, containing 100 ml rnedium, incubated for 120 h
orl i,,' reciproca,l shalier at 28'C.

Enzym,e assaA. fircubation rnixbure (f ml) for xvlose isomerase assir,J con-
ttrirred 122 mrc-olll n-glucoso or another sugar, 0.1 mol/l MgSOn.TH'O an-d

I mnrol/l CoClr.6H2O. The enzyme reaction was carried out ai; 70'C (pI{ 8.0}.
At .rppropriate f ime intervals the isomerization reaction was stopped by adding
1r.r nil 0.1mcl/l HCIOn. Cells ordebris were removed bycentrifugation at 10,000g
,,.ncl forrnecl iictcse was qtl&ntii,atively measured, following the inodified
,..vsliiu-carbr'izol colorimetlic met'hod [I4, I5]. Qualitative detection of o-fruc-

+6



'-. +tJ').) of i-
l-lrIrrnisltts,
\':.cI,.'rny of
- i:.cribed

,:'- :.cl pre-
-: l-,'hloro-
: .r' Iolti r-
: -'-lirstltr,t,.'

::, ,'..t. Ell
. - ::',ttlSe iiU.l

-i- i'iclr l"rv

: I,) (llii.

i: gi'o$'l.ir

I' rr t:(r 1f i;ii
:: ' -\\-l:ltlli, i"

,,-' iiiitn for
- tr,ponent

Y'',,.t lI'r,ln
: .:', ':111c 

iion.
s-. -.r (6 g),
.--,. -i. of egg

- - sugir,rs

.r: . ..rld th€)
-:.,-i,,t,':tiiti
: :l.i' lJt-t it

r '--,.\- CUll-
r, iH"O rint{

.,'l' r,1I 8.0i.
ti i . rrdding
.: .. 1t.).0009
;, .:ro,-1ified

'::- ,i D-frt!c-

tose and its separation from D-glucose were performed by descending paper
chromatography cll SThatman No. 1 paper, in solvent, aceton-butanol-watel:
system (7 : 2 : l, b1- r'olume) and detected lrith benzidine [16]. n-Fructose and
D-glucose were cletermined ra,diochemically' in a separate experiment using

fU-14C] D-glucose or D-fructose (fnst'it'ute for Research, Production and Appli-
cation of Radicisot'opes, Prague) (I0 mg; radioactivity 248 MBq). Separtrtion
of both hexoses \rras ca,rried out as described previously.

Cell immobilization

I'lr.e biomass obi,rrined- frorn complex medium was concentratecl bv centrifu-
gation (2,500 g). The sediment \ya,s twice washecl in distilled water and fi'c.r,'z-

dried. The dried biomass was washed with ethanol and toluene and the ce,lls

were permeabilized by action of toluene (70'C, f h) and vacuum sicced tiren.
The cells' immobilizat'ion we,s ca,rried out in polyethyienimine (Fir,ika., Buchrs,

Suritzerla,nd). Polyethylenimin,-r (molecular weight 45,000) es a l0o/o (w/v)
aqueous solution (19 g) was niixed with 0.095 g of dried permeabilized cells
and 0.4 mI of 2-c]iloromethyloxvrane prepared. for the suspension. The c;:osslink-
ing reaction lasted l0 min at 30'C, and the gel prepared in 1,his wriy rvas disin-
tegrated in a mixer, rrashecl wit'h water (I00 ml), clried ancl sieved [7]. Simi-
h:,:ly, as in ihe case of enzylne inimobilization [r8].

The biological purity of the experiment was checkecl 'oy rnici'oscopic and
cultivr,tion tests. Growbh of th.o cells was follorvccl neplielometrically and/or
by counting the cells in the Btirker chamber.

Results nnil iliscussion

Almost 209/o of t'he trst,ecl s'r,r'aiins (i.e. 75 str:..ins) cf r..:astliire mic'r'ooi'gani.;,rs
gavc posit,ivc rea,ction to the slnil:,el;ic lelection mediurn wil'h n-xrlose..is
{bllows'. Bullerc alba l2-l-I, Oospora luctis 16-I-1, Cryptococcu,s albidus I;-4-I,
Dioszegi,a lntngar'i,ca l8-l-1, Sporobolomyces salm,oni,color 19-1-1. Rltodoto:tlo,
glu,tini,s 20-2-I. -73. Toru,logtsi,s lcru,'isii, 26-19-7, Au,reobasidiu,nt, pullul.aras l7-1-1.
-6, -7, -9, -l{.. 16. -20. -22. -23. -25, -27, -28, -30. -32, -33. -34. -36. -37. -38, -41,

fuIetschnikou,ia pu,lclteruinta alfa 29-2-IL5, Canclida, nlbicatts 29-3-19. C'. trop'icnlis
29-7-23, C.luu,nr,i,cola 29-lI-2, C.'internredi,a 29-I2-I, C. curuata 29-i8-1, C. mus-
corurn 29-19-1, C. parapsi,lopsis 29-20-9, -I3, C. solani 29-23-1. C. utili,s 29-38-1,

-18, C. oregonensis 29-42-1, C. natalensis 29-44-I, C.lusitaniae 29-59-1, C. obtusa
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29-60-1, C. stellatoid,ea 29-64-L, C. mogii,29-66-I, C. shehatae 29-68-1, C. stea-

rolytica 29-7 5-1, Tri,ahosporon cutanewm 30-5-4, T . fermentans 30-3-1, T. brassdc

30-E-l T. aculeatwm, 30-11-1, T. terrestre 30-12-1, T. Iuteti'ae 30'f 4-1 Li'pamyaes

li,poJer 33-2-1, Nad,soni,a f'uluescerw 36-2-2, Hormoascws platgpod,is 38-8-1, -4,

Picli,a membranaefaci,ens 39-l-4, Citeromyces matr'i'tenszs 40-l-I, Hansemwla

phaJfi,i, 38-7-2, End,omyces tnagnusi'i, 42-l-L, E. selernspora 42-I0-L, Fabosporo

fragili,s 5I-l-1, Pachysolen tannophi,lus 53-1-I, Nemotospora corgli' 56-1-1,

Dekkera brurelens'i,s 59-2-1, Wi,ckerhamia flu,orescetrc 6I-1-1, Rhod'ospori'ili'wm

toruloi,il,es 62-2-3, Leucosporid,'ium srctti,i' 64-1-1, -2, L. capswli'genum 64-2-1, -2,

-4, Loilil,erornyces elongasgtorus 65-l-L. Wi,ngeu robertsi,i, 68-1-1, Ii'Iobasi'ili,um
carpswligenwm 7t-1-1.

On the other hand, only 9 strains were proved as producers of endo-acting
xylanolytic activity (i.e. Bwllera albu L2-l-L, Cryptocoaaus luwrentii' L7'3'3,
Cryptococcus albi,ilus 17-4-1, Tri,chosporon cx(taneurn 30-5-4, Eansenula phnffid
4l-7-2, Ambros'i,ozgma ambros'i,oe 60-l-I, Leucospori,ili,um saotti'i' 64-l-2, Loil'ilero-
rnyaes el,ongasporws 65-l-1, Wingea robertsi,i,68-1-1. All the strains of Atneobred-

ili,wm putrl,wloros tested (i.e. 21) have been found beta-xylanase producers [19].
TVith respect to the price of o-rylose as an inducer for trylose isomerase,

we consid.ered in further experiments just those producers of xylose isomerase

which were capable of splitting xyian. Already Takasaki et al. [20] shown that
cheap o-rylose sources, such as wheat bran, corncob and chaff, containing
tylan, could replace puro o-trylose as an inducer, provided that the strains
involved prod.uce beta-xylanase. Xylan-utilizing strains will obviously grow
satisfactorily on tylose and xylose-oligosaccharides present in assorted wood
liquors and spent sulphite liquors now beeing used. as a single cell proteing
substrate and are thus potentional rylose-isomerase prod.ucers.

Considering the morphology and the semiquantitavely ovaluated extont
of the isomerization reaction (paper chromatography) and beta-xylanase
reaction (monitored with the substrate - 2l), Wi'ngea robertsi't, was found to
be the most suitable xylose-isomerase producer.

The strain of Wi,ngea roberts'i,i, CCY 68-f -I was inoculated. on selected. medium
and grown for 96 h at 28"C. n'or biornass production a complex medium (2 l)
was used. fn Table I cultivation of the strain on medium with n-xylose ancl

corresponding activities of beta-xylanase and xylose isomerase are demonstra-
ted. Similarly, in Table 2 growbh on the complex med.ium with xylan and in
Table 3 on the medium with tamarind. (ex Tamari,nd,us i'nd'i'ca) is shown. Accord-
ing to the results obtained in absence of xylan, a very low xylanolytic activity
was observedl presence of o-xylose in the medium maintained, however,
a sufficiently high xylose-isomerase activity. Replacement of o-xylose in the
medium for rylan resulted in inoreasing rylanolytic activity in the medium;
the rvlose-isomerase activity, however, remained unchanged. When tamarind,
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Cultivation time
thl

Dry cells' woight
ts/ll

0.0r
0.015
o.02
0.036
0.056
0.095
0.10
0.34
0.6
1.6
1.65
r.65
r.65
1.7
1.7
1.7

Xyloso-isomorase
activify
tpkat/Il

Boty-rylanue
activity
k katlll

0.01
o.016
0.03
0.05
0.08
o.09
0.09
0.1
0.:i
0.{t
0.6
0.7
0.9
1.0
l.()
l t)

Table l. tr'ormotion of rylose iaomorase and beta.xylanase wilb Wi,ngea rcbeflaii cellg on mediuo
with o-xyloso

Cultivation timo
tbl

Dry oolle'weight
tc/ll

Xylose-ioonerase
activity
[pkat/l]

Bota-rylanam
activity
t#kat/U

q

6
t2
24
30
36
42
48
60
72
84
96

r08
t20
r32
r44

0.0r
0.015
0.02
0.038
0.059
0.1
o.34
0.6
0.9
1.5
1.5
1.65
r.55
r.55
r.65
1.65

0.
0.
o.
0.
0.
0.3
0.6
0.6
0.7
1.4
1.6
1.6
1.6
t.8
1.8
1.8

0.
o.
o.
0.
0.
0.15
0.16
0.15
0.16
r.l6
0.16
0.1
0.1
0.05
0.05
o.05

Toblo 2. Formation of ryloso isomerage and bota-xylanase wit}. Il'dngea, robertsii colls ou modiuru

t
6

T2
24
30
36
42
48
60
72
84
96

r08
t20
132
144

0.
u.
o.
0.
0.34
o.4
0.4
0.5
o.7
1.3
1.4
r.5
L.l
r.8
l..q
1.8

r: native derivative of cellulose containing D-xylose rvas used in the complex
medium instead of rylan, production of both xylanase and xvlose isomerase
was retardod.

Activity of rylose isornerase reached its maximum after 120 h of cultivation.
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Tabl e 3. Formation of xyloso isomorase and beta-xylanaso with W,inga robertsii, cells on modium
with tamarind

Cultivation timo
thl

Drv cells'weight
te/ll

0.1
0.0r5
c.02
0.03
0.04
0.05
0.07
0.t
0.34
0.8
0.96
l.l
r.l
t.l
1.0
t.0

Xyloso-isomorase
activity
[Pkat41

Beta-xylanaso
activity
lpkat/t1

2
6

r2
24
30
36
42
48
60
72
84
96

r08
r20
t32
144

I
t

4
5
b

I
to

0.
fi.
0.
0.
0.1
0.2
0.3
o.4
0.5
0.7
0.8
0.8
0.9
0.9
0.7
0.6

o.
lI.

0.
0.02
0.05
0.06
0.07
0.08
0.09
0.2
tt.25
(r.23
().24
o.25
0.2
0.r5

Table 4, Couversion of o-glucose to D-fructose catalyzed rvith imrnol:ilize<l l4/'ingc,a rcbert'sii' colls

Formation of n-fructc,se
t%]

from n-glucoso
from starch
hydrolysate

Tbc Wingea roberts'i,'i, cells were harvested" by centrifugation, wa,shed. u,ith water'
arld permeabilized as described in Experimental.

Permeabilized cells were used for immobilization through encapsulation and
covalent bonding inthe gel of polyel6"t"otmine crosslinkedwith 2-chloromethyl-
crs\-rarle. Activity of xylose isomerase in the immobilized Wingea robertsi,i, aells
rrtrs foilowed as described in Experimental. When starting with [U-teg1o-glucose
s :-r substrate in the incubation mixture (l mI) under conditions stated in

E:izvrne assa]-, ancl irnmobilized Wi,ngea robertsi''i' (5 mg), the optimal J'ield of

rl

4
8

l6
20
29
36
45
45
15

.)

4
(;

i)
18

4)



:--s on modium o-fructose was gained after 8 h at 70oC (pH 8.0). In equilibriuni it rirrr,ched 4Eo/,
(Table 4).

In a separate experirnent instead of [U-t461 o-glucose I0 nrg soluble sr"a,rc]r
(ex potato) labelled with pf-te1 starch (ex Chlorel,la sp.) 248 IIBq was usecl.
Before adding the immobilizecl cells, alpha-amylase (ex Baci,lltt.: szrDlrlis, Bcltr-
rnylase, LIKO, CSSR,; 5 nkzit) and glucoamylase (3 nkat,, ex Endonrycopsis
bi,sltora, Prorvilio, GDR) were a,pplied. After 20 rnin preincubatiol inrprobili-
zed celis af I|tingeu' robertsi,i' (5 mg) were add.ed. In equilibrium clernoils..r.irle(l
after I0 h, concentration of n-fructose reached a2o/o of the tot,a,l sugitt's i1 tlit,
mixiure (Tabie a).

Two types of glucose-isornerase activities have been csi.,Jrlisiiccl expr.r.i-
mentally. I{umerous microorganisms were screened for n-glucose-isornelizilg
a,ctivity, but a genuine, specific n-glucose isonerase apparently cloes lot e,xisi,.

fnstea,d. most of tht+ enzymes in this cat'egory turned out to be either D-x-vlose
isoni<,'rase or n-glucose-6-phosphate isomerase. The latter activitv, hou'er-cr'.
requires arsenate for isomerization. As Wi,ngea cells are capable to catalyze
a,klo-ketose isomerization in absence of arsenate, it, may be considered a proof
{br presence of xylose isomerase in the cells. Because the primary market foi'
glucose/frucl,ose syrups is in food application, it makes the isornerization reac-
tion catalyzed with these yeast-like organisms more attracti.i'e. With respect,
1,o tlre bacterial producers of xylose isomerase [7], when usrng lYingea robertsi,i
cells there is no danger in pathogenesis of the organism or need to separate
toxic substances. Trhese cells seem to be more advantageous frorn the techlolo-
gical point of view than bacteria or the alkaline, non-enzymic isomerizatiol
of glucose, because of colour, flavour and composition problerns 122,23]. It, is
evident that o-fructose can be separated from n-glucose in the reaction ririxbl-
re similarly as proposed by the German firm C. X'. Boehringer for thc prcduc-
tior-r of fructose from sucrose l2[l.Inthe Boehringer process, sncrose is hr-clroh--
zed to glucoiie rrncl fructose in a column packed with a sulphona,teri pclr-st.r-re1e
resin which is partinlly in a calcium form. The glucose ancl fnrctose are eiucir.r-
ted separat,clv after chromatographic separation on the same coiurnn. and fprc-
toscr may be crJrstallized then. The concentration step, clvsttrllization of
n-glut:ose and purification of o-fructose from the motller liquor--.. is irpprec'iatecl
especially u'hen firuct'c.rsc receivecl should find its applicatioir in ptri,lrtr..ril so-
lutionr; f':r int,rnvenous infusions [25] or as ar] rrlcohol cle-intoxicrint [26].

Regarr-ling the enzyme make-up of yeasts and r-er-rst-like ot'sanisnis. itccord-
tng k: lii;cl'Lrv cL-,ta known. it' is obviously not of ur,irginitl ;ilp,;113n6e that,
t,hese orga.nisms i.re ablc to crtalyze the .'rldo-ketosr. tltlnsfol'ntation in sucit
great extent'. Beside t'he technologicirl aspect. their rlrilit]- to isomelize aldoses
a,nrl ketoses can find it,s appli.:riiair in taxonc,m1-. tls tr-ell.

Selr:cted permeabilizecl ancl inrrlobilized cells of lY'ingea, robert"<ii hivi, t,lready

ts: a-\1-lana,S€
.: :: ir-it5'
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, .'li
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lreen made use of at the Institute for Research, Production and Application
of Radioisotopes (Prague, Czechoslovakia) for preparation of [tI-14C] o-fructose
from t'he amylolytic hydrolysate of [U-trg1 starch (ex Chbrella aulgari,s) 127].

-{ccording to our preliminary results, unspecificity of xylose isomerase of,

lVingea robertsi,i, can result in preparation of such medical formulations as
maltoheptulose and lactulose.
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(luoc<r6 noAroroBr(tr n-rppyxtoar'r uB D-rJlroxoabr c
oprarrtrsirroB

Alx)riitieBbrx nr{K[x]-

Pe a roilre

B pa6ore orlrohrBaercrr uaoMeprraaqllff olpegenenubrx albAo- rr KerocaxapnloB D-ri, trxoJtr
ueonepacoii, lpucyrcrByloqe[ n ueHoroplnx AporrtrxeBblx Mur(pooprasfisMa:r. rlprrnogrrcn
TtrOCOO cOJleRIluII npOAyHTrlBIIbrx ItrTaMMOB, IIMMOOtrntrSaUutr ;lpOX{[{eBhIX }tIIKpOOplaEE:r-
roB, a rax;xe rryruldronreuun n-(frpyxtoaxolo crpotra.

Sp0eob pripravy o-truhtdzy z n-glukdzy pri pouZttl kvasinkovfeh mihroorganizmov

Srthrn

V prdci sa opisuje izorneizitcia urbit;ioh aldo- a keto-sacharidov o-xyl6za izomor6zou
pritomnouv niel<torjch kvasinkovitfch organizmoch. Uvedonf je sp6sob selekcie produkd-
nfch kmeirov, imobilizdcie l<vasinkovit;ich organizmov, ako aj priprava n-frukt6zov6ho
sirupu.
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