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Transformatzon of lactose to its keto Isomer, lactulose (4-O-/3-D-galactosyl- 
D-arabzzzo-hexulose), was observed m our laboratory’ during borate Ion-exchange 
chromatography at room temperature Other examples of anomalous elutzon profiles 
from these columns have been reportedzm4 Smce reducing sugars can be profoundly 
affected by alkahs, even under mzld condttzons’ 6, the use of alkalme elutmg 
solutzons at or above room temperature deserves speczal conszderatzon 

When lactose was subJected to ion-exchange chromatography on columns of 
Dowex 1 (X-8 borate form) resin mamtamed at 25”, m addztron to the peaks of 
lactose and lactulose eiuted with 5rnM and 15mbz borax respectrvely, a thud sugar- 
contammg peak was eluted by 0 1~ sodmm hydrogen carbonate After partial 
purzficatzon of the latter peak by removal of carbonate and borate ions, and actdlc 
sugars, the mzrture of neutral sugars was fractronated by paper chromatography, 
t 1 c , and Sephadex gel-filtration into mamly dlsacchandes and tetrasacchandes 
Small amounts of monosaccharides,, mostly D-galactose and traces of both D-fructose 
and D-arabma-hexosulose (glucosone) (1) were also present Aced or enzymrc (P-D- 
galactoszdase) hydrolyses of the olzgosaccharzdes yielded a mzxture of galactose and 1 
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*A prehrmnarycommumcation has been presented [Abstr Papers Amer Chem Sot Meet, 164 (1972) 
CARE&Z] Taken, m part, from a dwxrtatlon subrmtted by B N White to the Umversity of 
Oklahoma m parhal fulfillment of the reqmrements for the degree of Doctor of PMosophy (1972) 
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The latter, as well as the ohgosaccharrdes which contam it, gave elongated spots on 
paper chromatograms These spots gave characterrstic colors, purple with axulme- 
drphenylamme7 and yellow wrth amlme hydrogen phthalates These sugars were all 
quite unstable zn aqueous solutron Attempts to concentrate solutions of o-arabztzo- 
hexosulose by Iyophrhzatron yzelded a syrup and resulted m some decomposrtron 
The aqueous solutrons of the ohgosaccharzdes, on the other hand, could be concen- 
trated by lyophrhzatron to yreld whrte hygroscopm powders 

The identity of D-arabmo-hexosdose was estabhshed by (a) Its extreme labrhty 
to alkah, (b) its fazlure to produce typrcal colors with anthrone, phenol, and 3,5- 
dzmtrosahcyhc actd reagents, (c) Its strong reducmg propertres at 25”, (d) Its conver- 
sIon into D-fIXCtOSe by reduction wth sodium borohydnde, (e) its conversion mto 
the respective D-glucosazone denvafives upon reactlon with phenylhydrazme or 
dmltrophenylhydrazme at 25”, (f) Its maJor products of alkahne treatment (I e 
D-arabmomc acrd with sodmm hydroxzde and D-mannomc acrd with calcmm hy- 
droxrde), and (g) its behavior m t 1 c , paper chromatography, and zonophoresrs 
whrch was mdrstmgmshable from that of the authentrc compound 

Identrficatron of D-arabmo-hexosulose as the reducmg resrdue of the D- 
galactose-contammg drsaccharrde, after hydrolyses by /3-D-galactosrdase, suggested 
that the drsacchande IS 4-O-/&D-galactopyranosyl-D-arabmo-hexosulose (lactosone) 
(2) When the trimethylsrlyl ether derlvatrve of 2 was subjected to g ! c , a major peak 
wrth a retentron trme of 17 4 mm (retentron trme of lactose, 17 8 mm) was observed 
Two addrtronal, small peaks of unknown rdentrty having retention trmes of 23 6 and 
25 6 mm, respectrvely, were also present The drsacchande 2 exhibited the same 
strong reducmg propertres as the monosaccharide 1, and sodmm borohydnde 
treatment of 2 under controlled condrtrons yrelded lactulose When exammed by 
t 1 c , paper chromatography, and ronophoresrs, authentrc lactosone was mdzstm- 
gmshable from drsacchande 2 Spots of 2 gave the typical purple and yellow colors 
observed wrth 1, and m addrtron, such reagents as 3,5-drmtrosahcyhc acid and 
p-amsrdme, whrch drd not react with 1, gave wrth the D-galactosyl morety of 2 brown 
and green colors, respectively, rdentrcal to those gtven by standard D-galactose 

A compound (3) was also Isolated from the mrxture of neutral sugars by 
column chromatography on Sephadex G-15 Smce this compound 1s also composed 
of D-galactose and 1 and IS eluted from the Sephadex column m the same posltlon as 
stachyose, it probably represents a product of dnnenzatlon of 2 The chemical 
properties of 3 were smular to those of the dlsaccharlde 2 Both compounds gave a 
positive reactlon wth Fehlmgg and Park-Johnson” reagents at 25”, but pro- 
portronately less color was produced by 3 Sumlarly, the mtenslty of the purple color 
yielded by 3 on chromatograms treated with amhne-diphenylamme was also smaller 
than that observed when the same amount of 2 was deposited on paper Colors 
produced with other carbohydrate-detectron reagents were rdentrcal for both com- 
pounds In vrew of these findings and of the fact that glycosuloses are known to 
condense very easrly’ ‘, polymerrzatron of 2, involvmg the hexosulose portion of the 
molecule, appears to be a plausrble explanatron for the formatton of the observed 
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product 3 of tetrasacchande srze The product obtained by borohydnde reductron of 
3 could not be readily rdentrfied and the compound was not characterized further. 

The condrtrons of the ion-exchange chromatography (I e , mrld alkahne pH, 
room temperature, and the presence of an and of borate ions) probably provrde an 
optrmal envrronment for a partral oxldatron of drsaccharrdes and, at the same time, 
they m&t retard degradation of the products by stabrhzmg the hexosulose-con- 
tammg ohgosaccharides through the formatron of borate complexes It is unhkely, 
that resin rmpuntres may catalytically affect the oxrdatrve process because, ahhough 
the manufacturer’s assay hsted 4% ash for Dowex l-X-8 resm (commercral grade) 
and 0 06% ash for Blo-Rad AG l-X-8 resm (analytical grade), the productron of 
hexosulose-contammg ohgosacchandes (Table I) was equally effective wrth erther 
resm On the other hand, smce the sodium tetraborate solutions also contam trace 
amounts of Ca2+, Pb2+, and Fe3+, the possrble catalytic role of lmpuntxes cannot be 
ruled out 

TABLE I 

YIELD OF D-UrbInO-HEXOSULOSE-CONTAINING OLIGOSACCHARIDES FORhlED DURING BORATE 

ION-EXCHANGE CHROhfATOGRAPHY OF LACTOSE 

Resnf CoJumn temp (“) Yield ( %)s 

I 25 82 
I 25 84 
I 25 96 
I 25 48 

II 25 10 
LI 25 14 
ii 25 54 
II 37 70 
II 37 34 

III 25 62 
III 25 40 

“Resm I was commercIa1 grade Dowex I (X-8, Cl-, 50-100 mesh) resm (J T Baker Chemical Co, 
Phdhpsburg, N J 08865) Resm II was the same commercial-grade resm type from Blo-Rad 
Laboratones. Inc Richmond, Ca 94404 Resrn III was an analytlcal-grade resm designated AG 1 
(X-8, Cl-, 5CklOO mesh) from Blo-Rad Laboratones, Inc bYIelds are expressed as percent of mltlal 
dry weight of lactose The analyses \%ere performed by the anthrone reactlon Blth D-galactose as the 
standard, and the results are not corrected for the presence of the anthrone-negative sugar residues 

The practxcal implications of the findmgs descrrbed m this paper are that 
column ion-exchange chromatography methods, particularly those employmg alkalme 
borate so!utrons and eIevated temperatures, must be used with cautron because of the 
alterahons m sugar structure whrch 

EXPERIMENTAL 

have been shown to occur 

Chromatographw procedures - Paper chromatograms were developed by 
descendmg n-rrgation on Whatman No 1 paper wrtb the following soIvent systems 



NOTE 369 

(v/v)_ A, 3 3 1 ethyl acetate-acetlc acid-water, B, 5 3 2 butanoi-pyndme-water; 
C, 4 1 1 butanoi- acetic acid-water, D, 4 1 5 butanol-acetic acid-water (upper 
phase), E, 4 1 phenol-water, F, 4.1 1 butanol-95% ethanol-water, and G, 6 3.1 
ethyl acetate-95% ethanol-water. T 1 c was performed on glass plates (20 x 20 cm) 
precoated with a 250-pm tickness of sihca gel (Mann Research Laboratones, 
Orangeburg, N Y 10962). The plates were developed ulth solvent G or with water- 
saturated butanol (solvent N) Ionophoresls experiments were performed on 
Whatman No 3 MM paper with 0 05~ sodium tetraborate, pH 9 2, at 375 V for 4 h 
The spots were detected v&h a, amlme-d~phenylamme’, b, amlme hydrogen 
phthalate’ , and c, o-blphenylamme oxalate” 

G 1 c. of the per(tnmethylslly1) ethers1 3 was performed with a Perkm-Eimer 
881 gas chromatograph eqmped mth a glass column packed wth 3% SE-30 on 
Gas-Chrom Q, 100-120 mesh (Apphed Science Labs, Inc , State College, Pa 16801) 
and a hydrogen-flame, lomzatzon detector The column was mamtamed at 140” for 
the separation of aldomc acids and at 210” for the separatzon of dlsacchandes 

Borate zon-exclrange chromatugr&zy - CoIumns (1 x 18 cm) were packed mth 
Dowex 1 (X-8, Cl-, 50-100 mesh) resin pretreated w-&h hot 4~ hydrochloric acld14, 
or with Blo-Rad AG 1 (X-S, Cl-) resm wlthout pretreatment The resins were 
converted mto the borate form wzth 0 1~ sodium tetraborate (borax, 15 column-vol ), 

and the columns were eqmhbrated mth 5rnnf sodium tetraborate at a flow rate of 
60 ml per h Samples (0 5 g) of cr-lactose (Fisher Sclentfic Co , Pittsburgh, Pa 15219) 
were dissolved m 100 ml of 5mM sodium tetraborate and the solutions were allowed 
to equilibrate for 2 h at 25” pnor to apphcation to the column Elutlon was performed 
at 25’ by the method previously described ’ l5 but wzth sodium tetraborate instead of 
potassium tetraborate Fractions of 100 ml each were collected and analyzed for 
hexose by the anthrone reaction l6 Nontransformed lactose was eluted wth 5mM 
sodmm tetraborate and lactulose was eluted mth 15mM sodrum tetraborate (ca 2 1 of 
each solution) A third peak of sugars was eluted mth 0 1~ sodmm hydrogen 
carbonate, the elution was completed usually after ZOO-300 ml of effluent had been 
collected The fractions from the third peak were pooled and treated batchwIse with 
Dowex 50W (X-S, H+, 20-50 mesh) resm to remove sodmm ions and to faclhtate 
evolution of carbon loxlde. The solution was then concentrated and passed through 
a column (2 9 x 35 cm) of the same resm,,the effluent was evaporated to dryness, and 
then treated with methanol to remove bone acid as methyl borate The final residue, 
dissolved m water (25 ml) gave a clear, colorless acidic solution (pH 3) Contammatmg 
acldlc components were removed on a column (2 9 x 35 cm) of Blo-Rad AG 1 
(X-2, HCO;, 200-400 mesh) resm, and formic acid was evaporated from the effluent 
by repeated evaporation at 40”. The final readue, dissolved in water (25 ml), gave a 
solution of pH 6 

Gel filtratzon - Ahquots (ca 20-40 mg dry wt ) of the mixture of neutral 
sugars were dissolved m water (1 ml), applied to a column (2 2 x 94 cm) of Sephadex 
G-15, and then eluted urlth degassed water at a flow rate of 6 ml per h Fractions 
(3 ml each) were collected and analyzed by the anthrone method The column was 
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prevrously standardrzed for vord volume (VJ wrth Blue Dextran and for sugar- 
elutron volumes (VJ with a rnrxture composed of galactose, lactose, rafhnose, and 
stachyose (5 mg each) The V, values for product 3 (181 ml), for 2 (210 ml), and for 1 
(228 ml) corresponded closely to those of the tetrasacchande (stachyose), the dr- 
sacchamde (lactose), and the monosaccharrde (galactose), respectrvely 

Borohydrzde reductron - A 1 5 (w/w) proportron of sugar to sodium boro- 
hydnde m 0 1~ bone acrd-sodmm borate buffer, pH 7 6 was used After 16 h at 4”, 
the solutron was neutrahzed with acetrc acrd, and the sodmm Ions were removed on a 
column (2 x 24 cm) of Bra-Rad AG 5OW (X-8, H+, 200-&O mesh) resin The eluate 
was evaporated and boric acid removed as volatrle methyl borate 

Alkabne treatment - Allquots of 1 (10 mg) were treated wrth 0 04~ sodmm 
hydroxide and wrth 0 02~ calcmm hydroxrde followmg essentrally the expenmental 
procedure of Lmdberg and Theander17 

Preparatzon of D-arabmo-hexosttlose (1) - Three drfferent methods were used 
(a) D-Glucose or D-fructose was oxrdrzed wrth cupnc acetate” and 1 was Isolated 
and purrfied by preparative paper chromatography on pre-washed Whatman No. 
3 MM wrth solvent system A (b) Acrd degradation of N-butyl-D-glucopyranosylamr- 
neXg gave 1, m addrtron to 3-deoxy-D-eryflzro-hexosulose Isolatton and punficatron of 
these compounds was performed on a column (4 6 x42 cm) of mrcrocrystallme 
cellulose (Av~cel)~~ with solvent system A (c) D-Fructose phenylosazone was cleaved 
with mtrous acrd21 D-arabmo-Hexosulose obtained by these three methods gave a 
single, elongated spot on paper cbromatograms R, 0 55 (A), 10 (B), 1 2 (C), 1 1 
(D), 0 77 (E), 1 1 (F), and 0 73 (G), m t 1 c RG 0 73 (G) and 12 (IS); m borate 
ronophoresrs, M, 1 06 

4-O-/?-D-Gu!uctopyranosy&D-arabmo_hexosuZose (2) - This compound was 
prepared by the cleavage of lactose phenyIosazone22, modtied by use of nitrous 
acrdZ1 Attempts to prepare 2 by oxrdatron of lactose wrth cupric acetate were 
unsuccessful, whereas the reactron of lactose wrth butylamme and aeetrc acrd gave 
only smali amounts of 2 Authentrc 2 and the drsacchande obtamed durmg borate 
Ion-exchange chromatography of lactose showed one spot on paper cbromatograms 
Ro 0 33 (A), 0 80 (B), 0 55 (C), 0 58 (D), and 0 86 (E); m t 1 c RG 0 25 (G) and 
0 35 (H), m borate ronophoresrs AJG 0 75. 

Enzymzc hydr0Zy.w - Ohgosaccharldes 2 and 3 were hydrolyzed wrth B-D- 

galactosrdase (Lactase from Saccharomyces fragzlzs, Nutntronal Brochemrcals Corp , 
Cleveland, Ohro 44128) The expenmental procedure was essentrally that of Caputto 
et aZ23 For ldentrficatron of hydrolysis products, the enzyme was precrprtated wnh 
ethanol and removed by centrrfugatron After evaporation of the alcohol, the aqueous 
hydrolyzate was desalted on coupled columns (1 x 5 cm each) of Bio-Rad AG 50W 
(X-12, H”) and AG 1 (X-2, HCO,) resins, and then analyzed by paper chromato- 
graphy 
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