
Note 

An enzymatic method has been developed for the elucidation of the structures 
of heparan suEate and heparinE4 which exhibit a more comp!ex composition than 
most other gly cosamino@ycans5-7. Heparinase digests heparin and “heparin-like” 
portions of heparan sulfate whereas heparitinase (he pamnase) degrades the non- 
sulfate and low-sulfate portions of heparan sulfate. Roth enzymes produce mairdy 
disaccharides containing an ~&unsaturated uranic acid on the nonreducing end. 
Five disaccharides have been isolated and characterized by Hovingh and Linkeid, 
which probabiy represent the disaccharide repeating‘units of heparan suIfate_ The 
quantitation of the yield of disaccharides from different preparations of heparan 
sulfate and Ixparin was aecomphshed by small-s&e e-tic digestion of the 
polymers followed by paper chromatographic determination of the products. A 
similar paper chromatographic technique was used by Silva et alp for the anaXysis of 
the disaccharide products formed from hepamn sulfate_ 

We have developed a high-performance liquid chromatographic (HPLC) 
analytical method that is more rapid and sensitive than paper chromatographic 
procedure for quantifying these unsaturated disaccharides and is well suited to the 
investigation of the structures of heparan sulfate and heparin. 

EXPERIMENTAL 

Materials 
Four ~un&uratcd disaccharides from heparan sulfate and heparin were 

obtained as a much appreciated gift from Dr. Alfred Linker, University of Utah 
(Salt Lake City, UF, U.S.A.). These disaccharides are dDi-H&-I, a non-sulfated 
disaccharide from heparan sulfate, dDi-H&,-II, a disaccharide from heparan sulfate 
containing one sulfate group OQ the acetylglucosamine unit, ADi-H&,-III, a 
disaccharide from heparan sulfate containing N-sulfate ghmamine, and, dDi-HG-I, 
a trisulfated disaccharide from heparin. The structures and preparation of these disac- 
charides have been reported previously*‘*_ The unsaturated disaccharides from 
chondroitin sulfates (dDi-OS, 2-acetamido-2-deoxy-3U-#-~gluco4enepyranosyl- 
uranic acid)-n-galactosc; dDi-6S, 2_acetamido_2_deoxuc~~e- 
pyra.nosyIuronic acid)&-0-sulfa-D-ga!actose; and dDi4S, 2-acetamido-2&oxy-3- 
O-(j3-~gluco4enepyranosyIuronic acid--sulfa-sgalactose) were purchased from 



NOTES 403 

Miles Labs. (Elkha&-IN, USA.). The distiated disaccharide, dD&diS, (2-acetami- 
d~Z~~~-3-~2~~~~-~~u~nepy acid--sub&-u-galac- 
tose) was prepared and purified chromatographicahy from the chondroitinase ABC- 
digest of dermatan &fate from pigskin (Miles Labs). 

h&%hano~ aad acetonitriIe (HPLC grade) and ammonium acetate acre 

obtained from I. T_ Baker (Phillipsburg, NJ, U.S.A.). PK-A reagent (tetrabutyl- 
ammonium pbospbate) for ion-pair chromatography was purchased from Waters 
Asso~. (Milford, MS, U.S.A.). 

A moduIar HPLC system was used for the chromatographic studies which 
consisted of two Model 6MlOA solvent delivery systems, a Model 660 solvent 
programmer, a U6K universal injector, and a Model 440 two-channe~ absorbance 
detector (Waters Assoc.). The recorder used was a Houston Instrument (Austin, 
TX, USA.) OmniScribe A5211-5 dual-pen recorder. Peak heights, peak areas and 
retention times were measured by an on-iine Model Supergrator-1 integrator (Colum- 
bia Scientific Industries, Austin, TX, U.S.A.). 

Prepacked HPLC columns, Partisil 10 PAC and Partisil 10 QDS, 10 pm, 
25 cm x 4.6 mm LD. (Whatman, Clifton, NJ, U.S.A.) were employed. 

In the first HPLC procedure, a column packed with a bonded cyano-amino- 
type polar material (Whatman Partisil 10 PAC) was used. The mobile phase was a 
ternary solvent system of acetonitrile, methanol and 0.5 M ammonium acetate 
(PH 6.5) This procedure was used for isocratic elution of non-sulfated, mono- 
sulfa~%!d and disulfated unsaturated disaccharides_ The elution of the trisulfated 
disaccharide which is a more strongly retained compound in this system was 
achieved by increasing the aqueous ammonium acetate content in the mobile phase- 
However, more satisfactory results were achieved by employing a second column. 

The second HPLC procedure was an ion-pair reversed-phase method which 
was designed specifically for the rapid separation and sensitive quantitation of di- 
sulfated and trisulfated disaccharides. A bonded C,, reversed-phase column was 
employed. The mobile phase consisted of 0.005 M PIC-A reagent mixed with 
methanoL The PIC-A reagent was prepared by mixing 15 ml (one bottle) of the 
pre-packaged reagent with L I of glass distilled water. The pE of ffie solution wes 

7.0. A solution of 10% methanol and 90% of this PIG-A reagent gave satisfactory 
results. 

The flow-rate used for both procedures was 1.0 ml/min. All separations were 
performed at ambient temperatures. Detaifs are given separateIy with each cbromato- 
gram- 

RESULTS AND DISCUSSION 

The results of HPLC separation and quantitation of the unsaturated di- 
saccharides derived from chondroitin sulfates and dermatan sulfate have been 
reported previouslyl*-li An atte mpt was made to apply the same technique for 
the effective determination of the unsaturated disaccharides derived from enzymatic 



degrdation of he_paran sulfate and heparin because of the simiIar strum of the 
two classy of disacctid~. Fig- 1 represents -&e isocratic separation of the three 
cEsw&aG* produced by c&e&on of heparau &fate with heparitkase (ADi-H&,-I, 
ADi-H&-II and ADi-Hs-XII). achieved by the Pa&s3 LO PAC colmm. me time 
required for this separation was I2 min. The composition of the mobile phase was 
systematically varied in order to sekt the optimal conditions for separation, The 
capacity ratio (K) c,f the disaccharides was detfxmineci as a faction of the acetonitrile 
and methanol content of the mobile phase, keeping the content of aqueous ammo- 
nium acetate cctzWznt at 20% as shown in Fig_ 2. The retention behavior of 
ADi-H&,-Z, ADi-H&-II aad ADi-H&,-III are essentially similar to that of 
ADi-OS, ADXS and dDi4S, res~tiveiy. The k’ vaIws for the sulfated disac- 
charides Srst decrea Fewithincreasin g acetotitrile content_ pass through a minimum 
at about equal content of acetonitrile and methzmol and then increase sharply. 
The k’ values of the nonsuLfated disaccharides ixiease- slightly in ffie region in 
which k’ values of sulfated disaccharides decrezxe and then increase sharply as did 
the sulfated disaccharides. The acetoni*bik/methaGo~ ratio in the mOb& phase can 
be used for adjusting the reIative retention of the three disaccharidts. At a constant 
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pi_ 2. capacity -ratio (k-j of the unsaturated -des as a functioa of the acetonitrik and 
methanol content cf the r.rioMe phue. I = ADi-H&-X; 0 = ADi-H!j,-II; A = .4Df4XSdIE; 
q =ADi-0S;o=ADi-SSandA=AiX4S.Colmxm, WhatmanpartLrillO PAC;moWe phase. 

acct~niW~M.sMvnmoniumacetatt, pH65(X:Yz2fN,X, %acctmhk~dY. % 
!33z&aol x f Y = 80%; %ow-rite. t.oml/min. 
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r&i0 of the two organic solvents, an increase in the amount of aqueous ammonium 
ac&ate buffer rem&d in the decrease of retention time cf each disaccharide, wbkh 
is probably due to the increase of the ionic strength and the increased salvation of 
the solutes as t&e solvent becomes more p0b.r. When the pH of ammonium acetate 
was below 6.0, two peaks vwere observed for each disaccharide, especially for the 
nonsulfated one which suggests that anomeric forms were separati 

It was possible to separate the distiated and trisulfakd disaccharides derived 
from degradation of heparan suKate and heparin with heparinase from mm-sulfated 
and monosulfated disac&arides in one chromatogram by a coxave gradient eMion 
(curve No. IO, soEvent programmer) with increasing ammonium acetate content from 
20% to 45% within a ZO-tin period. The total cbromatograpbic time was 30 min. 
However, a spe&ic ion-pair reversed-phase HPLC method appears to be mere 
rapid and sensitive for the determination of these disralfated and trkdfated disac- 
charides. Fig. 3 shows a separation of 4Di-He,-1 from other disaccharides. The 
4Di-diSa appeared at 5.5 min and was completely separated from 4Di-HeA under 
t&se conditions, This peak probably iccates the positions of disulfated disaccharides 
expected from heparan sulfate and heparin. The k’ value of 4Di-He,-1 decreases 
with increasing methanol content in tie mobile phase_ 

Linear relationships between the amount of disaccharides injected (100 ng to 
5 pg) and the peak zrea of disaccharides were observed in both HPLC procedures as 
shown in Fig. 4. Seven injections of a tied amount of 4Di-H&-HI employing the 
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Fii 3. Ion-p& chrotnatograpbic dutioa of the tristiatetd dimxbride from a reversed-phase col- 
umn. The peaks at about 3 cnin contain 4Di-H&-T, 4Di-EE%-II, 4Di-HZ&IlX and solvent front- 
Cihmn, Whatman Fwtisil 10 ODS; mobile phase, methanol-water (llk90) with PIE-A reagent; 
ffowrate: 1 snI[aCn; pressuq 800 p.s.i. The amount of 4Di-He,-1 injected was 22Spg. W detec- 
ticm at 254 mn, ems a.uf.s. 
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PQ of ulmfumfed iIis;ccch,lrides 

Fig_ d L&arity of respmse plots for HPLC de+ .cnnination_ . = dDi-I&-III in Pax&ill0 PAC 
cchmn proadure; 0 = dDi-He.-1 in ion-pair rwezsed-phsc (&r&ill0 ODS co1um.n) proccdurc. 

Partisil 10 PAC coiumn procednre and of dDi-He,-I in the ion-pair chromato- 
grapdi’c procedure gave relative standard deviations of I.04 7; and I.43 % respectively_ 
The de’kction limits were 20 ng (ADi-H&-III) employing the Partisil 10 PAC 
coIumn and 40 ng (d Di-He,-I) wit& the Par&i1 10 ODS c&mm with a signal-to-noise 
ratio of 3 :l. These results demonstrate that the two HPLC procedures described 
here together provide a useful means for the q~tification of unsaturated dkac- 
charides which are produced from enzymatic de_mdation of heparan sulfate and 
keparin. 
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