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ABSTRACT 

Purified porcine heparin was hydrolyzed with 0.5~ hqdrochlow ncid for 20 6 

at SO”. The neutralized hqdrolyzate ~\as subjected !o gel filtration through Sephadex 

G-ICI. Fracrioos containing producls of higher molecular weight than disaccharide 

:vere treated repeatedly by the foregoing procedure. The dlsaccharidc-containing 

fractions thus obtained were purified by preparatw, high-voltage paper electro- 

phorpjis at pH l-9, and IIVO disaccharides were then sepamied by multiple, preparatwe 

paper-chromatography. The yields of the disaccharides (P-4 and P-S) v.ere 13. I and 

3.5 mg. respectively, in terms of D-glucuronic acid, from 300 mg of rhe srartinp 

heparin. As P-I was not homogeneous. it ws further purified by preparatiks, high- 

voltage paper elcctrophorcsi% at pH 2.7. Arlalytical data of P-l and P-5 and of their 

N-acetyl derivatives (P-M and P-5A) b&or< and after reduction iiith sodium boro- 

hydride indicated that P-4 and P-5 consisied of equimolar amoun1s 3-~nlino-2-dco~g- 

~-glucose and hexuronic acid. having hexuronic acid at the reducing end. The 

hexuior,ic zcid in P-GA and I)-SA was determined by g.1.c. to be L-iduronic acid and 

D-g!UCUrOniC acid, respectively. After reduction of the products obtained b> Smith 

degradation 01‘ the reduce.! P-IA and P-5A, thrcitol xnd erythritol. respecwcly, and 

also glycerol here detected by g.1.c. The ,z-nnomeric configuration of the 2-acctamido- 

2-deouy-D-,olwopyranosyl lmkages of P-4A and P-5A ~\as suggested by i r. and 

p.m.r. spectra and by :he high de\trorotations; [ulji’ va!ues of P-44 and P-M were 

+91.6” (ia water) and + 114.9” (in water). respectively. The foregoing abservntions 

indicated thar P-4 and P-5 were O-(2-amino-2-d:oxy-r-D-gluropyrano~yl)-( I +3)- 

L-idopqranuronic acid and O-(I?-amino-Z-deoxy-a-D-glucopyranosyl)-( I +l)-D-gluco- 

pyranuronic acid, resFe;Gvely. 

INTFtODUCTlON 

It had been considered that heparin is a polymer consisting of a sulfated 

derivatimie of 3 repeatin O-(2-sulfoamino-2-deo\g-cr-D-glucopqranosyl)-( I -+1)-,x-~- 

glucopyranosyluronic acid (see ret-. I). In a prz:ious paper’ bee reported that 
L-iduronic acid was the major heanronic acid in the deammatwn product of hcparin. 
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.41so, this urooic acid nas detected in the deamination product of a disaccharide 

fracrion obtained by acid hydrolysis ‘. Therefore, we assumed previously’ that 

deaminative cleavage of the glycosidic linkage between C-4 of D-glucuronic acid and 

C-I of ?-amino-2-deoxy-D-glucose resulted in the concomitant epimerization Of 

D-glucuroulc acid to r-iduronic acid. Hoiiever, L-iduronic acid has been shown to be 

the predominant uranic acid of heparin’-d. hloreover, it has been sholvo reozntly 

that r-iduronic acid residues arc formed by epimerization, at the polymer level, at C-5 

of D-,glUCUrOniC acid residueso,“. In addition, Lindahl and Axelsson6 stated that the 

nevuronic acid in our disaccharide should Ire L-iduronic acid, because they obtained 

tie corresponding disaccharide consisting of L-iduronk acid and Z-amino-2-deoxy- 

D-glUCO% after acid hydrolysis of heparin. 

in order to reinvestigate the pre\iously described disaccharide, we iv!dted 

dljaccharldcs from an acid hydroljzate of heparin. This paper reports the isolation 

and characterlzafion of CH’O disaccharides from porcine heparin. In addition, a 

correc:ion of rhc previous assumption was made. 

:l/arC~ria/j. - F’urlfied porcine heparin was purchased from Taiyo Fishery Co. 

Ltd.. \I’ohosula. Threltoi and erythritol were prepared by the reduction of threose and 

cqthrose obtained by the method of Perlin”. D-GkXIrOniC acid ~‘3s purchased 

from Nakarai Chemicals Ltd.. Tokyo. L-lduronic acid was the material reported 

pre\ioUsly . I2 Other materials were from commercial sources. 

Prqararion of crrrde disaccharrdes. - Purified porcine heparin (300 mg) was 
treated Hith 0.5hl hydrochloric acid (30 ml) in a glass-stoppered tube for 4 h at do’, 

followed bj heating for 20 h at 80’. The hydrolyzste was cooled in an ice-bath, and 

then neutralized with hl sodium hydroxide. The neutralized solution was concentrated 

to Ion Lolume ir; l’acuo, and then passed through a columo (146 x 2.65 cm) of 

Sephadex G-IO, collecting .5-m! fractions. As disaccharides were eluted between 

fractions 69 and S7, these fractions \vere combined. The fractions eluted prior to 

fraction 69, which contained products of higher molecular Height than disaccharide, 

were pooled and then evaporated under diminished pressure. The residue uas 
hydrolyzed with 30 ml of O.Sfif b,drochloric acid for 20 h at 80”. The hydrolyzate was 

then treated by the foregoing procedure. The procedure was repeated 9 times 

altogeiher. The resulring disaccharide fractions were combioed and then concentrated 

to low Lolume. and the concentrate was desalted by gel fillratron through a column 

(146 x 2.65 cm) of S.pilade\ G-IO. The desalted solution was then concentrated and 
lyophilized. 

High-l olcage paper cft~ctrophoresis. - High-volta_ge paper electrophoresis was 

carried out on a Togo HPE-V apparatus at 5-20”, with Toyo filter paper No. 50. The 

elezirophoresis was performed in formic acid (98%)~acetic acid-water (176:100:724, 

by volume: pH 1.9) at a potential gradient of 50 V/cm for 70 min and/or in pH 2.7 

buffer’ ’ that had been prepared by tie addition of 98% formic acid to pyridine-acetic 
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acid-water (1:10:59, by volume), at a potential gradient of 100 V/cm for I IO min. 

Compounds were located by staining with alkaline silver reagent. 

Paper chromalographv. - Paper chromatography \\a~ carrlcd out on Toyo 

filter paper No. 50, by one of the folio\\ ir: g methods: (a) multiple ascending dwelop- 

ment with ethyl acetate-acetic acid-water (100:34:-iO, by volume), ethyl x&ate-acetic 

acid-water (lOO:37:50. by volume), and ethyl acetate-acetIc acid-bvater (100:40:60, bq 

volume), in juccession (each dsvelopment WZIS conducted for 15 h at 323’ after drying 
the paper); lb) descending development in pgridine-ethyl acef3fe-water-acetic acid 
(5:5:3:1, by volume) for IS h af 20-; and (c) descending developmenr in I-butanol- 

pyridine-water (6:-M, by volrtme) for 24 h zf 20’. Compounds were locattld by 

staining with alkaline silver rP-\gcnt. 

N-Acefyfation of dismr’narldes. - Fraclions P-l and P-5 Lrere N-acel>lated by 

the method of Danishekky and Steiner”. and the resulting products \\ere designated 

as P--IA and P-SA, respccti\ely. 

Oeanunallon of dlsacrharirks. - Deaminnrlon of disncchandcs \c;is performed 

with sodium nltrite (IO mol4mole) In IO "b acetic acid overnight at 1-4’. The mixture 

v.as applied to Toyo filter paper No. 50, and subjected to high-voltage paper electro- 

phoresis at pH 1.9 as already described. The product remaining at the origin was 

elutecl with water from the paper. The solution ~3s concentrsied and then Iyopbilizcd. 

The deamination prcducts thus obtained Here then methsnolgzed jvith 39; methanolic 

hydrogen chloride for 8 h at 1004, and then analyzed by &. G.1.c. of the trimethyl- 

silyl erhers of the foregoing products was conducted by the methods of S\veelsy (71 al. ” 
and kamnkawa and U&a’ ‘, using a 3-m column psched ~rlth 3’tb Ucon LB MO on 

Chromosorb W (AW-HRIDS) at 165’. 
Reduction ofdisacclrarld~s. - A portion (-7 m,g) of the h-acelylated dlsaccharrdr 

(P--IA or P-SA) was dissolved in I .O ml of 0. I XI borsir: buRer (pH 7.3) and then I .O ml 

of O.lhr sodium borohydride was added to the solution under cooling in an ice-bath. 

The mixture was kept overnight at 4” ana then acidified witk dllutc hydrochloric xld 

to decompose the excess of reductant, and I>ophilzed. The residtle was dissolved in a 
small volume of water, and rhen desalted 6) gel filtration through a column (I-IO x 

1.3 cm) of Sephadeu G-IO. The fractions containing the reduced disaccharide \Ccre 

combined and then concentrated and Iyophihzed. 

Smirh degradafion of the reducrd disaccharides. - Smith degradarlon was 

carried out by rhr method of Yamaguchi and Kuriyama’“. .A portion (I mg) of the 

reduced disaccharide prepared by the fore_roing method \caj okidlzed \\~th 3 ml of 

0.015~ sodium merapcriodatc for 30 h at I-2’ in dark. When oxidation was effected 

for 60 min at 0”, parr of the heauronic acid was oxidized, but most of the Z-aceramido- 

2-deoly-D-glucose residues remained inract. Therefore, we conducted the procedure 

for 30 h at I-2” to oxidize I,?-glgcul groups completely. The oxidized products thus 

obtained were then reduced with sodium horohydride overnight at l-7”. The mixture 

was acidified with acetic acid to decompose the e.xcess of reductanr, with subsequent 

addrtion of 2 drops of saturated, aqueous lead acetate. The mixture was then cooled 

in an ice-bath, kept for a while. sad theo filtered through a Toyo membrane filter 
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ThI-2. The filtrate was passed through a column (IOx i tin) of Dowex 50 resin 

(i-i + form), and boric acid was removed from the effluent by repeated evaporation to 
dryness \rlch methanol under diminished pressure. The residue was hydrolyzed with 
I .O ml of 0.W hydrochloric acid for 4 h at 100”. Hydrochloric acid Itas removed from 

tire hydrolyzate by repeated etlaporation to dryness with methanol in IWCUO. The 

residue \vas then dissolved in I.0 ml of water, treated with IO mg of sodium boro- 
hydride under cooling In arl ice-bath. and then kept ovemigbt at 4”. The e.wzs~ of 

reductnnt ~vas decomposed ~irh acetic acid, and the mixture ti’as passed through a 

column (5 x I cm) of Done> 50 resin (I-Z’ form). Boric acid was removed by the same 

procedure a~ before. The residue was heated again with 0.W hydrochloric actd for 

2 h at 100.‘. followed by the same treatment as before. Bq these treatments, most of the 
tstronic acid \\as con\*erted into tetritol. The products krere then triffuoroacefylatcd 
by the method of Imanari el al.! 7, and analyzed by g.1.c. G.!.c. \%as conducted on a 

Slumadzu GC--IB gas chromatograph, using a 3-m column packed with 30,; SE-30 

on Chromosorb \V (AIV-Hhf DS) at 70’. 
lnfiurtid xpsrlra. - 1-r. spectra \sere recorded on I-mg samples of the com- 

pound in pellets (200 mg) of potassium bromide. using a Hirnchi bfodel EPI-G2 
1.r. spectrophotomzter. 

PI-GlOll ,mgttrfic r~sotlance (p.m.r.) speciru. - P.m.r. spectra were recorded at 
100 hlHz with a JNhl-PSI00 spectrometer, using sodium 4,-l-dimeth~l-kilapentaoe- 

I-sulfonstc as the internal standard in deutsrium oxide. 

Dzlert~hziior~ of c oil_irituetlts. - Hckuronic acid was determined by the 
carbazolz method of Discheis and by the carbszole-borate method of Bitter and 
hlulr’“. Z-Amino -2-deo\y-D-glucose \vas determined by the indole method of Dische 
and Borcnfreund”, and by the Elson-hforpan procedlrrc ofGardell”’ after hydrolysis 

\\ith 41 hydrochloric acid for II h at 100’. Hevuronic acid was also determined by 

_e.l.c. as follobts: h’-acct>lated disaccharide ivas methanol~zed wtb 37’0 methanolrc 
hydrogen chloride far 15 h ;I[ IOCJ’, and rhen the solution *as ebsporated to dryness 
under dimrnlshed prejwre. G.1.c. of trimetb~lsllji derivatives of the metby! 

hexojiduronates \ias conducted 8s described for the analysis of the desminstion 

products. 

Prepurtt/im y/ rite disucslrarid~ fracrim. -- Purified porcine heparin (300 mg) 
\xas h>drol> zcd N 1 t tl 0.5~ hydrochloric acid as described in the experimental section, 

followd by gel filtration through a column of Sephadex G-IO (Fig. I). As analytical 

data indicated that the fractions betiteen 69 and 57 contained disaccharides, these 
fractions \!ere combined. The fractions elutcd prior to fraction 69 contained oligo- 
ssccharldss of higher molecular iitight than disaccharide. These fractions were then 

pooled and subJectsd to rebydrolysis to obtain disaccharides as described in the 

e\perlmcntal 3ec:Ion. 

The drsaccharlde fractiocs thus obtained from nine such treatments were 
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60 80 
number 

comhined treated ;1s described in the experimental section. The resulting. 

Igophilized products were then subjected to prepxarw. hlph-voltage paper elsctro- 

phorcsis. using the pH I.9 buffer as described in the c\perlmcntnl ssction. Five spots 

were obxrved by staining N Ith alkaline alter rcqcnt (Fig. 3). The substances on the 

paper. deGgnatcd l-5, Kerr elutrd \rith tvatzr from thz paper. Analyrical data ior 

these substances indicated that disaccharides were present in the eluarz from 3, G hich 

\baj dcjl_mat<d E-3. The yield of E-3 nas 9,9’.L of the weight of the starting heparin, 

in terms of o-glucuronic acid as dcterminrld by the melhod of Biller and hluir”. 

/solarion of III o di_saccharidss. - The foregoing camponwt (E-3) was purified 

by preparative paper-chromato_graphy, applying multiple. axendmg development 315 

described in paper-chromatographic method (a) (Fig. 3). Six spots ( I-6) were detected 

by staining \\ith alkaline sliver reagent The product In each spot was elurcd from the 

paper Hirh \+atr. Analy:.icai data lndlcnted that the products from spars 4 and 5 trerz 

disaccharides. denoted P-4 and P-5, respectively. Disaccharides P-4 and P-5 ~er(: 

purified by rechromatogrsphy tii~ce and threr: times. respectively. by the same 

prepararibe, paper-chromatopraphic procedure. The gelds of P-l and P-5 Lrere 13.1 

and 3.8 mg, respectively. in terms of D-glucuronlc XI~ 3s determined tub rhs method 

of Bitter and hiuir’“. Of the disscchsrides. P-5 \\cz~ shoibn to be homogeneous by 

paper chromatography in the thrzr systems used 2nd by high-volragc paper electro- 

phorcslj in the two buffers dcscrlbed, \A hereas P-4 was not homo_geneous. Thrrrforc, 

P-4 WCS further purified by preparative, high-vo!tase paper electrophorssij using the 

pH 2.7 bulTer Af:er elution from the major portion of thr: spar. on thz paper, the 

resulting preparation of P-4 was homogeneous in the foregoin? crlteris. 
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FIN. _‘. Tracing oi a high-Loliagc. paper elcctrophorctogram or the disscchsrlde frxt~on in formic 
acid-accllc acid-uater (176 100:724, by volume. pH 1.9) bufier nl porential gradlent of 50 V/cm for 
70 mm. Products were located by stnlning with nlkdinr siker reagent. GlcN. 2-smino-2-deouy-D- 
glucox; D. dlsaccharlde irociion. 

FIN. 3. Traslng oi ;r paper chromaiogrnm of E-3. Paper chromatography uas performed by multiple. 
ajcendlng debclopmenr uith ethyl 3cet31c-xellc ncld-wlter (100’31:40, by volume). ethyl xe181e- 
BC~IIC acid-uakr 1100.37:50. by rolume), znd elhll xemle-xe[ic ac:d-water (IOO~u):60. by volume). 
ln ~uciess~on Eich dskelopmenr was carrwd out for 15 h 01 16 afler doing rhe paper. ProducLs 
v.ere located hy sraininp \vilh nlkaline silver reagent. DH IS G psual hydrolyz3te of dexlran (0.5~ 
suliuric aciil 25 min, 100’). 

Chawcteri:ation ofdisaccharides. - Analytial data for the purified preparation 

of P-4 and P-S and their Wacetyl deri:ati\es (P-IA and P-5A) are listed in Table I. 

The data showed that these compounds consisted ofequlmolar amounts of hexuronic 
acid and 2-amino-2-deouy-o-slucosz. The reduction products from PdA and P-5A 

contained 0 and 3 _%, respectively. of hexuronic acid in terms of D-glucuronic acid as 
compared \\ith the srarting materials. These observations indicated that P-4 and P-5 

were disaccharides, having hexuronic acid at the reducing end. The hexuronic acid 
va!ues obtained by the carbazole method of Dische were high. as was that for the 

starring heparin. 
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TABLE ! 

SUGAR 0XfPOSITlO?? OF DISACCHARIDES AND THEIR DERlVAllLZS 

Frarrion Uranic acid ‘-Ammo-I-dtv \J-D-glucose 

Db B-hl’ D-P G’ 

P-4 
P-l A 

P-IAR’ 

P-5 

P-Sh 

P-5A R’ 

I.50 100 0.75 0.55 
I.15 I .OO O.S!3 

0.00 I .Oo 

1.53 1.00 O.&O 0.93 

I.35 I .OO O.F7 

0.01 1.00 

“SIJ~X composlrlon 15 ekprcsscd as the molar ~AIIO 10 uromc acid ~~luc. 3s dewrmmed b) the method 
oTB~ttsr and hlulr” for P-4, P4A, P-j, and P-SA. For lhclr rcdticufin producls (P-I.\R and P-S4R). 

il IS expressed ils molx rdI10 lo 2-;lmlno-~~deoay-o-~iu~o_~. 5s dewrmlrwd b> the method oi Dl,che 

and BorenfreundZo. “Dctermincd by the method oi DlsChC”. zDewrmincd by the mcrhod of Bitter 

and hlulr’9. ‘Dekrmlncd hy the mcrhod of DIsche and Borenfreund”‘. CDetermlned by Ihe method 

of GardelIz’. fReducuon product or P-IA. OReduclion product of P-54. 

Paper chromatograms of the acid hydrolyzate (Jar hydrochloric acid, 12 h. 100’) 

showed the presence of 2-amino-?-deoky-D-glucose 3s the sole 2-amino-?-dco\y-D- 

heuose. G.1.c. of the trimethyl~ilyl ethers of the methyl glycosides of hexuronic acid 

shoiied the presence of L-iduronic acid and D-glucuronic acid in P--IA and P-5A. 

respectively (Fig. 4). hloreoier, g.1.c. of the denmination products of P-4 and P-S 

showed the presence of the same hevuronic acid as just noted, in addition to 3,5- 

nnhydro-D-mannose: the latter gave a major peak (emergence time 25 min), and two 

minor peaks (emergence times. 22 and 30 min). These data indicated that P-3 and P-5 

were 0-(2-smino-3-deo~y-D-,olucopyranosyi)-L-idopyranuronic acid and O-(2.smino- 

2.deouy-D-glucopyranosyl)-D-glucopyranuronic acid, respectively. 

The reduction products from PdA and P-5A lrere subjected to Smith degrsda- 

tion. The products \\ere then reduced with sodium borohydride as described in the 

experimental section. The results of g.1.c. of the products showed the presence of 

threitol and erythritol, respectively. as Itell as glycerol; these compounds gave peak 
ha\ Ing emergence times of I2 min (glycerol), 23 mio (erqthritol), apd 30 mlo (thrrltol). 

Glycerol was not detected in an early stsgc of oxidation. hut tetritols \rrere always 

detected. The reduced P-4A and P-5X each consumed 3 moles per mole of periodate. 

These observations indicated that O-4 of the heiopyranuronic acid of P-4 and 

P-5 was substituted by 2.amino-2-deoxy-D-glucopyranose. 

The optical rotations. [cz]~. of sodium salts of P-IA and P-5A were f91.6’ 

(in water) and + 114.9” (in water), rrspscti\sly. The high dextrororarion of these 

compounds suggested the a-anomeric linkage in the 2.acctamido-2.deoxy-D-gluco- 

pyranoside component. 

1.r. spectra of sodium salts of P-IA and P-M showed weak absorptions at 

835 cm- ’ for P-44 and at 840 cm- ’ for P-M, suggesting the presence of Sr-glycosidic 

linkages in these compounds. 
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20 LO 60 a0 mm 
Hl”“lC 

FIB. 4. Gas chrom~[ogrsms or uron~c acids or P-l4 and P-54. G.I c. of trtmethylsllyi deri\all\es oi 
methyl hcuo:iduronsws was pcrformcd with a 3-m columfl pacbed wifh 50,: bcon LB 550, on 
Chromosorh \I .a~ 16.5 3s dexrltrcd IO Ihe ~r’xt. hl. mrlnnltol; a. h. c. and d, L-lduromc acid: e. f. g, 
and h, D-glucuronlc acid. As g35 chromatograms of authsnuc ssmples of L-iduroms tad and D- 

glusuronii .lild \\crc ldcntlcal \\ith thoje of P-4.4 and P-54. rrjp~c[lvel~. the chromarograms of the 
a JthenLIc uronli ocldj ar? not shokn III lhl> figure. hl. interns1 standard. 

P.m.r. spxcra of sodium salts of P-GA and P-?A arz shown in Fig. 5. In the 

spectra, isolated jl_pnals. b to e from P-44 and f to g f!.orn P-54. were observed. 

Signals of e 31 5 2.00 and j nt Li 2.03 can be ascribed to the acetate methyl group of 

,-ncetnmido-2-deo\;g-o-glucopyrnnos}l residues in the ‘C, conformation”‘. 

In the spectrum of P--IA. signal a (ci 5. I 1 -S.W) may be the overlapped signa!s 

of the aoomcric prorons of the IHO consicoent sugars. After reduction of P-44, 

s~_gnal a changed to a narrow-spaced doublet (5 5.20, J = 3 Hz). This signal may be 

ascribed to H-I of rhe cy-anomer of a .I-acethmido-2-deoky-D-,oiucopyranosyl residue 

in the ‘C, conformation. In additioo. the signals that disappeared after the reduction 

of signal 2 may he assigned to ;L- dnd /I-anomeric protons of L-idopyranuronic acid. 

The two dolJblets b (b 4.63) and c (6 4.40), havit-q spacin,gs of 3.0 and 2.1 Hz, 

respectively. may be axribc’d to H-5 of the z- and /3-anomers of an L-idopyranuronii: 

wid residue in the ‘C, conformation, based on the assi_mcnt of Perlin et ~1.‘~. 

,4lso, signs1 d (8 -I. l9), hsvin g a sma!l coupling-constant (J = 3.1 Hz), may be 

sscribsd to H-3 of the r-ldopjranuronrc acid residue, as assigned by Perlin er al.“. 
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FI_E. 5. P.m.r. spsIra of sodium SZIIIS of P-IA and P-M. P.m.r. spsclra ttsrr‘ recorded a~ 2.S and LO 
for P-44. and at 15 and 70’ for P-.59. 
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In th2 sptctrum of P-5A. signal f(b 5.36) may be attributed to the a-aoomeric 

proton of the 3-acetamido-3-deoxy-D-glucopyranosyl rrsidue, becausz it is 3 one- 

proton doublet of sm3ll spacing (J = 3.0 Hz). Judging from the chemical shift and 

large coupling constant (J = 8.0 Hz) of si_gnal h (3 4.5S), it may bc ascribed to H-5 of 

3 D-glucop~ranuronic acid residue in the ‘C, conformation. doublzt sign3l 

(d 5.1s) narrow spacing = 3.5 and signal i (6 4.13) having 3 large 

coupling-constant (J = 9.0 Hz). msy be attribut2d to 1112 snomeric protons of the z- 

and /3-znomers. respecliv2ly. of the o-glucopyranurooic acid residue. 

In the previous paper’, NC found L-iduronic 3cid in the dcamination producrs 

of hepnrrn. In addition. a dissccbstide fraction consistmg of hexuronic acid and 

2-amino-2-d2oxy-D-glucosr 1\3s obtained from an acid h>drolyzatz of heparin”. As 

hexuronic acid valuer determined hy the carbuolc method were \ery high. the 
hexuronic acid \\a~ assumed to be o-glucuronic acid’, becaujc tt had been thought 

thsr D-glucuronic acid nas the major hevuronic acid in hzparin. Hol\c:er, L-iduronic 

ecid ~3s rhc onI4 dekxrable uranic acid rn the dcaminrtion product of the disac- 
charide’. D’2 assumed. therefore, that L-iduronic acid might be a product of 

epimerlzation from D-glucuronrc acid. which 1~3s produced by dcamlnative cleavage 

cf th2 T-D-( I-+4) ilnhage of 3-amino-2-deoxcy-o-glucopyranosidz’. Honeker, 

r-lduronic scid has been found to be a major heluronic acid in heparin, together with 

b-glucuronic 3cid”-‘. Also, Lindahl sod As2lsson ’ isolated 3 disaccharide com- 

ponent of hepsrin. I!-3mino-l-deoly-D-glucosyl-L-iduronic acid, from 3n acid 

hjdrol>zatz of heparin. nlthough I[ was not chsracr2rized definiti!elg. 

lrl the present paper, we isolated t\\o disaccharides (P-4 and P-S), from an acid 

hydrol)zatr: of porcinz hzpat-in by gel filtration, przparatwc, high-voltage psper 

electrophoresis. and preparative. paper chromatography. The data of the cbnrac- 

terizcltion, described In the Results section. of f-4 and P-5 and their N-acrltyl 

dcribarives (P-44 and P-5.4) indicate that P-4 snd P-5 are O-(2-smioo-Z-deo\y-r-D- 

Slucopyranoj>I)-( I -+3)-L-idop>ranuronlc acid, and O-(2-amino-&deoxy-r-D-gluco- 
p:;ranosyl)-( I +4)-D-glucopyranuronic acid. respectively. As the ratio of the yields of 

these compounds was approuimstely 3: I. the disaccharids reported previously’ might 

be mainly P-G. Morcoler. D-glucuronic acid in P-5 did not produce L-iduronic acid by 

deaminarioo. Therefore. the t_-idurooic acid found preiiously’ in the deaminafion 

products of the disaccharide and hcpario ~3s not the epimcrizntion product of 

D-_glucuronic acid, but 3 m3jjor constituent of these compounds. This conclusion 

coincides with the report of Lindshl and Xrelsson6. 

The (I -4) glqcosrdtc linkages of Z-amino- 2-deoxy-D-glucopyranose in heparin 

h3vve been reported to be ‘I-D (~22 ref. I). Specificnlly, Wo!from ef al.“’ reported :he 

isolation 3nd characterization of U-(Z-amino -2-deoxy-r-D-,oiucopyr3nosyl)-( I 44)-z- 

D-zlucopyranose from 3 graded acid hydrolyzatz of pnrtially U-acetylated, partially 

dejulf3ted, compleiely carbouyl-rzduccd. and N-acetylated heparin. Furthermore, a 
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disdccharide identical 

acid hydrolyrate of heparin. The present stud} 

on ?-5 (and P-5A) has confirmed their results. 

On the other hand. the presence ofan O-(2-amino-2-deouy-~-D-plucop~ranos~l)- 

(I -A)-cc-L-idopyranosyluronic acid unit in heparin was suggested by n.m.r.-spectral 

studies at the polymer leve15~“, as well as by the susccptibilit> to heparinase*.2h*‘7. 

This was also suggested from biosynthetic studies on heparing.“. Rigorous evidence 
of this structure was provided directly in the present stud) through ths isolation and 

characterization of P-4 from an acid hydrolyzate of hcparin. 
In the present study, INO kinds of disaccharide units from an acrd hgdrolyzate 

of heparin were isolated at the same time and then characterized. The results should 

be valuable for the direct elucidation of the structure of heparin. It should be noted, 
however. that these disaccharides give no information about the sulfate groups in 

heparin, an important structural a:;ct that cannot be studied by the approach used 

hertz. 
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