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Analysis of Contaminated Heparins by the Combination of Glycosaminoglycan
Degrading Enzymes and Nuclear Magnetic Resonance Spectroscopy
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Abstract — We examined the purity of six heparin samples by using heparinase, chondroitinase, 'H-NMR, and polyacrylamide
gel electrophoresis. To obtain high molecular weight contaminants from heparin samples, heparinase I - digested samples were
subjected to the exhaustive microcon filtration. The filtration process removed heparin-derived di- and oligosaccharides effec-
tively. By combining chondroitinase ABC treatment and strong anion exchange - high performance liquid chromatography, the
result showed all six samples contained chondroitin sulfate as a contaminant ranging from 1.3 to 14.9%. Among them, sample
S3 showed the highest content of 14.9%, which was further analyzed by chondroitinase AC treatment to confirm chondroitin
sulfate B (dermatan sulfate). 'H-NMR chemical shifts of N-acetyl groups clearly suggested the existence of chondroitin sulfate
B (sample S3) and oversulfated chondroitin sulfate (samples S2 and S4) as contaminants. In addition, polyacrylamide gel elec-
trophoresis was useful for qualitative detection on the sample's purity. These results suggest that the tools of heparinase I and
chondroitinase ABC in combination with NMR spectroscopy would give very useful information for investigation of heparin
contaminants such as oversulfated chondroitin sulfate and dermatan sulfate in heparin samples.

Key words — Heparin, Oversulfated chondroitin sulfate, Heparinase, Chondroitinase, Analysis, Dermatan sulfate.
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Glycosaminoglycans Disaccharide unit

CH,0S05

Heparin

Chondroitin sulfate (A type)
(CS A)

OH NHCOCH;
CH,OH

Dermatan sulfate
(DS)

Oversulfated
chondroitin sulfate
(oscs)

0805 NHCOCH,

Fig. 1. Structure of heparin, chondroitin sulfate A, dermatan
sulfate (chondroitin sulfate B) and oversulfated chondroitin
sulfate. The structure of OSCS was taken from the reference 2.
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Z7o 2 ARESH F 3 (189 IU/mg) =2 0|3 ke
A HE=A 3| AL A F (New Zealand Pharmaceuticals,
Palmerston North, New Zealand)S A[&-3}% T} ©o]Z2 1]
=9] USP2} G=12] BPY| 40l wje} Azt Al EF=0lrh.
Chondroitinase ABC (Proteus vulgaris)?} S=Z20[E18HA B
(porcine intestinal mucosa)<= Sigma (St. Louis, MO)°l| 4]
T3+, chondroitinase AC (Flavobacterium hepa-
rinum), chondroitinase B (Flavobacterium heparinum), <
T 20]El8Ak C (shark cartilage), TE=F0|E18HAE o]t &
FZ (AUA-[1>3]-GalNAC), AUA-[1->3]-GalNAC6S), AUA-
[1—3]-GalNAc4S)> Seikagaku (Tokyo, Japan)ollA 43l
A AMgstA T FEZo|RISAE A (bovine trachea)=
Calbiochem (San Diego, CA)A +4 3 Th SR =
St heparinase 1 (Bacteroids thetaiotaomicrony® GenbankZ.
T §12E 295t TAAAX BAS AL AMS
A, Fa0] B 187 FH o|FHe AL 1 unit
2 A9g u 8.0U/mgo]| St} Tris-acetate buffer (50 mM
Trizma® base, 60 mM sodium acetate, pH 8.0), phosphate
buffer (250 mM NaCl in 50 mM phosphate buffer, pH
7.07F &4~ vEES fIsiA AREE I

7171 —UV spectrophotometer (V-550, JASCO, Tokyo,
Japan), AKTA npurifier system (Amersham Pharmacia,
Uppsala, Sweden), UNICORN software 5.01 (Amersharm
Pharmacia), SAX column (4.6x250 mm, 5um, Thermo
Hypersil-Keystone, Bellefonte, PA) A& ]t} NMR-2
500 MHz Bruker (Billevica, MA)S ©]-8-3}%3, & Al
£ D,0° =] AAIEATE HOD I 3E 4.70 ppm 2 3
Sk 5 482l chemical shift 7S AT

Agarose Gel Electrophoresis — 1.0% agarose gel powder
(Cambrex Bio Science, Rockland, ME) £ 1x TBE buffer
(45 mM Tris-borate, 1 mM EDTA)®ll =o]al Eof Hof
agarose gels WFERITE sample 10 mg/ml & H3 57
ol =A(3 HFFEF 100 ug EA 60 % sucrose 9F 1 :
1 B1E&E AUtk A719%F X agarose gels B gel
o] 7171 1 TBE buffers: 71530t A 85 2H2t wellel
20 ul & loading3}3Z power supplyell ZA3H 100 VellA]
4057 71958 3T gel& wiA] 0.5 % Azure A (in
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methanol : acetic acid = 6 : 3 : 1 8] &7 223}

=C|ZA0[ =222 B S A0 25 sutEl Azl &
ol —3lule] ShiEe Yoliy] 93] NZP 3 S
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759 =4 250 mM NaCl in 50 mM phosphate buffer
(pH 7.0)¢} 4o AFE5%E 1 meo] A ¥ FA) =
Bacteroids?1 <] 23+ heparinase 12 10 ul¥ ¥ojA 37°C
oA el A1717] 913 232 nmelA S8 SV 9
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< W7EA] 12417F o)’ WESAIZITE EEREoldSike] St
ZFe dolr 7] 93] chondroitinase ABCE 50 mM Tris-
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slo] FEEI AEES 50 mgmlE F994 buffers) 410] &
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B3l pH 6382 Th&E) 2/4JH| 2 YEE polyacrylamide
gelS ©]83la. AlF 10 plE 60 % sucrose in resolving
buffer (pH 8.3) 10 pl ¢} 4701 =& 20 pl loading 3} 52
100 VE 3 A7+ 17195 a1k 1719 %3 0.5% Azure
A (in 0.1% acetic acid)°ll & 30&7F G337 distilled
water : methanol : acetic acid = 6 : 3 : 1 &Y &9
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Fig. 2. Overnight incubations of heparin samples with hepa-
rinase 1.
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Fig. 3. Overnight incubations of heparin samples and NZP
chondroitin sulfate with chondroitinase ABC.
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(A3} WA, WEgA Fell thate] SAX-HPLCE #4331
t} (Fig. 4). Chondroitinase ABCE Al /2| A 59}
NZP ZEgo|H8e: A S W] NZP SE=Eo|Hg)
bk g oAl SR/ AIEAM TR =T A5 St
BT A0 Hol AR o] FERo|Hgte] S
A Ses o AT AX T[] AEE Has)
8w, AlE S37F & AEE Hla] 22 A7 Ul (300
2Pl F3= 7P e & A4S #FS Ao, ve
Azl H]El S3¢] ZEREo|Rlgte] o] Was ¢
T AAT ST AEE BobA e BaAI7)7] fIs)
37.5°Col A WhS- A]7] & SAX-HPLCE 43131t} (Fig.
5).
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Fig. 4. SAX-HPLC analysis of heparin samples treated with
heparinase I shown in Fig 1. (I, NZP heparin; II, S1; 111, S2;
1V, S3; V, S4; VI, S5; VII, S6). Numbers 1 and 2 represent
heparin dimer (AU2S-[1—4]-GIcN2S6S) and heparin oligomer,
respectively.
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©o 2 ISl SAX-HPLCZ #2431t} (Fig. 3). 234
o7 848k ykgo] 5AIZ Foll= o ol §3%E St
7} glo] maete] whgo] Et Z o= wnteict 53], S2
o} S4°] 37k S1 8 S5, i sl gl Hls) F=e
AA S A dF g AgEE0] HE T/
glycosaminoglycan 72} 414 U35 78 Axlskal ATt
sk x5=Z 3 A8 8l chondroitinase ABC S 2|3}
of 37.5°Coll WESAIZIEAM AZbe Aole] §3% g S
AT (Fig. 4) 20 AIZF g AR & F3=71 T o
7] = S Rl F ek whg- H Ak wetkst
o] SAX-HPLCZE #4310t} A8 S39] 7% chondroitinase
ABCE Agsils Wl §3=7F S7kske A2 slad A
E Woll F==ogiskilo] EAslal -2 AAISkAL Ut
T} FEROIEIGA A, B, C| TS A 2ot
(Fig. 5-VI).
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Fig. 5. SAX-HPLC analysis of heparin samples and NZP
chondroitin sulfate treated with chondroitinase ABC T shown
in Fig 1. (I, NZP CS; 11, S1; TIT, S2; TV, S3; V, S4; VI, S5;
VII, S6). Numbers 1, 2, and 3 represent A Di-0S (AUA-
[1>3]-GalNAc), A Di-6S (AUA-[1—3]-GalNAc6S), and A
Di-4S (AUA-[1—3]-GalNAc4S).
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Table 1. Percentage of chondroitin sulfate in each sample

Samples Percentage of chondroitin sulfate (%)
Standard : NZP CS 100
1. S1 1.9
2. 82 8.3
3. 83 14.9
4. S4 3.9
5. 85 1.3
6. S6 1.4

Heparinase | X|2| £ SAX-HPLC 24 —Nzp 3|3l
I} A|&E heparinase 1 2 F3A17] A3}, o3} 8|39
o7 Ba=EArt. zF AIEE 100 pg === SAX-HPLCO
TS 232 nmollA] 4757 14 SRt sl S

- )
(a) |
S1 ﬂ/ @

\Ju' ﬁ
1
\JJL |

s5 f

A 4
S JL A

T T T T T T T T T T T T T
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Fig. 6. 'H-NMR spectrum (0 - 3.0 ppm) of intact samples. (a)
The arrows at 2.05 ppm indicate the presence of N-acetyl peak
from heparin: (b) the arrows at 2.15 ppm (S2 and S4) suggest
the contaminant of OSCS in heparin samples.
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A= 2 o9l AUA2S-[1-4]-GIcN2S6S7} 5+ 9|32
Uetston, Se)adE AUt (Fig 4). A4=2= &
T AR b A7k ErES Aws)7F of# sl
Chondroitinase ABC X{2| & SAX-HPLC 24 — Chond-
roitinase ABCE -4 3} A3} NZP Z==g0|6l3kate] sk
TS 100% 2 H4S w, Table 19} 7 yw FrEo|El
SHrto] Algel X0} S ERIBINITE NZP 0|
B3} AR S 100 pg F1=5 SAX-HPLCe F93F3aL
2787 B39t} (Fig. 9). —o] AE S300l= 15%2] =
Zolelshito] FHiEo] S IRIEIAA, AX AR F
FEoelshibe] o] AlY =T ole ke AjolA
39 8% 7P e AR vlE] 2w o B2 A
Y=g},

ol ASLHe| E8tE 22l - 3Y Bt FAI% & SAX-
HPLCE RIgH A3} 3| o|Fz ge]ardo] wol AlA
HA] gkt AlgE FA7E 3t 10K MWCO microcon®
2 A & FHRTE 7ete] FALS WHEEIAL 13—2q °
2 SAX-HPCE 1%+ A3} o]} Z2jargdo] it A

A H ALE B ABE T4 7AFE] NMRE #4315
T NMRE 4] g A3 g ujele] o} Zejargo] ¢

82

83

S4
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.

2.‘8 Z’ﬁ 2‘.4 2.‘2 210 1’5 ‘LIB 1‘.4 1:2 110 0{8 0:6 O‘Il |ppm
Fig. 7.NMR spectrum of heparinase-treated samples after the

exhaustive removal of heparin oligomers. S2 and S3 samples
show the 2.15 ppm chemical shift from OSCS N-acetyl group.
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Zﬁl AAEA] ek microcon®] MWCO 2717} B & % A st e] o|g el AANTE A F1H
< ARESt FUHEE S Ath AEe X AEH 22 A AlE el o3} &e]argo] 01“ A AA =HAJA=A &
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glolsl7] 918te] 23} A g A= heparinase | 22 A= 7% 3 § NMRE F43te] 3 ute o]2]o o Ezlo]
BoE

obd Bt & AxpH o Z [2~14K FA] vro g 397 £ EgE o] JEA] dolrgTt, o] W X AlEE &
28le] SAAZR o}t Fojd AlF cellulose 50 K MWCO o] AUt IS I S2, 1I: S3, III: S4, IV: S5 42 F0]

microcon filterol] -2 ¥ 13,000 rppm &2 108 7+ 94 At
23t Jol e et SRTE FUlet vHEAE NMR 24 —Fig. 62] NMR Z3}ol|A] 2.0 ppme FHL
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Fig. 8. SAX-HPLC analysis of contaminants after chondroitinase ABC and AC treatment. (A) standard chondroitin sulfate A
(Calbiochem), B (Sigma), and C (Sekagaku) were digested by chondroitinase ABC, (B) Sample S3 was treated. Numbers 1, 2, and
3 represent ADi-0S (AUA-[1—3]-GalNAc), ADi-6S (AUA-[1—-3]-GalNAc6S), and ADi-4S (AUA-[1—3]-GalNAc4S). (C) Sample S5 was
treated. Number 1 represents ADi-0S (AUA-[1—3]-GalNAc).
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10 11 12 131415 161718

Fig. 9. Analysis by polyacrylamide gel electrophoresis (lane 1, NZP CS; lane 2, intact S3; lane 3, S3 - chondroitinase ABC treated,;
lane 4, S3 - heparinase I treated; lane 5, S3 - 50K microcon; lane 6, intact S4; lane 7, S4 - chondroitinase ABC treated; lane 8, S4
- heparinase I treated; lane 9, S4 - 50K microcon; lane 10, NZP heparin; lane 11, intact S2; lane 12, S2 - chondroitinase ABC
treated; lane 13, S2 - heparinase I-treated; lane 14, S2 - 50K microcon; lane 15, intact S5; lane 16, S5 - chondroitinase ABC-
treated; lane 17, S52 - heparinase I- treated; lane 18, S5 - SOK microcon). The gel was stained with 0.5% azure A solution.

= N-acetyl peak®] methyl7]2] chemical shifty]S & 4~ U
t}h. T3 NZP s=k21olA 2.05 ppmellA 2 methyl peaks=
HrpglolA] 7QIsk= Z10& Holyl SRR FA), S2
o] 4% F 7N methyl”]7} Rol=u A= (2.15 ppm)
IAAA YehE Alo] o] d el 212 (2.05 ppm)©]

AAeA e Flo] satelolA] 7]1% Aolt}, o] &3
9 2117% °1 RIS 28l NMR=Z £+413] sl|gfdlo] A A7} <t

AL FlF F AR B ThE of3h - s &
Szl AAE shsich (@3t A, B NMRE ol

stod A Al AL o] 2N Hol & (2.15 ppm)S &

ATt (Fig. 7). 53] S29} S3+= chemical shift®] H]wE A
s & E"%]% o AU 28} Sa= 2 FHC o]
=Ho] Ao S AR Fls T AT FHZol T
x4 04?-3'; o 41'*? 0SCSe] N-acetyl®] methyl ¥ =7}
2.15 ppmell YERES FRIsL, ol & Ao A#et
ARkt gk F2ol] | ak o]E2 9] NMR #4°] ot
& o RyEen'” B Axr) ¢ sS4
T At

Heparinase | 22 s|oi2lE =38H5t0f HAHS =
ChondroitinaseS ArZ510{ MEEA - NMR2 551
gle] ojg¥} Zejargo] Ao AAE Ag IR AR
S 54 7133} chondroitinase® #3l|A17] & Z=2o¥l
gake] Shy 52 SAX-HPLCE ¥l st} (Fig. 8). &
AE 3VHAE AFE-EF=1] chondroitinase ABC, chondro-
itinase AC, chondroitinase BE AF&-3le] E3jjA|7] 3 ofH
T Frolglg o] FHyElo] A=A ERIEHIT

Chondroitinase ABC= 91| AW} FA3A vESA]
Z13L chondroitinase ACE 50 mM Tris-HCI 60 mM sodium
acetate buffer (pH 8.0) ° =H<alA 1UMml HA A

()

chondroitinase ABC9} VXA 2 732 27104 HESAIA
t} S=20|El3t o] FFE 0 2= Seikagaku A &S
ARE-BIASL SAX-HPLCE. 919} 712 Z71oA E-43130T.
Fig. 794 %58 S=20ld8t A, F==20]8git B, &
==0|Elg2F CE chondroitinase ABCE *]2]3159S 749,
FEolRlght o|FF IH7F el wEbA] 2o BHA| o
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