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Research Progress of the Preparation and Pharmaceutical Applications of Heparosan

FENG Zhaolong, LIU Chunhui*(School of Pharmaceutical Sciences & National Glycoengineering Research Center,
Shandong University, Jinan 250012, China)

ABSTRACT: OBJECTIVE
pharmaceutical applications of heparosan to provide a reference for its further research and development. METHODS The

To systematically review the latest research achievement in the preparation and the

literatures at home and abroad were collected, summarized and analyzed on preparation methods of heparosan and its
pharmaceutical application. RESULTS The present methods for the preparation of heparosan mainly included extraction from
bacterial fermentation liquid, production by metabolic engineering bacteria and in vitro synthesis using recombinant enzymes.
Heparosan could be used for the biosynthesis of non-animal derived heparin and preparation of non-anticoagulant heparin
analogs as starting materials, as well as for drug delivery. CONCLUSION Heparosan has been produced at a large scale due to
the successful application of fermentation engineering, metabolic engineering, and enzyme engineering, nevertheless, which still
can’t allow for tailored synthesis of heparosan with controllable molecular weight and its derivatives. To date, heparosan has
been rapidly applied in the pharmaceutical field, and new strategies for the production and structure modifications will further
expand its application in drug discovery and research.

KEYWORDS: heparosan; heparin; polysaccharide; preparation methods; pharmaceutical application
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bioengineered heparin from heparosan

2.2 il AEPUET R AT AEY)

AT AT FE R B, o A 2 50 I R BE AT A
[F) A% B2 1) i Bt BR A« & TG A 55 42 A BB 8 15 B T
BB AR HAE R B T AR 2
R K, FFEATK £ B heparosan 284N [A] {37 /4 11
T R X S5 2 4 W] LA B 5 44 AN [R) 1) I 3=/ IR &
W28 BH . 4, Heparosan 44k %7k
O- i B A B (FH)N- it £ T8t A/ N- Ttk B2 AX A2 17 45 2]
{RBR R AL AZ 1M ] OS-heparosan(K5-0Sy)~ = it g
AB I ) OS-heparosan(K5-0S,). NS-heparosan.
NOS-heparosan, FHH K5-OS, Al NOS-heparosan
FLATH0 FGF2 RIBH LE A /e A= i 1 F B4 i
OS-heparosan ¢ 5. 2 411 1) 2 € 2% 90 40 g A0\ 2L i
Toe 0 B AE /N AR N RS, H0] 2 1 3 Bl A
AR FERF R 0 T SRR AN S
W RN RE B, & — B R B RS BT AE 25
BS), BaE R R W, K5-08, 1l i 3o i B
JifL R T8 M 983 IR BB IR o TNF-a) FI1 48 Bl A 3%
1B(IL-1B) V% S e e B, 21 T, B k4 E
Wik 24 6 64 5 1 8 NKC 200 i P 4 2 4, A LA T
W AT R 5 Vi 2 T () 5 A T3t — 20 ) ),
AR 2455 2019 4F 1 A 58 36 458 1 1

L4, NOS-heparosan X -2 M % A B & 1 55 14 110
HORT R 3E 40 B 1) BB AR oAk, H O-BRR AL 1E
i EE K AEAE GIeNS 5RHEEH Co-OH, A F T &
HAE AR AP, 1 Fu P95 R,
IR AN L i N L B L1 O S S PS
(SDF-1/CXCL12) ] 42 - A Bz #L 4 S s 7, ek
HiEFe. 1M NOS-heparosan Rl CXCL12 5%
1) P 2 AEL 200 i i A= L A A B, R e A ) e e
2RI B & A2, NOS-heparosan 7] & 3% Pt i 98 4
F. BRI, 2T heparosan fill & I AEHT#EEH R AT4E
YOG NI 2 S FLAT AR DI 2 4 B F I ST R L 1 s
et
2.3 1EREWEAE

FIH R 2 —BE(PEG) S A IR N 25 siik,
REWS K 2GR N = FRIKEIIA R R
R WP 24 e fa BT, T R s 25 W
HIVEIT R . Heparosan fE A —F KRR ZHE, BA
IKEYEDE . ERBERME. Y] FEEE s, &
—FHERAR (O 25 R AR AR, B0, Chen TR
F =L ER £ /8 heparosan H GlcA 4R —F2 357
AT, BEIALH heparosan 5P 252 1L
B (DOX) i KW 45 # I AN 55 & T2 i pH BUK )
heparosan-DOX Z%-5#)(HDC), Wiz 1ER) HDC &
pH 7.4 KA B ALY REAR N 50 nm 40K
WK o 2 B B H S I8 UE B, heparosan-DOX 42K fii
DA A 25 A 5 0 PR 7 ORD B R e A FH 4 08
PIMMAN, BERA T DOX FIAMEES . EEM
5&, HDC ZAWITE pH 7.4 W% AF T REEER,
fE pH 5 Z A3 i 968 240 R0 B DR VE N TR R P 34 558
T, RBEE i, SEIL DOX IR ik, T
heparosan LB R Iig £ 5 i A IHER (DOCA) 45 & fig
W T P SR 2GR B IR, AR A e 1k
A AR PUIITE B B, B R AR E
X3 DOX [ A AE pH 7.4 I 52 I 22 B 10 25 W i
178, TAE pH 5 B FRIK (1) B-7] 25 4 1 I iy (1) o
68 24 i U R I IR TBAT N . 3438 DOX IR
TRAR G XT i I8 248 P > Z5CH i A B2 (IC ) 2 IR T
RGN, SEB E R FE 105 frRE 0 M 1
23, Rachel 2] heparosan 1 # PEG 1,3 DOX
NRBAR, fE T PEG 1R RNEEAR I G S5 v )
B, A, Wei 25UV heparosan /8% PEG 54
KL 4 i £ V% R 5 (G-CSFY Bk &5, il % T
heparosan 4] G-CSF(HEP-G-CSF). /)N F & P4 52

Chin J Mod Appl Pharm, 2019 January, Vol.36 No.1 <117




BRI, BUGHEY 2, HEP-G-CSF 27l
PR 2 L ¥ 7K P 5 T PEG-G-CSF: 1K i 8] o
A B2, HEP-G-CSF 1443 i} heparosan
Sl R FEME SN e e SR . I, heparosan &
— M YRR, ReE T R m AN RE
71, RIS R, (B — P RITE K .
2.4 A

Chen ™7 T heparosan A #h5} i 254 7,
FEBE -~ TLR 09 B 5 W B2 20 B 0 286 B A FH B &
YRR BRI RE I . 45 SR 7R, heparosan X Bl
BRI R PR A WD T B A S 3 520, A G R DL o)
FUW B 5 b R 40 A R RGBT AN 5 ] BR
ZEWEFLFF . Ak, heparosan A5 78 7E I 250 B
AN E o
3 RE

K AMER > I B K I #F B KS 5 heparosan [
i PR DR B T AE 2K, SR KA B KS
HNEW, FEZERE; B—PEeEEK
PP SR W& XS heparosan 73 8 K/ 0 A [ 456
PR, BEANTIRESI MBI A Bl MR 5L . R AR
A R AT T R I AE — ERR T B AR AL
RIR BRI AFAE 1) B o G0 o8 AU AR 4R
FEAESUR MK AAT B £ o Z0 A 228 A 3 R
13 heparosan )& s, AMURLFHIHEER 72
WA ) AR, INREE & TR
ERZHE, (R B g] N R i B 2k PR ) AT DA el
HATHEEEHKS TEMEREN, H
SR F e DAE 1l & B oy 1 5 ] 45 1) 2 0 R AT
). BeAh, ARSNEEIE A R heparosan DL K it —20
2Bk BB, CAL TR REGE.
o SEAB AL 25 1T R SR AR & Y, (|
WA WA RIS =T, IR T AL
25 T A5k 1) 7

Tk, BEWN, ATHEGABESLLT L7
X} heparosan JFREFF AT K : O KB E K5
AL, AR TR B4 B 1Y) heparosan 43 A B AE {H P~
EWAL, FTdE— Pt g E e E,
ABER TR @3 GleNAc 1 GleA K 4
R SEALYDAE B AR A 2R AR AT T 45 AL | DA AE AR Y
B34S AR50 B heparosan S L ATAEYS, BRIFTIAEN
HIEEGBRATASER: OGS &P EHEHAM R
IEFIE 7K BEBE A 5 T R S A G eSS,
DL S HAL 45 #4 B %8 1] heparosan B2 8 M A [R] i BR 1642

- 118 - Chin J Mod Appl Pharm, 2019 January, Vol.36 No.1

T ) JH 2 S B ) RS AL B 2 1) 5 s @ LA heparosan
IR, 38 F A S ] 4 2 6 P 0 AR S W R T
R4, WAL AEWEERHRRR; O —
5T heparosan {E N2 AR KIRE T 18 836
Kl SEPESE . nTRATULI G, BRI DG 4R 5
heparosan £ £j 57403k R, AT LE AR AT
AEVERRIEETEM.

REFERENCES

[1]  VANN W F, SCHMIDT M A, JANN B, et al. The structure of
the capsular polysaccharide (K5 antigen) of
Urinary-Tract-Infective Escherichia coli 010 : K5 : H4. A
polymer similar to desulfo-heparin [J]. Eur J Biochem, 1981,
116 (2): 359-364.

[2] DEANGELIS P L, WHITE C L. Identification and molecular
cloning of a heparosan synthase from Pasteurella multocida
type D [J]. J Biol Chem, 2002, 277(9): 7209-7213.

[31] WU J R, CHEN P Y, SHIEN J H, et al. Analysis of the
biosynthesis genes and chemical components of the capsule of
Avibacterium paragallinarum [J]. Vet Microbiol, 2010,
145(1/2): 90-99.

[4] TENG L, FU H, WANG M, et al. Immunomodulatory activity
of heparan sulfate mimetics from Escherichia coli KS capsular
polysaccharide in vitro [J]. Carbohydr Polym, 2015(115):
643-650.

[51 ZHAO S, WANG Z, CHEN J, et al. Preparation of heparan
sulfate-like polysaccharide and application in stem cell
chondrogenic differentiation [J]. Carbohydr Res, 2015,
401(10): 32-38.

[6] CHENJ X, ZHANG M, LIU W, et al. Construction of serum
resistant micelles based on heparosan for targeted cancer
therapy [J]. Carbohydr Polym, 2014(110): 135-141.

[77 CHEN J X, LIU W, ZHANG M, et al. Heparosan based
negatively charged nanocarrier for rapid intracellular drug
delivery [J]. Int J Pharm, 2014, 473(1/2): 493-500.

[8] K8, #beuy. R HEAT 2 A& Heparosan &
AR ], SR TR, 2013, 3009): 1-4.

[91] WANG Z, LY M, ZHANG F, et al. E. coli K5 fermentation
and the preparation of heparosan, a bioengineered heparin
precursor [J]. Biotechnol Bioengin, 2010, 107(6): 964-973.

[10] ZHAOL, YAN Z Q, WANG C, et al. Progress of study on the
heparosan production by E. coli K5 [J]. Curr Biotechno(“E%)
FeARBEE), 2011, 01(3): 195-200.

[11] ZHANG C, LIU L, TENG L, et al. Metabolic engineering of
Escherichia coli BL21 for biosynthesis of heparosan, a
bioengineered heparin precursor [J]. Metab Eng, 2012, 14(5):
521-527.

[12] BARRETEAU H, RICHARD E, DROUILLARD S, et al.
Production of intracellular heparosan and derived
oligosaccharides by lyase expression in metabolically
engineered E. coli K-12 [J]. Carbohydr Res, 2012, 360(19):
19-24.

[13] JIN P, ZHANG L, YUAN P, et al. Efficient biosynthesis of
polysaccharides chondroitin and heparosan by metabolically
engineered Bacillus subtilis [J]. Carbohydr Polym, 2016(140):
424-432.

[14] TANG DY, YU J P, CHEN R, et al. Application of synthetic
biology technologies in glycosaminoglycan production [J].
Prog Pharm Sci(#j 24t fE), 2015, (5): 376-383.

o E AR 24525 2019 4E 1 H 48 36 555 1 4




[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

CHAVAROCHE A A, VAN DEN BROEK L A, EGGINK G.
Production methods for heparosan, a precursor of heparin and
heparan sulfate [J]. Carbohydr Polym, 2013, 93(1): 38-47.
CHEN X, CHEN R, YU X, et al. Metabolic engineering of
Bacillus subtilis for biosynthesis of heparosan using heparosan
synthase from Pasteurella multocida, PmHS1 [J]. Bioprocess
Biosyst Eng, 2017, 40(5): 675-681.

SUGIURA N, BABA Y, KAWAGUCHI Y, et al
Glucuronyltransferase activity of KfiC from Escherichia coli
strain K5 requires association of KfiA: KfiC and KfiA are
essential enzymes for production of K5 polysaccharide,
N-acetylheparosan [J]. J Biol Chem, 2010, 285(3): 1597-1606.
CHAVAROCHE A A , JAN S, FLOOR K, et al. In vitro
synthesis of heparosan using recombinant
multocida heparosan synthase PmHS2 [J]. Appl Microbiol
Biotechnol, 2010, 85(6): 1881-1891.

CHAVAROCHE A A, VAN DEN BROEK L A, SPRINGER J,
et al. Analysis of the polymerization initiation and activity of
Pasteurella multocida heparosan synthase PmHS2, an enzyme
with glycosyltransferase and UDP-sugar hydrolase activity [J].
J Biol Chem, 2011, 286(3): 1777-1785.

CHAVAROCHE A A, VAN DEN BROEK L A, BOERIU C,
et al. Synthesis of heparosan oligosaccharides by Pasteurella
multocida PmHS2 single-action transferases [J]. Appl
Microbiol Biotechnol, 2012, 95(5): 1199-1210.

LIU R, XU Y, CHEN M, et al. Chemoenzymatic design of
heparan sulfate oligosaccharides [J]. J Biol Chem, 2010,
285(44): 34240-34249.

LIU H, ZHANG Z, LINHARDT R J. Lessons learned from the
contamination of heparin [J]. Nat Prod Rep, 2009, 26(3):
313-321.

FU L, SUFLITA M, LINHARDT R J. Bioengineered heparins
and heparan sulfates [J]. Adv Drug Deliv Rev, 2016(97):
237-249.

KUBERAN B, LECH M Z, BEELER D L, et al. Enzymatic
synthesis of antithrombin IIl-binding heparan sulfate
pentasaccharide [J]. Nat Biotechnol, 2003, 21(11): 1343-1346.
LINDAHL U, LI J P, KUSCHEGULLBERG M, et al.
Generation of “Neoheparin” from E. coli K5 -capsular
polysaccharide [J]. ] Med Chem, 2005, 48(2): 349-352.
WANG Z, YANG B, ZHANG Z, et al. Control of the
heparosan N-deacetylation leads to an improved bioengineered
heparin [J]. Appl Microbiol Biotechnol, 2011, 91(1): 91-99.
LI'Y, YU H, THON V, et al. Donor substrate promiscuity of
the N-acetylglucosaminyltransferase activities of Pasteurella
multocida heparosan synthase 2 (PmHS2) and Escherichia coli
K5 KfiA [J]. Appl Microbiol Biotechnol, 2014, 98(3):
1127-1134.

ZHOU X, CHANDARAIJOTI K, PHAM T Q, et al. Expression
of heparan sulfate sulfotransferases in Kluyveromyces lactis
and preparation of PAPS [J]. Glycobiology, 2011, 21(6):
771-780.

CASSINELLI G, NAGGI A. Old and new applications of
non-anticoagulant heparin [J].
Cardiology, 2016, 212: 14-21.
ACHOUR O, POUPARD N, BRIDIAU N, et al
Anti-heparanase

Pasteurella

International Journal of

activity of ultra-low-molecular-weight

T EBACRI 252 2019 4E 1 H 55 36 555 1 3

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

(43]

[44]

heparin produced by physicochemical depolymerization [J].
Carbohydr Polym, 2016(135): 316-323.

VERALDI N, HUGHES A J, RUDD T R, et al. Heparin
derivatives for the targeting of multiple activities in the
inflammatory response [J]. Carbohydr Polym, 2015(117):
400-407.

LI P, SHENG J, LIU Y, et al. Heparosan-derived heparan
sulfate/heparin-like compounds: one kind of potential
therapeutic agents [J]. Med Res Rev, 2013, 33(3): 665-692.
CHIODELLI P, BUGATTI A, URBINATI C,
Heparin/heparan sulfate proteoglycans glycomic interactome

et al

in angiogenesis: biological implications and therapeutical use
[J]. Molecules, 2015, 20(4): 6342-6388.

REZZOLA S, MONTE M D, BELLERI M, et al. Therapeutic
potential of anti-angiogenic multi-target N, O-Sulfated E. coli
K5 polysaccharide in diabetic retinopathy [J]. Diabetes, 2015,
64(7): 2581-2592.

BORGENSTROM M, WARRI A, HIILESVUO K, et al.
O-sulfated bacterial polysaccharides with low anticoagulant
activity inhibit metastasis [J]. Semin Thromb Hemost, 2007,
33(5): 547-556.

FU H, DENG C, TENG L, et al. Effect of heparan sulfate
mimetics from Escherichia coli K5 polysaccharide on
SDF-1/CXCL12-induced endothelial progenitor cells in vitro
[J]. Int J Biol Macromol, 2018, 107(Pt B): 2492-2500.

WANG J L, FENG Z W, ZHAO X. Synthesis and preliminary
pharmacological efficacy study of PEG-dasatinib conjugates
[J]. Chin J Mod Appl Pharm( & BLAR R 24 2%), 2017,
34(12):1717-1720.

PASUT G, VERONESE F M. State of the art in PEGylation:
the great versatility achieved after forty years of research [J]. J
Control Release, 2012, 161(2): 461-472.

DEANGELIS P L. Heparosan, a promising 'naturally good'
polymeric conjugating vehicle for delivery of injectable
therapeutics [J]. Expert Opin Drug Deliv, 2015, 12(3):
349-352.

LANE R S, HALLER F M, CHAVAROCHE A A E, et al.
Heparosan-coated  liposomes for drug delivery [J].
Glycobiology, 2017, 27(11): 1062-1074.

JING W, ROBERTS J W, GREEN D E, et al. Synthesis and
characterization of heparosan-granulocyte-colony stimulating
factor conjugates: a natural sugar-based drug delivery system
to treat neutropenia [J]. 2017, 27(11):
1052-1061.

CHEN X E, LING P, DUAN R, et al. Effects of heparosan and
heparin on the adhesion and biofilm formation of several
bacteria in vitro [J]. Carbohydr Polym, 2012, 88(4):
1288-1292.

CHEN J, AVCI F Y, MUNOZ E M, et al. Enzymatic
redesigning of biologically active heparan sulfate [J]. J Biol
Chem, 2005, 280(52): 42817-42825.

MOCHIZUKI H, YAMAGISHI K, SUZUKI K,
Heparosan-glucuronate S-epimerase: Molecular cloning and

Glycobiology,

et al

characterization of a novel enzyme [J]. Glycobiology, 2015,
25(7): 735-744.

Wekia B 2018-05-01

(R Tiom: B EH)

Chin J Mod Appl Pharm, 2019 January, Vol.36 No.1 - 119-



