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Research progress of hyaluronidases
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Abstract: Hyaluronidases, a type of glycosidases, degrade hyaluronan and some glycosaminoglycans.
These enzymes have a wide range of promising applications in the medical treatment, cosmetology,
preparation of oligo-glycosaminoglycans, and so on. Many studies show that oligo-glycosaminoglycans
have a lower molecular weight but a higher biological immune activity than glycosaminoglycans. In view
of these important functions and applications of hyaluronidases, this review provides useful information to
researchers for further theoretical studies and utilization of these enzymes. This review mainly introduces
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the definitions of hyaluronan and hyaluronidase, as well as the advances of classification, structures,
catalytic mechanisms, enzymatic assay methods, recombinant expression, biochemical properties, and
applications of hyaluronidases. This review also indicates future research directions of hyaluronidases.

Keywords: hyaluronan, glycosaminoglycan, hyaluronidase, hyaluronan oligosaccharide, oxidation
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reaction to produce a disaccharide as end product
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Figure 1 Classification of hyaluronidases according to enzyme specificity
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ZWEIS DRI 5 2K A 4V TR R A
PEL ARSI

55 A4 PP o3 2 AR i 1 2 L 1R e 4 [R]EE
4375 B Jo 9 Tl U 21 31 AN [] R B 7K £ il (Glycoside
Hydrolase, GH)zl £ 24 f# i (Polysaccharide
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Table 1 The structures and catalytic mechanisms of hyaluronidases from different carbohydrate-active families

EC 5 FI 4t HLAIZERY HEALFER] HEALALER]
EC No. Family Structure Typical structure Catalytic active site Catalytic mechanism
EC32135 GH16  pjellyroll - RERRIA R R ) R L

GH56 (Bla);

GH84 (Blo)s -
EC 3.2.1.36 GH79 (Blo)s -

EC4221  PL8 (o/t)sss toroid +

PDB ID: 2ATM*?

PDB ID; 1c82%!

Glu/Glu (inferred)

B BRIR AR

Glu/Asp

B ETRIAT Z TR ()
Glu/Glu (inferred)
HAPRITE AR, KA

Retaining mechanism

B-TH BRI

anti-parallel f-sheet His/Tyr, Asn B-elimination
PL16 Triple strand p-helix PDB ID: 4UFQ™ YRR, SR catalytic mechanism
Arg/Tyr, GIn
PL30 - - -
PL31 - - -

{£: PDBID: RCSB AU ERT; — BAEVIRMARMIALH(EE

Note: PDB ID: RCSB protein data bank identity number; —: No crystal structure information of hyaluronidase
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Fx2 ERRERERKRIE. 7. REREMEBFMER
Table 2 The sources, classification, heterologous expression, and enzymatic properties of hyaluronidases
B3 2551 Fik TEE Bofi pH Bo@iRE  HIE RPEE BRSNS
Source Classification Family Host Optimal Optimal Specific & Measurement method
pH temperature  activity g pstrate
(°C) (U/mg)  specificity
IR EC32135 GH56 P.pastoris 5.0 = 023 - ok
Homo sapiens spermt®®! Morgan-Elson
colorimetry
LR TR EC3.2135 - = 3.8 37 42.3 HA. CS il o
Bos grunniens sperm*” DS Morgan-Elson
colorimetry
BN EC32135 - - 7.0 37 - — —
Macaca sp. sperm®®
T EC3.2135 - - 3550 37 65100 - et
Agkirtrodon status venom®! Turbidimetry
T S R R TR EC3.21.35 GH56 - 5.5 37 5066.0 HA.CS Fll Heyyk
Crotalus durissus terrificus DS Turbidimetry
venom!*’!
I EC32135 GHS6 — 6.0 40 4375 HA Mo
Bothrops atrox venom!*! Turbidimetry
i EC32135 - P.pastoris 3.8 62 0024 HAFICS Hfap:
Apis melliferat? Morgan-Elson
colorimetry
e EC32135 GH56 E.coli 2.0 25 - - H i g
Vespa affinis venom®! Turbidimetry
I S g 2 2 EC3.2135 - S 45 37 64117 — H i g
Palamneus gravimanus Turbidimetry
venom!*!
E P e s 7 EC3.2.1.35 GH56 P. pastoris 6.0 40 1097.0 HA.CS Fl Fryhp:
Tityus serrulatus venom™" DS Turbidimetry
W 7 EC3.2135 GH56 E.coli 45 50 31150 HAFICS iy
Cupiennius salei venom™ Turbidimetry
R 1 T Wk 750 EC3.2135 - - 5.8 37 - HA g s
Hippasa partita venom®! Morgan-Elson
colorimetry
IR TR EC 3.2.1.35 GH56 E. coli - - - HAf1CS —
Loxosceles intermedia
venom”!
TS IT EC3.21.35 - - 3.8-5.4 45 = HA H i g
Nephrops norvegicus“®! Turbidimetry
YK B TER EC3.2135 - - 4.2 40 1.3x10° - by
Potamotrygon motoro Turbidimetry
venom!*!
it EC3.2135 GH56 — 6.0 37 25400 HA et
Synanceia horrid venom®”! Turbidimetry
it EC3.2135 GH56 — 6.6 37 1.6x10° HA et
Synanceia verrucose venom®! Turbidimetry
e EC32135 GH16 E.coli 3.0 43 - - Moo
Penicillium purpurogenum®? Morgan-Elson
colorimetry

(F7%%)
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Gk 2)

Kz EC3.2.1.36 GH79 P. pastoris 6.5 45 1.2x10° HA ZRSHKARIR L ik
Hirudo sp.5? DNS colorimetry
BRIE AT AL52 EC4.221 - - 6.0 42 297.2 HAFICS %5hk
Arthrobacter globiformis UV spectrophotometry
A15284
AT AS0 EC4221 PL8 - 6.5 44 1.0x10* HA. CS il H.jdik:
Bacillus sp. A50%! DS Turbidimetry
B AT IRAT EC4221 - = 5.5 50 - HA #1 CS  fisA/kAzmma (1
Citrobacter freundii®® DNS colorimetry
A/ MT T H14 EC4.221 PL8 E.coli 7.0 40 278.3  HA. CS fil &4k
Microbacterium sp. H145" DS UV spectrophotometry
THACEERR TR 84H14S EC4221 - - 7.2 - 7.6x10° HAFICS Mk
Peptostreptococcus sp. Turbidimetry
84H14sP
R IR AT R EC4221 - - 6.4 - 7.8x10° HA#ICS ik
Propionibacterium acnes®™ Morgan-Elson

colorimetry
TR EC4.221 PL8 E.coli 6.3 40 8.1x10" HA. CS il Huihik
Streptococcus agalactiael® ! DS Turbidimetry
(R AR A EC4221 - = 6.2 37 50410 - Lhhgk
Streptococcus dysgalactiae!® UV spectrophotometry
i R B ER TR EC4.221 PL8 E.coli 6.0 37 - HA 1 CS 2e4hk
Streptococcus pneumoniae!®! UV spectrophotometry
L AERR A EC4221 - = 6.0 45 10135 - EALISZS
Streptococcus uberis® Turbidimetry
BEERR EC4.221 PL8 E.coli 6.0 37 6.3x10° - AR AR L s
Streptococcus DNS colorimetry
zooepidemicus’®
I FC509 EC4.221 PL8 E.coli 8.0 30 45x10° HAFICS %41k
Vibrio sp. FC509* UV spectrophotometry
7 W B R A EC4.221 - - 5.0 60 6.4x10°* SAUISTS
Streptomyces hyalurolyticus!®” Turbidimetry
R EC4.221 PL16 E.coli 7.0 = = HA SALIrS
Streptomyces koganeiensis?*! Turbidimetry
T e B o 1 EC4.221 PL16 E.coli 5.5 37 - HA H ek
Streptococcus pyogenes Morgan-Elson
bacteriophage!® colorimetry

E: HA: BEWIRRR; CS: MY ER; DS: MBRMAKEK. Hak: TEREAM T T ehREGE W BB 1 umol N-Z8-D-
BT ARG PR TERRE S F TS R A ) P AR — R ik )3 W SO T 14 il o (BT ) B E LS T
R oI MSE 0K TAEUKRR @ FERRE 250 T 1543 PhIRe iz W SRR B 1 umol & JFUE P TS ARG s S05ME . EdT
TE S AT B P RS W BT AR 1 wmol AN BT 5 2 A il 4t

Note: HA: Hyaluronic acid; CS: Chondroitin sulfate; DS: Dermatan sulfate. Morgan-Elson colorimetry: The amount of enzyme required to
degrade hyaluronan and release 1 pmol N-acetyl-D-glucosamine per minute under certain conditions; Turbidimetry: The amount of enzyme
required to degrade hyaluronan under certain conditions (see references for the specific activity definition of each enzyme); DNS colorimetry:
The amount of enzyme required to degrade hyaluronan and release 1 umol reducing sugars per minute under certain conditions; UV

spectrophotometry: The amount of enzyme required to degrade hyaluronan and release 1 umol unsaturated double bond per minute under
certain conditions
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KAMIBEAE—EMERE . Magalhdes Z5FIf by b ik
610 B 1% 7K 5 57 £ (Potamotrygon motoro) 75 ik H 4%
Wiy o W T 2 g, 40 5 4k RO T S R R
1.3x10° U/mg, & HH EC 3.2.1.35 255 W] R il
TP BB iE P TR 3 T RS SO A
KW (Hirudo sp.) R #EH 4t Ab 1) 1% BH R iR il ,  HATG
PERT % 1.2x10° U/mg, J2& H T EC 3.2.1.36 2455
JOR TR TG 2 B ) e v 0 1 o T SR A O Pl
(Vibrio sp.) FC509 14375 B} Joi s 24 ik ek 4 7 5 U
ik, iAW RIER IR HLiS o 4.5x10° Uimg, J2:
Hiil EC 4.2.2.1 J5i%& W5t R 24 B FH 58 S A4S
R R T T
4.3.3 FERRELEGHY K PERRYE S 14

B 53175 B ST R I 1 e A i B TR A1, i g
VA fif B B2 5K B £ (Chondroitin Sulfate, CS) IR 2
Jik & (Dermatan Sulfate, DS)%5 HAMEZ R BEIKY),
{H 7 4R K BUAE KR A IF 2 0 B W R s . A )
EC JSHY (155 W I I I 7E IS 90 4% S+ 0k B oA X))
(81 2). EC 3.2.1.35 Fil EC 4.2.2.1 i& W /R BRI S
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— AN R R i o5 A SR, X LA e SR A
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5 I&EHI R EREE S
51 EfFHIEREAYEE

BURRREE) 2N T ER AN IR
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Xot L AR (125 B S R A fi SRV P L 3 380 W o R Tl
AT RAF M 2508 BO8CR e LRIV 259
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Figure 2 Substrate specificity of hyaluronidases
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i v Ak B HE RO O 25 5 Wi i, S A B84 R Ak B
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Table 3 The research progress of biological activity of oligo-glycosaminoglycans

2] SERH & vk LigE TP UE

Oligosaccharide type The method of oligosaccharides  Function The method of activity
preparation verification

3% B TR AN A ST 5 B TR S A HrSAL . S R R0 A 2 S

Unsaturated HA Enzymolysis using Bacillus
disaccharide® hyaluronate lyase

O AN RSB SRR DA I T R 24 A% W A7
Unsaturated HA hyaluronate lyase

hexasaccharide and
octasaccharide!®!

5 W SRR AN AN LA
Unsaturated HA
oligosaccharides!®?

Enzymolysis using Bacillus
hyaluronate lyase

Antioxidant activity, inhibition of oxidative
damage to skin cells

(RGNS . BRI E R
I\ Enzymolysis using Streptococcus Wound healing and cells repair enhancement

AR D R 2R BASRIARRES) . B EIMRAINL . FEAR
AR TE A A AR

Strong reducing capacity, UV-damaged cells
repair, intracellular superoxide radical

Cell experiment

Y SEE AN
15 IS5

Cell and mouse wound
experiments

PRGN AR
R S B

In vitro antioxidant
detection and cell

75 W R b

HA disaccharides®
175 W JoR R DO AT
A

75 W) o R T i

Enzymolysis using hyaluronidase

TR B 75 P o R e A

Enzymolysis using Leech

concentration decrease

experiments

T P e i A0 P 5 2 S
Inhibition of bladder cancer cell proliferation Cell experiment
SoBEEE . AEHEIMAE AR AL MR ANAE AN SEIR AN
i e TEA

HA tetrasaccharide and hyaluronidase

hexasaccharide!®®

Immune proliferation, angiogenesis enhancement, Cell experiment and
drug resistance reverse of tumor cells

mouse injection

MR ER . W, A 52075 B Jo T A i At RSN AASI
Vavi 1 Enzymolysis using Bovine testis  Antioxidant activity In vitro antioxidant
CS disaccharide, hyaluronidase detection
tetrasaccharide and

hexasaccharide!®”!

TR 2R DUl A 2 HL3% W) T R i e T AT WA SAEA BT LAGA BT AT /)N ER A AR T 1

CS tetrasaccharide!®®
hyaluronidase

Enzymolysis using Bovine testis  Inhibiting cells to secrete inflammatory mediators Mouse cell model
to achieve anti-inflammatory effects

experiment
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