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Physicochemical properties of IgA protease from Haemophilus
influenzae ATCC49247 and its decomposition of IgA1 with low
glycosylation
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Abstract: [Background] Recently, IgA proteases that specifically cleave human IgA1 molecules have been
considered as potential drugs for the treatment of IgA nephropathy (IgAN), but its biological activity may be
affected by various physical and chemical factors. [Objective] To explore the physicochemical properties of
Haemophilus influenzae ATCC49247 IgA protease for determining the optimal conditions and then to
observe its decomposition of low glycosylated IgA1. [Methods] IgA protease was isolated and purified from
the bacterial culture solution and the hydrolysis activity of IgA protease and its decomposition of low
glycosylated IgAl were detected by SDS-PAGE electrophoresis under various physicochemical
conditions. [Results] H. influenzae ATCC49247 IgA protease tolerated a wide range of temperatures and
the optimum temperature is 50 °C. IgA protease irreversibly lost stability above 60 °C. IgA protease
maintained full catalytic activity between pH 6.0 and 9.0. PMSF of 1 mmol/L and SDS of above 10 mmol/L
strongly inhibited the activity of IgA protease, whereas DTT and EDTA had no significant effect on its
activity. IgA protease was obviously inhibited by all concentrations of Al’**, Fe’"and high concentration of
Cu®", Zn*" and Fe*", whereas Co>", Mn®*, Ca®*, Ni*" and Mg”*" had no significant effect on its activity. By
selecting the most suitable conditions for IgA protease, we found that most of the low-glycosylated IgAl
substrate could be degraded by IgA protease. [Conclusion] IgA protease can maintain good enzyme
activity under the optimal conditions, when exerting the degradation of low glycosylated IgA1l and the
result lays the fundation for the clinical research and the further development of the medicinal value for
IgA protease.
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pH {EAHHI I P PRI 24 P K (R 52 .
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FREX 3.9 g MBIEFEAE, 100 mL BEEKIFM)G
25 1x10° Pa K4 20 min, fFAHIZE 50 °C 24T
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%, P<0.001, ZSRA5ITFE L.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RASTESE: FIRE AT ATCC49247 SKIFAHYT TgA BEEEAb M B B HHIRHEEAL TgA1 B AE 641

2 FREHH
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Figure 1 Catalytic activities of IgA proteases from H.
influenzae ATCC49247

TE: iRk 3 ML ER, ARG BIERT IR (H,0)
HH . OD (EFAKT 23 L2 {H£SEM.

Note: Data represent 3 independent replicates and each bar
represents mean + SEM for the percentage of reduction of OD
value compared with the negative control (H,O).
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Figure 2 Determination of physicochemical properties of H. influenzae ATCC49247 IgA protease

TE: 18] Aa—e JMIPEIRE . PEUENE . pH . AMLIGRIXT IgA BEEVER I BRYLER s [ B J 10 Bl UG s B 7% TgA MG VR
WERAEAE M. AR EY: H ML R0 He)fl L ZJIKEE, Fe Fl Fd FOR IgA B ARG IgA BHEAL YIRS 1Y H 557 B2

Note: Figure Aa—e are the results of silver staining of temperature, thermal stability, pH, and biochemical reagents on IgA enzyme activity;
Figure B is the result of silver staining of 10 common metal ions on IgA enzyme activity; M: Protein marker; H and L indicate intact H(a)

and L polypeptide chains, and Fc and Fd indicate the H chain fragments after IgA protease cleavage at the IgA hinge.
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N-Z e FUBE I (GalN Ac) A i Y i 2F BEEE K (HAA)
K TgAl FIRESEAEIRAS, ¥ HAA 5 ELISA Hik
&S, ATLUE RN TgAl MURERIRIRAS .
K 3A FiR, IEH TgAl Zd MEVR R (N A) B FLAH
HEF(GAYL B 5 HAA X IgA 1 BYLESRE 1785,
M IgAl FEZat My RGP 2L T B (NA/GA) A
HAM IR 5, BEAEZXT IgAl ML ik — e,
it FH D YR T I R > LR I 1 Ak 38 RT DA B R AT
IgA1 B EAIR 25 (P<0.001), id 3 Western blot J5
P RNEREAL BN IS 1gAl AOREEAIRES
(F 3B), FHEALAL PG TgA1 ARZE I FL Ik B
1 2575 5341 JoRH B A8 k(B 3C 1 3Da), #A [ =X

T LA PR TgAl 20 TgA BEIHALSS, HIkES
UL, RMERR LA IR A S5 IgA FEXHKAY)
IgAl MITHALVER, (8 2 ZUME T A 33 (H ol Ak 21
ol 5 MV R B A T AL B AT LS A TgA BEAIRE
fi#VE (% 3Db), (HRFR ML IgA1 DA AT
DItk 1gA B FEM. DL ESCI B SR, Rk
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YER, 1B IgA TSR] ARG AR M IRBEIEAL TgAl
127/
3 whEsgw

H AR _EXF IgAN Tefe s Hiayy ik, Bk
FER X H IR B BT P AR A A, TR
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FOR AR A SCHEERTT . TgA BEVE A D b EE 2
—ME T, RRRr R R IgAL 43T, K
TR SCRAE IR TgA FEXHEREEALIY TgAl
R G0 RAFRIREMGAERT, ks H.
influenzae ATCC49247 Fili 1gA B AT fe iy B
e, (HHAEYNEVER 5 2 & T BRI AL 27 K R 52
. DIMEMFRZED T IgA BTEmE 2N

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RAFSELE: R AT ATCC49247 SRR IgA BEPRAL M B K HXHIRBIEAL 1gA 1 A9 fAE 643

A 025, | | C
"- r_' i ‘_., " . |
] 0.20 - P<0.001 —_— e
% 0.15+ — et — :
< —_—
< 010F : L
0031 ERIENA ¢ -+
LIBHMGA -+ ¢ -
0.00
IgAl NA GA  NA/GA IgAl - - - 4+
D a v |1 2 3 4
B =
IgAl NA GA  NA/GA N — .
gﬁ P
- ——— - ‘ HAA fre .2,
- ; i~ . L
[ | IgAl b g
1 s o ;
S P i
0.03 2.66 0.21 2.82 §§“__ = . = !
ESY S - - Fe
SO e —— I
T < NS 8 b
e Y PR AN A + - + _
EIRHEBGA -+ ¢ -
IgAl - - - +

3 IgA B3 A TARFEEALALIERY 1gA1 S REER

Figure 3 The effect of IgA protease on IgA1 with low glycosylation

W Ar 1B IgAl 234 M RREINA)FIEFUBFEEF(GA) 37 °C 463 6 h J&, R HAA/ELISA J7 kil RS, a b
3, HiRFIRN Mean ODysoSD; B: Western blot Al 1gA 1 BRBHEMCIRAS (FHE), HAA FDRFRRPUIRBESEL TgAT, TgA FF
SPUARALIFGE IgAl; C: SDS-PAGE ZEMEBERCHIK T IgAl N T RBEA A SR R P A3t [gAL . WEATREE . K FUB TR0
HIDKIEE; D: M: SEFAREY; TgAl ZHd R A B9 2SR (L B (B IR PR A FURHT B AL 2R, LA PR [R] Ir2b 3 37 °C 4b
P 6h 5, SR H. influenzae ATCC49247 IgA T 37 °C /£ 2 h, SDS-PAGE BEBHLIK/HT. NA . MEVEFRBEALFIAY IgA1; GA:
LML PR [gA1; NA/GA: MR EREE AN ZLE T W R b FRY [gA1.

Note: A: Normal IgA1 was treated with neuraminidase and galactosidase for 6 h at 37 °C, and then the glycosylation status was detected by
HAA/ELISA. Each treatment was repeated three times and the results were expressed as mean OD4so+SD; B: Western blot was used to detect
the hypoglycosylation status (heavy chain) of IgAl. HAA was used to specifically recognize hypoglycosylated IgAl, and IgA-specific
antibodies were used to identify total IgA1; C: SDS-PAGE denaturing gel electrophoresis analysis of IgA1 artificial deglycosylation system
for the amount of IgAl, neuraminidase, galactosidase electropherogram; D: M: Protein marker; IgAl was treated with different
deglycosylases (neuraminidase and galactosidase alone or simultaneously) and treated at 37 °C for 6 h and treated with H. influenzae

ATCC49247 IgA Protease at 37 °C for 2 h, and then analyzed by SDS-PAGE gel electrophoresis. desIlgAl: neuraminidase-treated IgAl,
deGallgA1: galactosidase-treated IgA1, des/deGallgAl: IgA1 treated simultaneously with neuraminidase and galactosidase.
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A, R I AR B TT DA 2 4 R R S . AR
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



644 A 2 A

Microbiol. China

BRPERRSE R RRAE , FEE AT LA AZ pH {ER 10.0 B
PEIREE, I HIAT AR B g s 6], X5
ARG R IR i — B, Ak, JLERrA
22 SR R BN &R AR TS 1gA M4 HLSy
5 I 0 K S A 7l A v 2 P 2 A
Z AT AR R AR IR TgA iR R 0 52
rh, FATHE—HUESL T H. influenzae ATCC49247
IgA B 22 B IR E R T AR TgA BHE
A5 EDTA #1 DTT 520, {HA] LI PMSF 5821
i, MR TF 10 mmol/L ) SDS A] LIS 44| IgA
il () T, 3k L 2 S R B 11 T T Y R A —
B FAN, ARG, BATE R T 4R
B2 RE AR H. influenzae ATCC49247
TgA BHEVTERR ., FROTAAFFELS R ER, ek
FER AP, FeX Mk EE Y Cu®'. Zn®". Fe*'Xf IgA
B B SR 2L AR 7, IR Co™ \Min™" .Ca™" |
N>l Mg #5F TgA BREEBAT B B 50, DL -3
FEHERE I SE B0 . H. influenzae ATCC49247
IgA B 22208 E ARk, AR B A
B AEMBRE(pH 5.0-9.0) B rh EF T, fid B AU
JHE g 35-50 °C, HiEERZ AT Fe™" | Cu®™, Zn®",
Fe 4@ B T A5

IgA HEIRIRIEY) TgAl A TIEEREX K
2RI BIRIRFAAE R ] I WAL, (AT
AR T, U IgAN, TgA 1 Sk X RERAL A7
SUEE LA TE 4, S TR RS CR ALY
THEMIER), XRMITREEE LR R TgAl 2 IgAN
R EENHEZE, AT, T B R
TgA BTG TE T B HH AL TgA1 AR A7
BN, B IR B T 6 TR AT, 2
ekt IgA BiER/E AL LSS T 50 °C WAL, 7Ef
BRI ZZ v A Z rh, SRES A S IR TgA BRSP4
PRI N4 8 B, 98 T TgA BRGHMIDHEEE{L IgAL
PEH . TERA R A LA PR TgAL 20t
H. influenzae ATCC49247 IgA BHIAL)S , 4558 s,
IR FUNIT AL FEREREIR T 1gA1 X IgA BfRYRL
S, (H IR R AL AL P AR 25200 TgA BT

IgA1 BTHAIEIT , K] TgA BETIIR REAE AL+ R AT 1Y)
AEEYE, REA R RS B R Y IgAl
[is7/ 8

BRI RN 22 AR E MR H. influenzae
ATCC49247 TgA BRI T T RS, A
BT IR BRI, —se Ak i AR —
SRR, Bz, AT R G RV LE R T
H. influenzae ATCC49247 1gA B4 i AL 1
FTEIE, b 1gA BERIPE SRt T He LA, A
FIF IgA AW ARG 25 M E T & .

REFERENCES

[1] Mistry D, Stockley RA. IgAl protease[J]. The International
Journal of Biochemistry & Cell Biology, 2006, 38(8): 1244-1248

[2] Lamm ME, Emancipator SN, Robinson JK, et al. Microbial IgA
protease removes IgA immune complexes from mouse glomeruli
in vivo: potential therapy for IgA nephropathy[J]. The American
Journal of Pathology, 2008, 172(1): 31-36

[3] Lombholt H, Poulsen K, Kilian M. Comparative characterization
of the IgA gene encoding IgA1 protease in Neisseria meningitidis,
Neisseria gonorrhoeae and Haemophilus influenzae[J]. Molecular
Microbiology, 1995, 15(3): 495-506

[4] Wang L, Wang HL, Shen HC, et al. Decomposition of low
glycosylated IgAl and its immune complexes by
bacterial-derived IgA protease[A]//The 11th National Congress of
Basic Theory of Integrated Medicine[C]. Yinchuan: Chinese
Association of Integrative Medicine, 2015: 2 (in Chinese)
Em, FbGE, WEE, F MEENE gA EAREXREEEL
IgAl B HARe S5 0 o Ve FALAL/BR | i 4 [ rh g R
B A AR 2B STE[C). 4RI R LS A
£3,2015: 2

[5] Li XY. IgA protease degradate the deposited IgA immune
complex in IgAN in vitro and vivo[D]. Luzhou: Master’s Thesis
of Sichuan Medical University, 2015 (in Chinese)
I, IgA B A BEFEER IgA B L2 S YRR A SMIFFE[D].
PN PO BERE L2 A0S, 2015

[6] Wang L, Li XY, Shen HC, et al. Bacterial IgA protease-mediated
degradation of aglgAl and aglgAl immune complexes as a
potential therapy for IgA nephropathy[J]. Scientific Reports, 2016,
6: 30964

[7] Wang HL, Zhong X, Li JC, et al. Cloning and expression of H.
influenzae 49247 1IgA protease in E. coli[J]. Molecular
Biotechnology, 2018, 60(2): 134-140

[8] Walker SG, Carnu Ol, Titer G, et al. The immunoglobulin Al
proteinase from Streptococcus pneumoniae is inhibited by
tetracycline compounds[J]. FEMS Immunology & Medical
Microbiology, 2006, 48(2): 218-222

[9] Simpson DA, Hausinger RP, Mulks MH. Purification,
characterization, and comparison of the immunoglobulin Al
proteases of Neisseria gonorrhoeae[J]. Journal of Bacteriology,
1988, 170(4): 1866-1873

[10] Bachovchin WW, Plaut AG, Flentke GR, et al. Inhibition of IgA1
proteinases from Neisseria gonorrhoeae and Hemophilus
influenzae by peptide prolyl boronic acids[J]. The Journal of
Biological Chemistry, 1990, 265(7): 3738-3743

[11] Wyatt RJ, Julian BA. IgA nephropathy[J]. New England Journal
of Medicine, 2013, 368(25): 2402-2414

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



