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BE N-OBRAILE P E NG (endo-beta-N-acetylglucosaminidase, ENGase) J 1Z40F &MY, 352050 i [
HRITERREE N, S 5RMEAIINTE . ENGase UL B MIHEMRIR 1A T HEF, WL — PRk e e SEmsas SO Ik alons &
A0 FE R N-Z B S A B (GIeNAc) Z [BIAY B-1,4 BT 8. HOK ™ Y7 & ZEME AT — > GleNAc, oy A —4
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AP PR LR, A e SR 2 A A B A

KR N-CBRESEARET AN TIRE, NP, Urssont, Wekdmis, WEAyy

FESES Q55

A BN AR — ol A A T A% AR
AL R AR S A sh S B g R . BEBE A 454 AT
DUSE I F B AR EPE , B AU F R Y1k
PR A D) DR A BRI 1 . Behh, R
H i N-FESEAL Al e ik B2 5 ApfE S5 . 1w
ER AR E A TR | SAE S S
Sk, ERYHEUE AT RE TR N AR B B R A K
J&, WAl E AR BRI A, $R N BT B N-AE
ALY E B

B B 30 1 N-FEGE(E 5 7R 8 H g 3
B NN IE R i R b R 5 TR PR A
Mo A BTG G R T R R RIS RO AT
XTI A TET R T, 3k — syl 2 A T A 2
Pr & it & ¥ #il (endoplasmic reticulum quality
control, ERQC) FI P T W #H ¢ & 1 ot [ it i 12
(endoplasmic reticulum associated degradation,
ERAD) Zefift ', JFLAMORAZ i P9 S RS 8 A2,
& BAUFRY, Wil ERAD 18, ANGLYI
[N 25 ) A N-WEEE I, ] o2 B DI BR AR 505 it
PRI R B R AT SR A L N-BEEE s
RERITEME AR, 2 5EARENN R
. NGLY 1 & H A — 2 M 58 8 LB AVEE H
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CDG/CDDG) WY, BAEHZRGEHIGK
AR, HERFETTREAYRAY | AP B A bRk
CAEZ P S WAL A TR S AR > N-Z
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EHAG R SREE SR, WA ER T MBS
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1 ENGasefy &M

1971 4%, Muramatsu " 1 S 7E & A il 98 WK
W (Diplococcus pneumoniae) 115 3% W H WL 2L
T ENGase (Endo D) HY K fi# i 1 . 1974 4%,
Tarentino ' 1§ Je 4l AL JF RAE 1 ok A #8 WL 5E G A
(Streptomyces griseus) [ ENGase. %N VI 1 5%
WE= 00 o F BT AR, BT ARk i 44 0 i o
JE = P VD, B Endo Ho Koide 55 ) 7E[F]
— AR Al I RAE TR A R BUKTE (Diplococcus
pneumoniae) ) ENGase (Endo D) . 1976 4F ,
Tarentino %5 "' iz 18 T K} X9 i B9 45 ' (1) ENGase
(Endo HO) ., Delmotte %5 ">/ i i 3¢ FlJZ Mr 44k Jf:
FHE T S 75 9 Y ENGase. 1979 4, Pierce &5 ¢
FER BRI JE &2 BT ENGase TR #1981
4F, Overdijk 55 "7 75 AARAS [R) 2H 2 i 0 28] 4F 1
B, R IZEEAE AR T2 0 A0 . 1982 4F,
Tachibana %5 " DK BRI R il P 2 Ak 20 25 T i%
e T i FL 31 %) ENGase 1 )5S 9 45 5 4 19 0F 5%
1988 4F, Kadowaki % "' \& A5 L E% (Mucor
hiemalis) 1) T HEREA B 32 W rh W58 3 T ENGase
(Endo M) M/Kf#TGYE. 19824, Elder %5 ™ M
R M BB O W
meningosepticum) A% T ENGase (Endo F1)
(RGP, 1993 4F, Tarentino 55 ' 3 A i 4% fife 7
PR T4 T Endo F2 5 Endo F3,

DA%+ B8 K JE T Endo M L K 7 51 Sk 454,
2002 4 Kato 25 " 7E 75 I Fa AT 2 dL i B 20 rh & 3
T Endo CE. AT 7E RT3 H #1519 Endo CE
HEAT TR AT, 55—k dIE T 3% ENGase g 7]

(Flavobacterium

REA BT PE . 4R, Suzuki S2EGE ) 7ENHFL
) COS-T A3k T BE ) hENGase, FFERAE
TGN, %E T hENGase, BRI AN, BAIE
SETZFEE ARENE . MRS 2Rl g Rk . HE
P U5 1) ENGase B R I R KRS 240 il >
FHEE ST 2

2 ENGasef BT

2.1 ENGased45 %

ENGase ) 2701 TR EY AT, AFEA0H |
FLE . Y. SRS, (RAERERE A0 A Rk
% 40, ENGase ff 1E T /N 45 Ji B £ (Ogataea

minuta) W 2 B Ik 2 B (Candida
parapolymorpha) . T W & Ok [ (Pichia

anomala) . &[G 3% 4 (Zygosaccharomyces
rouxii) () A b H SR TR BR W B B
(Saccharomyces cerevisiae) . 5% 4 %4 Ji 1%
(Schizosaccharomyces pombe) . 5 3 i K& 7K [i%
(Pichia pastoris) 51t T & 22 W Bk (Candida
boidinii) FENAHAZB Y ik —FLRW], MR
ENGase G, 814> ENGase FH Y & ENGase
BRI B RE P K26 . ENGase 19T fE T E-5 BELE 4 4>
A AR G

TE Bk K AL A ) 16 P I £C 48 % (Carbohydrate-
Active enZyme, CAZy) "', HHEIC % & 1Y
ENGase 4315 76 B 1 /K f# i (glycoside hydrolases,
GH) %% 185 85 ', GHI8 ENGase {7 /K fift ifi
k5 GH85 ENGase [A] B A7 K it 5 1 5 5 180T 2k
(CFBERETEE) o 2 1400051 H T 387> GH18 ENGase
5 GH85 ENGase.,

Table 1 A summary of partial ENGases
*1 EB5TENGasesZ 45

W PRk E S R HEHMID PDB &L JERARE S SH LR
S IS S
(GH)
GHI8 Jitx 4 4 EE (Streptomyces plicatus) Endo H P04067 IEDT 313 i R E A e A [12]
Gy (42)
G 48 e 74 2 1 Endo F1 P36911  2EBN 339 e R R e T [20]
(Flavobacterium meningosepticum)® (50>
NG 5 4% e 75 4 1 Endo F2 P36912 / 335 Wb A B2 AT [21]
(45)
I 52 % e 2 AT AT Endo F3 P36913  1EOK 329 XU/ =flmE o [21]
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k1
BEE fd e KK H®HMID  PDB IR JERAR S EEBUN
NS
(GH)
P IR T Endo S Q99Y92  4NUY 995  Wflf/=mimEaR  [27]
(Streptococcus pyogenes serotype M1) (36)
B LA B EndoBI-l ~ B7GPC7 / 545 mHEEMoUMME (28]
(Bifidobacterium infantis ATCC 15697) (36 GBRRET
P B IR T EndoS2  TIWGN1  6ES8 843  wmyH @& MEZ/xummeE  [29]
(Streptococcus pyogenes serotype M49) 36) HIER
ESIZ0Vd | Endo BT~ QS8AON4 3POH 476 Wi/ =flfmE A% [30]
(Bacteroides thetaiotaomicron) 3987 Q2
15 ALK A EndoSd  AO0A191T6Q6  / 847 K fi g B2 A5 1Y [31]
(Streptococcus dysgalactiae) 36)
BRI T Endo SB_ A0A2Z5VGVS / 327 B 5 AR [32]
(Sphingobacterium species) 1188 Q29
Z AT Endo  AOAOPOFQI4 6Q64 364  XUff/=fE &R [33]
BT1044 20>
HE HWE WIRA% (Trichoderma reesei) Endo T C4RA89  4ACl 359 [EEp % [34]
44 an
&4t (Flammulina velutipes) Endo FV DI1GA49 / 131 O e H R B 2 5 1 [35]
BRI AMEE (Beauveria bassiana) ~ Endo BB AOA097F8J4  / 315 A A [32]
47
I 5 (Cordyceps militaris) Endo CoM G3JPF7 6KPL 315 XU H AT [32]
(18
GH85 Jitx #fw Hili 98 XUER T Endo D Q93HWO  2W91 1646 B L 25 [11]
Gy (Streptococcus pneumoniae)®’ 37D
JRAE AT Endo A QYZB22  3FHQ 645 e H R AL A [36]
(Arthrobacter protophormiae) 24
WET A T AT 1 Endo BH QYKER4 / 878 re H BRI 5 T [37]
(Bacillus halodurans C-125) (26)
HE AR HLEH (Mucor hiemalis) Endo M Q9C1S6 / 744 wHEERMAE [19]
EEXY] BRRE
N TiTERE (Ogataea minuta) Endo Om R4WHQS8 / 722 v H R R L Uk A 52 [38]
HREH
K5 WA= (Coprinopsis cinerea) ~ Endo CC1 ASP7P2 / 787  mHBEEAUME [39]
(75) G AT
K it A1 Endo CC2  DG6RKV4 / 689  miHEMR/MMAE  [39]
HRRETH
WAMREE (Rhizomucorpusillus) EndoRp AOA8SOPON9  / 696 e R E L Uk A [40]
Gt
LiEEY)] eI+ (Arabidopsis thaliana) ENGase85A  F4JZC2 / 701 [SRERTE [26]
£ P ENGase85B  Q9SRL4 / 680 e H A A [26]
LY 75 M AT 2% Endo CE Q19089 / 294 fe H B s 1Y/ 45 1Y [22]
(Caenorhabditis elegans)
N (Homo sapiens) hENGase Q8NFI3 / 743 151 H w2 A Y [17, 23]

VIES N HESIKKEE; 2 20054E il R MEE 54T (Flavobacterium meningosepticum) 44 NIKNIER PRI (14 H (Elizabethkingia me-
ningoseptica) ; > 19744EMi R XIRE (Streptococcus pneumoniae) W44 RS 4ERKE (Streptococcus pneumoniae)
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2.2 ENGasefJ RS54
AR Y FhF) ENGase ELA AL A A E T, (B
FEH P I AR o A SCE I R Y Fh ENGase F

AR 3 45 R 5 CAZy 7302545 BEA —3, %
GHS85 It Endo A #11 Endo D 4, Ff £ iy GH18 Fl
GHSS5 43 5l 2 AL A 1) # 35 . Endo A A1 Endo D 43

— o 2
WPs, 247 Z ¢ 50 R e st em (1), 325 Endo F3 Z [ R {5Z (Bootstrap) J20.556.
E—— fibi 55 % i B2 S AT 18 (Flavobacterium meningosepticum) Endo F3 GH18
0.556 I_': fili 5 AWK (Streptococcus pneumoniae) Endo D
0.788 JRAEATFFIE (Arthrobacter protophormiae) Endo A GH85 e
ZIEAUAF B (Bacteroides thetaiotaomicron) Endo BT1044 | ]
‘: T HREEER 1 (Streptococcus pyogenes serotype M1) Endo S
0.352 0.374 ki £ 9% I 55 35 FF B (Flavobacterium meningosepticum) Endo F1
B LRUEHFH (Bifidobacterium infantis ATCC 1569) Endo BI-1
0.862 WE Ut 5 (Cordyceps militaris) Endo CoM | E
0.956 T 58 JHe 75 B FF 1 (Flavobacterium meningosepticum) Endo F2 e
0.604 FH4KEE R 14 (Streptomyces plicatus) Endo H | gl
ptom) p
0.778 E &%k (Flammulina velutipes) Endo FV
0.972 HLIRAES (Trichoderma reesei) Endo T GH18
/N iR (Ogataea minuta) Endo Om TR
0.624 "/ S IEEY 1 (Mucor hiemalis) Endo M
IR 5 Y414 (Coprinopsis cinerea) Endo CC1
0.624 BEYIXFUR (Penaeus monodon) PmENGase I ?{?}’\ H
0.504 75 N BEAT 28 8 (Caenorhabditis elegans) Endo CE | gj% 0
0.394 0.902 i (Solanum lycopersicum) Endo LE
4@ JKF& (Oryza sativa) ENGase o)
1 JWMITT (Arabidopsis thaliana) ENGase85B
0.33 1 JWFETT (Arabidopsis thaliana) ENGase85A
Ll (Drosophil ) ENGase | Bt
0.336 ‘ ‘ #&fﬂ\ﬂ% (Xcinopu‘s tropicalis) engase | LRES
0,998 ‘ ‘ RI;J@ (Danio rerio) engase | 120
0.886 /INE (Mus musculus) Engase
I (Bos taurus) ENGASE 3 =
E SBARSE (Pan troglodytes) ENGASE AL
1 N (Homo sapiens) ENGase GHS5

Fig. 1 A phylogenetic tree of ENGase ( nodes whose bootstrap above 0.33 are indicated by values )
E1 ENGasefi#t{Lit ( AIEES T0.330 9 X AHERT )

2.3 ENGasefEE 1%

ViR oK f BT, ENGase 1 LR SR ) #) fOSs
T R s 2R 1B A0 TR GleNAc 22 R
B-1,4 BT HE, FEB— A N-BHE R I, Fok
— 4~ GleNAc 307 A4 — 1~ GleNAc [ 85 Ik 2l i 2
F17 VA REERS, n LUR R 7R 2 5 b
FER N A BB B o RIRRXAS RN, AT DAEfA
S EEE R A L (B12).

BT Bl A A AL ML AL A% 8 (inverting) 5
REE R (retaining) . HA R B B XU AILE], 7E
TEAL PR K R RIS, A EA eI . A
WAL B R IE M rT LA BURT AR T 8, BA—x
(I B . BFFE &0, —2E GH8S5 ENGase £5E 55,
555 (WIN171A Endo A " 5 N175A Endo M ),
KRG PERRAL, FEMESLEM R ET S . HEAE K
B, —2f S5 (41 Y205F Endo A ' 5
Y217F Endo M “*) ), NLRELR R K TG 1, i BE

Pem oM. WA B R, B GHIS
ENGase H A KM IE M, (HAE f RS F i AT A o
KA AR, R T e A R
71, I D233A /D233Q Endo S ',
2.4 ENGasefi4#4

GH18 ENGase 5 GH85 ENGase H. 47 #H {1 1
(B/a) &-TIM A 45 49, fH 3F P 7 5 B A A [ .
GH18 ENGase WG PN SRR E IR (Glu) FIERA
#M: (Asp), GHS85 ENGase i1 PE (7 2 AR
(Glu) FIRA®EME (Asn) (E3). 7 L EHFEE
177 BiFRAF B ENGases 11, {UCH /DER RIS T &
{4549, hENGase &5 H AT 2N fdT . AL
C. 4 # hENGase %R IAA R, JFEIE T BHE M,
AN, 38 3 AlphaFold2 il T hENGase ) = 4k
g5k, I HaE L FR SR 5 2P e, S5
IE T hENGase FUHEALTEPED 25, ATk ENGase il
HIFIBEE T AL (R,
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Fig.2 Schematic diagram of ENGase enzyme activity reaction ( take glycoprotein as an example )

E2 ENGaseBgigttk M EE ( IHEERAHG )

(®)

Fig.3 Structure of ENGase
E3 ENGasely%13
(a) GHI8 Endo H (PDB: 1EDT); (b) GH85EndoA (PDB: 3FHQ). Wifa MaljiE, L@ MBS, #OEIER KM IEMALN S, 40

OB LR A TR PG A5

3 ENGaseHIEYZINEEFR

3.1 YHEENGase

2007 4 Sharma 5 ' % B, J5UZE PR A
(Arthrobacter protophormiae) RKI100 B #E 7] ifif 52
U (¥ 3K 300 mmol/L) FY AT Al 3k K R iR
(O-nitrobenzoate, ONB) fJ 71 ; 2014 4F Pandey
A oL B g - 9% AR T % A5 B T ONB HIUER PR
TM21. 7Ef ONB T, RKI100 FA %A 55
N OB S, (R R AR TM21 B IH R o 7 12%
NaClEh 55 0F T MEERIZE RIS, $/5 TM21 tkh
KA T @B 20U RAE . JP5IXT o bt &3,
TM21 Bk e I TR T ENGase, T2 53 BT iiE
5, ENGase A ML . IR Wos 7,
AN 2 QI R R R TR B RS, TiFE 5
KB A8 4k, I, ENGase 7] fig 2 18 11 7K fif

TG VESUE RKI100 B0 kB2 ONB/NaClL it
3.2 EHENGase

B ARE (Trichoderma atroviride) +&—FPiR
WA AR, AT TR R R AEYIEE . BLIRR
T 425 ENGase, 43 %)/2& Engl8A (Endo T) 5
Engl8B. 2012 4F Dubey %5 '“*' ¥4 # T AEngI8B il
Prbk, SEAR (WT) FHLG, @Bk AEngI8B A%
521 ENGase [ B 6 M, 35X 0] 68 J& N8 Engl84 1Y
e, BeAh, AT WEE 3] — 28 AEng18B rif BR ik
HEREFMHMERR, Fln, ARl 5 E R
i, FERSe KRR L VA IS R A B AR
AT R . TEAEEE R I AF T (Rh7E
A 1 mol/L NaCl 5% 0.025% SDS), AEngl8B iRk
HABEAAERER, R TR b bt
J7, BKSESRA R ] SR F T L RE D g 2
). BeAh, AR & Bl AEng 1 8B Rl R AR AE A4

kbl
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REFR I R LT BB RE Tk, X g I L
(Botrytis cinerea) WHEPLRET] TR,
3.3 #FIFFENGase

WSt (Arabidopsis thaliana) 45 Wi~ IHEVE
ENGase 3 [H , /3 5l & AtENGase85B (At3g11040)
Ml AtENGase854 (At5g05460) . HF 58 k& M,
AtENGase854 RArZENFGR ., HMER AtENGase854
% AtENGase85B, %A RIMHHEIIFR . FEEAE
b, RIS B34 S5 A — 1~ GIeNAc I iF 25 5
W, L U R N-BEAE A SR A A
GlcNAc) FLER 26 #0 L8] ENGase A/ FH T Ii# &5

2013 4 Kim %5 50 k4 T 9 F U RS IF ENGase
(2 AR XT TGG1 AT TGG2 (W3R R A 3 28 1 7
MK B ) B9 N-GIcNAc & i 9 s% e, & 3R
N-GlcNAc & i () TGG2 78 AtENGase85A4 .25
A R E R, AE RS ARRIE R . 1 N-GIeNAc
FEAE M 1Y TGG FE AT An] S8 AR AR th ¥ R 32 52
TGG2 B4 %+ ENGase /K fit i 8 11 | 19 B4 T
J7HE B —N-GleNAc B B T, TGG1 145 5%
MR, 4 Y ENGase B R S0, JEARE
A o R RIS B IR
3.4 FEFENGase

1998 4F- Kimura 5§ ' X} % jiii ENGase (Endo-
LE) 47 TIEY R R, KL R AEE R
Y2 GN,-M,-PA il GN,-M-PA, {HRREK fiffi 4y
I AR S AR N-FiSE . Kimura 5§ 2 %2 DI
Fi A RIRFSY T %) ENGase 977 955 5 52 LA 1)
SO, AT A IR, Ui RS N-WHEE 1) 7 Bl 2 i A
AR, HP GN-M, 5 GN-M, 1 & 5w, T8
A A e B S S s e R v il ENGase 1 P AH X
Fa5E o 2022 4R A i1 #1 F CRISPR/Cas9 #4 £ T & i
ENGase M bE1E (Aeng), FE0HT T Aeng i Bk
T B e H iR SR 24 Y SRR, Aeng milR
B A B 45 F4 J& GN,-fOSs, 1 A~ f& GN,-fOSs, {H Al
TTHARA K BE I A A —A> GleNAc 9 = H #2125
FTERR AR S i R

AR I R IR, U 25 N-HHE 70 A7 20 i v
THURE SR Sl A AE TR Xy A ) 4 L Ak
ARKEAEEZ LD, BRIEZHEYRIEM
ENGase N RERFY) & ANE ) N-Fi6E , $n 5 HYIK
5% ENGase A~ K A fig B2 SHEYAE A AR
A T N- 2B /B K7 4 GNL-fOSs,  {H i ENGase
YER =41 GN -fOSs M AE K KB . otk &

o Ko oAl Af BRI G B VR R EA IR AT IE o
3.5 ZHENGase

75 T BUFF 28 B ENGase  (Eng-1 5% Endo-CE)
R SRR 22 3R, A ] K A
0 TR SR o O ) B £ L fOSs 1Y R A IR 12
Kato 5§ 9% JF— 2570 B T 4k HL fOSs 194> T 4544,
KINAE R AE R durp, B4 53 )& GN-fOSs, Tl
TE AEng-1 RiBR R (im1208) fOSs (Y A2 FE A
GN,-M; & GN,-M, A X & i W &3 . iFic &
PR, R AT P ) o R (MAN2CI),
S HABY FRE, GN,-M, 1 fOS IS A Zhn T,
B AR IR IR, 28 o-1,2 H @M il Ak 2
JEIE AT a-1,2-74 45 1) GN,-M; AT 25 FEAE

Rt — A A fOSs Sl i BR- 5 ZR A 7= A
(), Kato S5R43HT T 85 /K SR o H B4 11710 11 85
RIZL At (1m1078) ) fOSs, Z5RFW, AL
B, R B T A A R I8 B 3 GleNAc 7Y fOSs
(GN,-M;-GN,) , $&7~7EZk i N-#E 2 11 Al B2 1E
1 R SRR HEAT N TR R A o AF ST LA A LB fOSs
SIFTESE RS, SRR IR AT BB A BE B T
EEHIAELE
3.6 RiEENGase

ENGase W B V) =¥ 2 —, BiA —1
N-GleNAc B85 1. 4l N N-GleNAc 4 1 1 5
£, WHESME N L O-GleNAc 55 . 2022 4F
Na % 57 75 F SR8 7 T8 AIF 5 B4 4 384 8 0 4
Feit, BF9E 74N PNGT (NGLY 1 [R)JEEH ) .
OGT (O-WHILAELF4HE) M ENGase %5 It i fiff =2 6] 1Y
MEAERH, UEEESERHEREZ R ER.
AT A, EmiE T4 (intestinal stem cells,
ISCs) 45 5 M i F% PNG1/OGT i i |
ENGase ik T, 1SCsHFHISGE . 78 FH 5 DL Hms
M ENGase BTG MEI , ISCs BRI 5, 45 5R4%
7N, R0 7 E T 40 0T ENGase B3k, 52 PNG1
MOGT&FEMA5, M N ENGase 1% P 1 &K 5 148
MRS ASAH
3.7 4YFENGase

WFIR B, BEEE L0 N-SRBHAE 5 5 85 1 F0
I FE LA FR TP A AR AR L IR
A SE SR 7 (white spot syndrome virus, WSSV)
JE AT SRR AT, AW B I WSSV — 2
AR 1 AT N/O-BE JEA B 67 o5, (H AT 5%
IEVA RS 2R R 4 2 BB R A 0 2009
4F Zhao %5 ') & B R BT R C T BEAE K 1
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(C-type Lectin from the
vannamei, LvCTL1) EAH WSSV 3G, BT
AR Z Rl U R WS 7 1AL, Huang 55 #fE
W7 WSSV T B Ji 2 A8 v W] I & A 1 8 1 ot
(R LA RN Z R A R R, DAk 3% 1 = B 5 By A
RS,

2020 4F Huang % ' JIESE T AR AT BE &
ENGase KAFAE IR o AITRBL, 1E WSSV LY
BET X EF (Penaeus monodon) W' PmENGase 3% ik
LA, FE WSSV Mg, KM PmENGase JUEK
FIRIE, WRRY BB TR R HE DB R
W PmENGase 7E WSSV & il i B B A5 T —E 1Y
YERT o 4 D H K -S- 6 B il it & & B DT F R
(glutathione-S-transferase-pull GST-pull
down) A1 4t %% FL T JE  (co-immunoprecipitation,
Co-IP) 24 & /R PmENGase 5 WSSV 41 fi5 2& 1
VP4IBAAHEAE, X$2/R, PmENGase B 1 JoH
FACTE R I PE, 7E WSSV Ry ad f il & 45
HAWRIVE
3.8 FRENGase

2006 4 Chalkley 55 ' T Hy 154 B fiff 25 51 1% 43
Br 7 B Ak O-H IR, 45 T 67 4> GleNAc-H ik
2013 4F Trinidad 55 " FAE T FLSE i (A v 4 N-HE
Bk, & BT K& Engase 09 729y, HIAFH —14
GleNAc [ N-FERK . X445 5 ARG 21 4 N-H R 1Y
32%, #=27~ Engase ROW7EANMI AN & — I H S A .

J AL Engase & 15 H S 5 A B4, 2015
4 Suzuki SL K% 1) 7E Nglyl™~ Engase™ SUEEER A/
UG AT 4E40HE (MEF cell) HIL36IK T Engase
K Nglyl W5 Y (RTAAm) . 58 &Z 8L, Nglyl
Bl ] 2L Engase JIEY R R, HEFRIK Engase J5
AT R SN = AR . A, AT ST T
Fi/NEUMEF 4l fOSs 25t f & 7, 45555
Il BT 2 s AEng-1 # bR bR AR — 3 =, IEW]
Engase 1L T M Jii GN,-fOSs [i] GN,-fOSs % () §
k.. TE Engase” MEF 40 fifiH, & LHIJ5T fOSs 32 %L
HT GN,-M, 5 GN,-M, 2, 3R] Man2C1 ALY T
TR 2P X —45 2R 5 Man2C1 7EARSM AT GN, -
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Abstract Endo-beta-N-acetylglucosaminidase (ENGase) is widely distributed in various organisms. The first
reported ENGase activity was detected in Diplococcus pneumoniae in 1971. The protein (Endo D) was purified
and its peptide sequence was determined in 1974. Three ENGases (Endo F1-F3) were discovered in
Flavobacterium meningosepticum from 1982 to 1993. After that, the activity was detected from different species
of bacteria, yeast, fungal, plant, mice, human, efc. Multiple ENGases were detected in some species, such as
Arabidopsis thaliana and Trichoderma atroviride. The first preliminary crystallographic analysis of ENGase was

conducted in 1994. But to date, only a few ENGases structures have been obtained, and the structure of human
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ENGase is still missing. The currently identified ENGases were distributed in the GH18 or GH85 families in
Carbohydrate-Active enZyme (CAZy) database. GH18 ENGase only has hydrolytic activity, but GH85 ENGase
has both hydrolytic and transglycosylation activity. Although ENGases of the two families have similar (f/o)8-
TIM barrel structures, the active sites are slightly different. ENGase is an effective tool for glycan detection and
glycan editing. Biochemically, ENGase can specifically hydrolyze B-1,4 glycosidic bond between the two
N-acetylglucosamines (GIcNAc) on core pentasaccharide presented on glycopeptides and/or glycoproteins.
Different ENGases may have different substrate specificity. The hydrolysis products are oligosaccharide chains
and a GlcNAc or glycopeptides or glycoproteins with a GlcNAc. Conditionally, it can use the two products to
produce a new glycopeptides or glycoprotein. Although ENGase is a common presentation in cell, its biological
function remains unclear. Accumulated evidences demonstrated that ENGase is a none essential gene for living
and a key regulator for differentiation. No ENGase gene was detected in the genomes of Saccharomyces
cerevisiae and three other yeast species. Its expression was extremely low in lung. As glycoproteins are not
produced by prokaryotic cells, a role for nutrition and/or microbial-host interaction was predicted for bacterium
produced enzymes. In the embryonic lethality phenotype of the Ngly/-deficient mice can be partially rescued by
Engase knockout, suggesting down regulation of Engase might be a solution for stress induced adaptation.
Potential impacts of ENGase regulation on health and disease were presented. Rabeprazole, a drug used for
stomach pain as a proton inhibitor, was identified as an inhibitor for ENGase. ENGases have been applied in vitro
to produce antibodies with a designated glycan. The two step reactions were achieved by a pair of ENGase
dominated for hydrolysis of substrate glycoprotein and synthesis of new glycoprotein with a free glycan of
designed structure, respectively. In addition, ENGase was also been used in cell surface glycan editing. New
application scenarios and new detection methods for glycobiological engineering are quickly opened up by the
two functions of ENGase, especially in antibody remodeling and antibody drug conjugates. The discovery,
distribution, structure property, enzymatic characteristics and recent researches in topical model organisms of
ENGase were reviewed in this paper. Possible biological functions and mechanisms of ENGase, including
differentiation, digestion of glycoproteins for nutrition and stress responding were hypothesised. In addition, the
role of ENGase in glycan editing and synthetic biology was discussed. We hope this paper may provide insights
for ENGase research and lay a solid foundation for applied and translational glycomics.
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