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roles in protein folding, secretory trafficking, and environmental responses. Peptide: N-glycanase (PNGase) catalyzes
the removal of entire N-linked glycans from glycoproteins, notably converting the glycosylated asparagine residue to
aspartic acid and thus achieving an amino acid substitution without altering the genome. This study utilized the model
eukaryote Saccharomyces cerevisiae, taking advantage of its sophisticated genetic toolbox and numerous conserved
eukaryotic characteristics, to investigate glycoproteomics and deglycosylation editors. In this study, we first knocked
out the endogenous PNG1 and, on this basis, constructed PNGase-expressing S. cerevisiae strains. Using quantitative
glycoproteomics, we compared the deglycosylation activities and deglycosylated proteomes of the endogenous Pngl
H1-domain deletion mutant (PnglAH1) and Elizabethkingia miricola PNGase F (PNGF) expressed in S. cerevisiae.
The results showed that PNGF and PNG1 shared some common substrates in S. cerevisiae, whereas PNGF exhibited
more distinct peptide- and site-level differences, suggesting that the exogenous PNGase possesses a substrate spectrum
and application potential that are not fully consistent with those of the endogenous PNG1.Further comparative analyses
revealed significant differences in the deglycosylation editing efficiencies of PNGases from different sources toward
selected target proteins. To further improve deglycosylation efficiency and explore the potential of PNGases as protein-
editing tools, using the cohesin-dockerin (Coh-Doc) protein interaction system, this study constructed targeted
deglycosylation editors for the glycoproteins Cdc50 and Ecm38. The results showed that this system enhanced the
interaction between PNGase and target proteins, and the editors markedly enhanced the deglycosylation efficiency of
PNGase toward the target proteins. Moreover, this editor can, to some extent, compensate for the limited spatial
accessibility of heterologous PNGases in host cells, demonstrating promising cross-species adaptability. Finally, by
genomically inserting a Coh2 tag in situ at the Cdc50 locus, we achieved efficient deglycosylation editing under
physiological conditions, reaching a deglycosylation efficiency of 44.8%. This study explores the protein
deglycosylation function of PNGase and, using S. cerevisiae as a model system, establishes an intracellular
deglycosylation editing technology for target glycoproteins, laying a foundation for future development of glycoprotein

editing tools for life science research and disease therapy.
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MR N-FESAL DI RE D A T8 70, IRz, BEEEI
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125 RT-qPCR
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Flo KA 2™ HAHN R RIA R .

R ARG
Table 1 Primers used in this study

Primer name Primer sequence (5'—3’)

PNGI-F GGAGCTGCTTCGCTACTTCA
PNGI1-R CTTGACTGCCCAGAGGTGTC
ACTI1-F TTTGACCCATACCGACCATGATACCT
ACTI-R TCCTCGTGCTGTCTTCCCATCT

12,6 &RGQRAFHH

WM SR VB B AR A R 2 A 58 K.
KHEKMEAERH B (HILIC) &%k, 57
HEK (H2'*0) {8 FH PNGase F V)5 BE4E I bric
WEFEA AL . FF Glycosmos 45 g 0, St )it i
OB AL AT HE B Rk, 13 B0 A B
(=
1.2.7 #K¥ERE

b0 S s R 7 < i - R |
GraphPad Prism 10.1.2;

X T 9 2H i m 2 A ) B e-test EAT VRAL
% 20 A 2 8] B B Ak H B DR R 7 A . AT
B EVEAREN*: P<0.05; **: P<0.01; ***;
P<0.001; ****; P<0.0001; ns: LRZEMHER

2 HiR5Hr
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Wi B R P Y, MR T R M B B Y PnglAHL
(ER) . PNGF (ER) & H % % ¢ 48 #& dPNGF (ER)
[ 1],

Elizabethkingia miricola PNGF (354 aa)
40 135 142 354

g S N = 8P - N-terminal domain = C-terminal domain -C

i :

’E_ 3 Saccharomyces cerevisiae Pngl (363 aa)

b 1.0F i

% SE 32 183 238

e N = H1 Transg domain c

£ Lo ol
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= (c) PNGase (ER)

L IxFLAG

z N - - - .n— 1
0.0 1 N = PNGase i C

WT AScPngl

Signal peptide

ER retention signal

Bl MR T BRI 2 128 R A 10 2
(2): ] qPCRIGMEF AR (WT) SRR (UScPNGD 1 ScPNGI I FAKT (R TR, ***: P<0.001, #ZEH: FIELR
HEZE). (b): FRIEEERE (S. cerevisiae) M Mifiss 7 WM AR AN 5 FI B (E. meningoseptica.) KIFHIMK: N-HEHEFE M ISR ZEE . (¢): PNGase
(ER) A,
Fig.1 Construction of PNGase-expressing S. cerevisiae strains
(a): qPCR analysis of ScPNG! transcript levels in wild-type (WT) and knockout (APNG1) strains (two-tailed Student's ¢-test. ***: P<0.001; error
bars: mean £ SD). (b): Domain architecture of peptide: N-glycanases from S. cerevisiae and E. meningoseptica.(c): Schematic representation of

PNGase(ER).

o 565 F HE U T O RO B RE R ) SRR E L, A
Wt 7t K FH PEG/LiAc fb 5 3 A0 R0 IEwi i 22 11 H 1
J5RL 43 93 5 N ScPNG 1 i 5% B Pk« &% PNGF (ER)
Gb, BRI EAL T, IR RE R BTN T R
W3 B A5 5 Bk PNGF B Bk 4 i #1, 564
i TR A . B E T GALL B BT WREN
e LM 5 M PNGF (ER) Rk kL, #4576 DL
R 7 W R T R () D] R O B R T 3R AR Bk T
AL 2% 1 FUE (0 T BRI H R iR 5 7 2 HE AT %
F K15, Western blot 25 R o~ , Frf I 4L 3k
3R VR B AR, 38T TR AR R4y AR BT
BT PR e 1 1 2kl [ 2Ca-dD ]

PR M R AL 4G T A BT, DRI PN T R
B 10 W O il A T R A B Ak S . A ] NetNGlye-

1.0 /£ 2& T_ A (https: //services. healthtech. dtu. dk/
services/NetNGlyc-1.0/) %} PnglAH1. PNGF i 17
T AE B A AT s B T, Pngl 7E N68 J2 N170.
PNGF 7E N93 Jz N192 &b 7] & 47 75 # J& 1k A5 1 .
Western blot 45 .75, 5t W 3 8 1) PnglAHI &
dPNGF ¥ fEfE K FH B T EME W [H20,
d) 1. {H 37 ML PNGF(ER) AELE R B K T3
W TEMEW (K21, #umaetdT
PNGF H & B 5 m L Et:, B Sy
Bk o A% HUMA % B 0 5k = 45 dPNGF(ER)D, JR7E 1A
A0 7 5 AL PNGF AL 2, Western blot it 71 4 2
EEAONAFEHEE> FEXW [BK2@], 5
PNGF(ER)—%{, W PNGF(ER)HfiSLL ) 1 bk
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(a) (c) (e)
pRS42E PnglAH1  dPnglAHI APNGE PNGF
- K APNGF
| FLAG 38 FLAG (ER)
- e PNGF - +
- - B -
e FLAG
Pl @ 35 .
(b) (d) FEEF
cuie. . MM S b ERE
PRS426 PugiaAMI(ER)  PoglAHIER) we § ¢ & ] — (ER)
b =] N e
a8 FLAG » | FhGk

Coomassie Blue

> E Astln

% Gle 2% Ral
+2% Gal

B2 TR T AN 5] 4 DK 8 2 708 T K P 380 1
(a): Western blot 5 iiF Pngl AH1 2 H 5 7% 58 48 4 dPng1 AH1 7 BRI 1% B4 i A K3k . (b): Western blot 5 1 P9 57 X ¥ 84 1) Png1 AH1
(ER) TEBRI % B4 iR 1L . (¢): Western blot 4 1iE PNGF J¢ H 2 3 R AL /& dPNGF 7E BRI %% B} 40 f P 19835 . (d): Western blot 5ilE
PNGF (ER) [{2EFWEHE S EREX (S, Z5RMLD . dPNGF (ER): &M H k%X dPNGF (ER); PNGF: T i1k PNGF.
(e): MAAMEFYIIIE APNGF (ER) WEEAGAEMT (ZUMSLSes, 4B .
Fig.2 Validation of PNGase-expressing S. cerevisiae strains

(a): Western blot validation of PnglAHI1 and its inactive mutant dPnglAH1 expression in S. cerevisiae cells.(b): Western blot validation of ER-
retained PnglAH1(ER) expression in S. cerevisiae cells. (c): Western blot validation of PNGF and its inactive mutant dPNGF expression in S.
cerevisiae cells. (d): Western blot validation of galactose-inducible PNGF(ER) expression (three independent experiments with similar results).
dPNGF(ER): enriched from S. cerevisiae strains expressing dPNGF(ER); PNGF: commercially available PNGF. (e): In vitro enzymatic
deglycosylation assay confirming glycosylation of dAPNGF(ER) (three independent experiments with similar results).
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T BEBE AR R 0 A 7K P 1 2 25 PR AR, L b i o
Png I AH1 3255 20 far I 2] 1) 25 0 B A0 R P e v, S
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Fig.3 The growth differences of S. cerevisiae strains expressing different glycopeptidases
AN [ Wl K B 7K TR MR AE SD-Ura WUMACHE T Jik b (1 [R5 AR K il 2k

Synchronized growth curves of strains expressing different PNGases in SD-Ura liquid medium.
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AHREESE, HWAFE—EZER, PnglAHI
BfERZzZz5EANSHEEN . RS
FEMVE/E SRR (4, 11 PNGF F78: 7E AR 8 (3 0 4
22 5MpEEH S FEARU . GPLE e iR (K4
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Fig. 4 Identification of potential PNGase target glycoproteins by quantitative glycoproteomics
(a, bd): AR NHEEEAAL S — e BE BRI AR XS E BAB/R N8 B R E BB AR /MEE R CRRETr 20 #r,

*kkk, P<0.0001, **: P<0.01, ns: LEREEER).

(c, d: PNGF L5 PnglAHI il f5 8 (¥ 83 2 57 (S 4R —hoE BB/ IR —4b 2 BH< 0.667) FEIEALABMAK B S M 8 1 B K 55

K7 A

Ced: JRIAT 3 (1 2 25 72 e WL AL AR U R B B WA 3 11 3 R GO i B 0 # o

(f): PNGF 5 Pngl AHI & EREER (A4S F2 (biological process , BP) EHZER%H.

(a, b): Violin plots showing the distribution of normalized glycosylation site values (modified peptide relative abundance/corresponding protein rela-
tive abundance) under different strain backgrounds (one-way ANOVA; **** P<(0.0001, ** P<0.01, ns: not significant).

(c, d): Venn diagrams illustrating significantly downregulated glycosylated peptides (normalized ratio < 0.667) and their mapped proteins in PNGF

and Pngl AH1 expression groups.

(e): GO enrichment analysis of significantly downregulated glycosylated peptides and their mapped proteins.

(f): Differences in enriched biological process (BP) terms between potential target proteins of PNGF and Pngl AHI.
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Fig. 5 Validation of Pngl AH1-mediated deglycosylation of selected glycoprotein targets
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(a-g): Western blot analysis of target protein expression under Pngl AH1 and target protein overexpression conditions. (three independent experiments

with similar results). The deglycosylation level of the target protein is reflected by the molecular weight shift of the bands.
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Fig. 6 Validation of selected glycoprotein target deglycosylation by PNGases from different sources
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(a-c): Western blot analysis of target protein expression in cells overexpressing target protein PNGases from various sources (three independent

experiments with similar results). The deglycosylation level of the target protein is reflected by the molecular weight shift of the bands.
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Fig. 7 Construction and functional validation of the targeted deglycosylation editing system
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(a): Schematic diagram of the targeted deglycosylation editing system based on the cohesin (Coh)-dockerin (Doc) interaction element.
(b, ¢): Co-immunoprecipitation assays demonstrating that the Coh2-DocS element enhances the interaction between PnglAHI1 and target proteins
(three independent experiments with similar results).
(d, e): Western blot analysis of the targeted deglycosylation editing system performance with different linker lengths (XTEN10/20/40) (three

independent experiments with similar results). The deglycosylation level of the target protein is reflected by the molecular weight shift of the bands.
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Fig. 8 Comparison of editing efficiencies of targeted deglycosylation editing systems constructed with different PNGases
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(a, b): Western blot analysis of target protein deglycosylation mediated by PNGases from different sources (three independent experiments with

similar results). The deglycosylation level of the target protein is reflected by the molecular weight shift of the bands.
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Fig. 9 Functional validation of the targeted deglycosylation editing system under physiological conditions
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Western blot analysis of Pngl AH1-mediated deglycosylation of Cdc50 under physiological conditions (without target protein overexpression) (five
independent experiments with similar results). The deglycosylation level of the target protein is reflected by the molecular weight shift of the bands.
The bar chart on the right shows the relative quantification of the target protein deglycosylation level (deglycosylated protein / total protein), based
on densitometric analysis of Western blot bands (one-way ANOVA; **** P<(0.0001, * P<0.05, ns: not significant; error bars: mean + SD).
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