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Enzymatic Chemical Microbial Transglycosylation  Chemoenzymatic
engineering
Reaction conditions Gentle Harsh Gentle Gentle Mild
(Temp.: 37-60°C (Cone. acid Temp.:40-200°C  (Temp: 40-60°C (Temp.: 40- 60°C (Temp.
pH: 8-12) for 1-24h) PH:5.5-12) pH:5-7) 100-200°C for
1-6h)
Product yield Low High High Low High
Specificity High Low High High High
Toxicity Non-toxic High Non-toxic Non-toxic Low to moderately
toxic
Possibilty of industrial Limited High but separation of High Limited High

implementation

prodiuct is costly
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Enzyme

Chitinase
(20-120 kDa)
Chitinase

(85 and 50 kDa)
Chitinase
Chitinase

(67 kDa)
Chitinase

(74 kDa)

Chitinase
(69 kDa)
Chitinase
(94.2 kDa)
Chitinase

Chitinase
(12.8 kKDa)

Source

Chitinibacter sp. GC72
Lecanicilium lecanii

Chitinolyticbacter meiyuanensis SYBC-H1
Paenicibacillus barengoltzii CAU904

Bacills thuringiensis
Paenibacillus pasadenensis CS0611
Salinivibrio sp. BAO-1081
Esherichia fergusonii

Streptomyces thermocarboxydus TKUO4S

COS and
GlcNAc

GleNAG
(GloNAC)-5
GleNAG

(GloNAC)-2
GleNAG

(GleNA),
GlcNAc

(GleNAc)2
(GleNAC),

GleNAc

(GleNA)1-6

Analysis

TLC

MALDI-ToF

HPLC ESI-MS

TLC
HPLC

HPLC

TLC

HPLC

TLc

HPLC

TLc

HPLC
MALDI-ToF
HPLC

References

Gaoetal., 2015
Vila-Lerma et al.,
2016

Zhang et al., 2016
Fuetal, 2016

Honda et al., 2017

Guo etal., 2017

Le and Yang, 2018

Kim et al., 2018

Tran et al., 2019
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[Comim][OAc]
[Comim][MeO(H)PO)

[Comim][OAc]

(BMimlAc

[Comim][OAC]

Tonic liquid
function

Catalyst
Pretreatment
Go-solvent
Chitin extraction

Pretreatment

Pretreatment

COS and GleNAc
production process

Acid hydrolysis

Enzymatic hydrolysis

Enzymatic hydrolysis

Enzymatic hydrolysis

Enzymatic hydrolysis

Products obtained

GleNAc

GioNAc
(GleNAG),

GioNAc

(GIcNAG), (GIcNAG)s
GlcNAc

(GIeNAG)

GioNAC

(GleNAG)

References

Pischek et al., 2014

Husson et al,, 2017

Berton et al., 2018

Xuetal., 2018

Lietal, 2019
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COS derivative

Biological activity

Activity against

References

4-hydroxybenzyl COS
Gallic acid-COS

Geraniol-COS

Gallic acid-COS
Carboxylated-COS
Aminourea-COS

Antioxidant
Anti-prolferative

Antibacterial

Antioxidant Antibacterial
Anti-melanogenic COS
Antifungal

Chang liver cells

Human gastric cancer
cells

Staphiococcus aureus
Esherichia coli

Propionibacterium acnes
Melanin Pigmentation

Fusarium solani
Verticillium albo-atrum
Phytophthora capsici

Trinh et al., 2014
Ryu etal., 2017

Yue etal., 2017

Park et al., 2018
Zhenetal., 2019
Zhuetal, 2019
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COS and GlcN

COS mixture
((GleNAc)s-11]

COS micture
[(GleNA)2-6]

Four COS group
based on MW:

I: 100 kDa

1I: 100-10 kDa

l: 10-1 kDa

V: <1 kDa

Chitosan (300
KDa)

Four COS group
based on MW:

I: 100 kDa
100-10 kDa

l: 10-1 kDa

V: <1 kDa

(GIeNAG)s- 12

Biological activities

Antifungal

Antioxidant

Antioxidant

Antiproliferative

Antimicrobial

Antiprolferative

Experimental model

Trichophyton rubrum
Hartley guinea pigs

High fat diiet mouse

Carcinoma cells
(HEPG2, HCT,
MCF7 cells)

Bacills substilis
Staphylococeus aureus

Pseudomonas
aeruginosa

Candida albicans
Saccharomyces chevalieri

Human cervical cancer
cell lines.

Human endometrial
cancer cell lines Human
breast cancer cell lines

Techniques

Broth microdilution assay
Agar diffusion assay

Superoxide radical
scavenging activity
Hydroxyl
radical-scavenging assay
DPPH radical scavenging
DPPH method

ABTS radical cation
decolorization assay

Ferric reducing antioxidant
power (FRAP) method
Sulforhodarmine B assay

Filter paper disc method

MTT assay

Satisfactory outcomes.

Minimal inhibitory concentration (MIC) of
COS: 0.25-05%

Inhibition rate at COS concentration 0.1%
—1.0%: 13.04%—46.38%

Scavenging abilty at COS concentration 5
mg/mL:

Superoxide radical: 32.6%

Hydroxyl raclical: 41.9%

DPPH radical: 89.1%

Free radical scavenging abilty group IV
(g TE/mg COS):

DPPH: 1.84-86.97

ABTS: 1.99-93.56

Redlucing power FRAP: 1.44-91.07
1Cso values of group Il (ug/mL):
HEPG2-1.56; HCT- 1.84; MOF7- 2.20
Chitosan -inhibition zone diameter (mm):
B. substiis-12

S. chevalieri-20

Group IV COS inhibition zone diameter
(mm): C. albicans-15

1Cso of Human cervical cancer cellfine
(CB3A) (mg/mi) at:

24h-554

48 h-3.44

72h-2.43

References

Mei etal., 2015

Qu and Han, 2016

El-Sayedetal.,
2017b

E-Sayed etal.,
2017a

Zhao et al., 2019
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Ho.

HO 0,
HO. NH, HO.
AcHN HO H
Ry X. 1a HO- N.
\(')(\NHFmoc4> it T\Numoc
Rz
z 3
Ester X Ry Rz K [M-1s71] Relative rates
2c s NO, H 0.0071 % 0.0004 1
2d Se H H 0.0420 2 0.0012 6

#Reaction conditions: 1a (10 umol), esters (5 umol) and DIPEA (10 pumol) in 1mL of
DMSO, rt.
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HO R
HO- NH, HO
@s. TS {
{\NHFman Rk \é(\NNquc
3
Entry 1a(equiv) 2d(equiv) Solvent  DIPEA (equiv.) Yield (%)°
1 2% 1 NMP/PB 2 52
2 2 1 NMP 2 78
3 -] 1 DMF 2 76
4 2 1 DMSO 2 92
5 2 1 DMSO 3 0
6 2 1 DMSO 1 88
7 2 1 DMSO 01 85
8 1 1 DMSO 2 70
9 3 1 DMSO 2 R

2Reaction conditions: 1a (5-15 umol), ester 2d (5 umol) and DIPEA (10 umol) in 1mL of
solvent, rt. ®Determined by HPLC at 2 h. PB = phosphate buffer (oH 7.4, 0.2 M).
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Entry Peptide + glycan Product Isolated
ratio (P:G) yield

Ho. Ho o Ho.
©\ HO © Ho. o o
se Ho. NH AN HO N

%W AcHN )j AcHN
o o o
1a or 1b, DIPEA, DMSO

poteciod popide-CO0H) — - = =5 prolected peplide-COOH or protected peptide-COOH
4b-9b g 4eTc 5d,8d,9d
Ho.
1 4b+1a o % 69%
1:2) Ho. N 4c
AcHN ;\'
o
Boc.Cys:Gly-Phatie-Asp:Ala-Th(yM ¥pro) Lou-Ala-COOH
™
2 5b+1a o 83%
:2) Ho. N sc
‘AcHi
ES ”
Boc-Thz-Arg-Pro-le-Asp-lle-Thr(y"**pro)-Leu-Ala-Trp-COOH.
oot
3 6b+1a oS0 78%
(1:2) Ho. NH 6e
cHi
&
Boc-Val-Ala-Gin-Gly-Gln-Asp-lle-Thr(y**¥pro)-Gly-COOH
Woom
+o. +o.
4 7b+1a . . 80%
12) % N i, 7e (derived from EPO)
‘AN ‘A
M ol o T M op
Fmoc-Glu-Asp-lle-Thr(yM***pro)-Thr.Gly-Ala-Ala-Glu: His-Cys-Ser-Leu-Asn-Glu-Asp-lle-Thr(yM**/pro)-Val-Pro-Asp-COOH
on T a thobs
Ho.
5 5b+1b . _ 79%
(:2) Ho. o 0
AN HO- NHsd
ey
oA e
Boc-Thz-Arg:Pro-lle-Asp-lle-Thr(y**“pro)-Leu-Ala-Trp-COOH.
ot
6 8b+1b (o 82%

i o Ho.
(1:2) Ho. o%
AcHN  HO- NH 8d
et
o)\l IB‘u

Boc-Tyr-Pro-Arg-Thr-Asp-Val-Ser(y¥*M4pro). Ala-Gly-Thr-Pro-COOH.
[N
®u  pof Bu

7 9b+1b e 84%
(1:2) Ho. o 0,
an HO N ea

o L o
Boc-Thz-Gly-Tyr-Asp-lle-Thr(y™**pro)-Thr-COOH
!
&

aReaction conditions: 1a (10 umol), selenoester peptides (5 mol) and DIPEA (10 umol) in 1mL of DMSO, rt, 2 h.
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Entry

Peptide + glycan
ratio (P:G)

Q.

o

protected peplide-COOH
10b-12b

10b +1c
(1:15)

11b +1c
(1:15)

12b +1c
(1:15)

1c, DIPEA, DMSO

Product

o

protected peptide-COOH
10e-12e

sagemmy -

Boc-Ala-Asp-Val-Ser(y"***#pr0)-Glu-Phe-COOH

ZAMS, 1t

oy

o
Boc-Tyr-Lou-Gly- Asp-lle-Thi(y*¥pro)-Ala-COOH
1
Bu

28gemny -

eom 120 (orved rom L)
e &l:’“_

omu oot
e Aap Gl T 4510} Lo g T i
T VakPro VabHis-Lys-Asn-His-Gin-Lau-COOH
Trgbe T T T

aReaction conditions: 1¢ (3 umol), 10b-12b (2 umol), DIPEA (4 umol) in 0.5 mL of DMSO, 4 AMS, rt, 6 h.

Isolated
yield

66%

59%

62%
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HO O
Ho. NH, HO.
AcHN HO%H
N NHEmog — 2 HO N NHFmoc
°

AcHN

3

Entry Ester X Ry Ry Time (h)° Yield (%)°
1 2a O H H >4 <1
2 % S H H >0 8
3 2c S NO, H 10 75
4 2d Se H H 2 92
5 % Se H CHO 1 69
6 2f SeCHO H 1 67

2Reaction conditions: 1a (10 umol), esters (5 umol) and DIPEA (10 umol) in TmL of
DMSO, rt. ®Consumption of >95% of the starting ester in glycosylation reaction was
determined by HPLC. ¢Determined by HPLC at 40 h.
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Peptide (modification site bolded)

[K.AGQCVIGLOMGTNK.[C]
[KLAINCATSGWGLVNCLR [R]
[K.AMSYKPICPTCQTSYGIQK.(G]
[K.APPPSLTDCIGTVDSR [A]
[KI.AVQDLCGWR.[]
[KI.ETTNIFSNCGCVR [A]
[KILEINYVKNCER [A)
[KI.HELOANCYEEVKDRCTLAEK [L]
[KI.HFLSDTGMACR.[S]
[K.NCGCLGASPNLEQLOEENLK.[L]
[KI.NSNVDSSYLESLYQSCPR.[G]
[KINVECAR.[V]
[KI.SGIQPLCPER (8]
[KI.SSGCDVNLPGVNVK.[L]
[KI.STACQMLVCYAK L]
[KI.STLTDSLVCK.(A]
[KI.STTTSDPPNICK.[V]
[KI.TVCDAAEK.G]
[KI.TVGVQGDCR (5]
[K.VACAEEWQESR.[T)
[K.VWNEINIEDLCLTK [A]
[M).ACARPLISVYSEK [G]
[M.ACGLVASNLNLKPGECLR.V]
[R.EVGGGHGCTSPPFPQEAR [A]
[RI.FCEMCCDCR (M)

[RIFGSIPMQACQQK. (D]
[RIINISEGNBCPER (|
[RI.LQGINCGPDFTPSFANLGR.[T]
[R.LWPATQCGSLIGK (G]
[RI.LYYFQYPCYQEGLR.[S]
[RI.NLFISCK.[S]

[RISILSPGGSCGPIK.[V]
[RI.VMTIPYQPMPASSPVICAGGQDR.[C]

Protein name

Calponin-2
Fatty acid synthase

DTX3L

Charged multivesicular body protein 5
Protein ROC2

Ataxin-10

Nucleophosmin

Cofilin-1

§'-nucleotidase domain-containing protein 1
Arginine-tRNA ligase

Zine finger CCCH-type antiviral protein
Charge multivesicular body protein 1a
Lamina-associated polypeptide 2
Neuroblast differentiation-associated protein
Importin-5.

Elongation Factor 2

Protein PRRC2C

Perilipin-3

GMP synthase

TIP41-liked protein

CDGSH iron-sulfur domain-containing protein
60S ribosomal protein L4

Galectin-1

Portein lin-28 homolog B
Serine/threonine-protein phosphatase 4
regulatory subunit 1

Zin finger GOCH domain-containing protein 8
Poly(fC)-binding protein 2

Eukaryotic translation initation factor 4
Poly(fC)-binding protein 1

APOBEC-3C

Lamina-associated polypeptide 2, isoform
alpha

General transcription factor Il
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