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Abstract: Human milk oligosaccharides (HMOs) are a structurally complex group of unbound
polysaccharides, representing the third-largest solid component in breast milk. They play a
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crucial role in the intestinal health and immune system development of infants. Sialylated
HMOs, including 3’-sialactose (3'-SL) and 6’-sialactose (6'-SL), are major components of
HMOs, playing significant roles in immune regulation, anti-inflammatory processes, and
promotion of probiotic growth. Currently, the cost-effective production of high-value sialactose
by microbial fermentation with readily available raw materials has become a research hotspot
due to the high nutritional value and potential applications of sialylated HMOs in infant food.
This paper summarizes the functions and biosynthesis of 3'-SL and 6'-SL. Furthermore, it
reviews the research progress in the synthesis of sialactose by Escherichia coli, offering
valuable insights for future industrial production.
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NFLAK M (human milk oligosaccharides,
HMOs) & f8 A 7E T AN FLH B9 — R+ b
KEGY, ZAFL PRI GV Z a5 =
KEFERLSN, FE S Fld, B p-#20 .
D-F LM . N-Z BRI A B . LA N-&
B2 R IR (MR, IS EL IS S, a2
AU R 200 ZFOR[E HMOs,  Hk i 65 1
FLIA S B OE S W)L HMOs 1Yk EEZ) N
20-25 g/L, TIMFLIS AR BE S5 B4 22 520 g/LP,

AT, AZURSRE O R T2 4L
MIRetE R, BAT RN R R . AR
AL A4, HMOs 27310 F 326: (1)
PAZ LA HMO , H A ZUE-N- PO (lacto-N-tetraose,
LNT)F1FLAE-N-#r PO (lacto-N-neotetraose, LNnT)
ARZLIERN AR 5 (2) B & AR HMO, JL
FLAh A5 AE H PR O B HMO | 3% 2 5 e ok

OH OH

e Y oo p
AchN L~d M‘o OH-X==%\ ., on

e, N 2 B FLME (2 -sialactose, 2'-FL),
3- A B ILE B (3-fucosyllactose, 3-FL)FI A
WL M (difucosyllactose, DFL)55; (3) & w4 MEVR
A HMO, #11 3/-ME VK iR LB (3 -sialactose, 3'-SL)
FI 6'- MV 1R FL W (6'-sialactose, 6'-SL)&5:061

TE HMOs BWFST H , IR R FL B (sialactose,
SL)& W52 3 T A9 N 51561 . SL HA 2R AEY)
TEPEFTIRE, sy . bk . ek s A W
KGR VER . Bz a4 Tah ik N g 25
HAURFARR , AAFEER . FLH . RO IR
4 MR ME VR R (sialic acid, NeuSAc, SA)'S5
WSS G s B R A], ADKE SL 4324 3'-SL
F6-SLY, —Fmyzhky=CantE 1 R . L
WrBerANTE, HMOs & fi7E 5-23 g/L Z (0], R
PEAFUREE L) G ANFLIRR B R 13%, H
i, 3'-SL & 129 2%, 1 6'-SL & i 28 6%,

MULLIN ™ . - UH
OH &: 0 OH7\17AOH
OH \ 0/ r—t

1 MERERFLESN A 3-HERRRILE. B: o-MER IR I

Figure 1

&: 010-64807509

Structural formula of sialactoses. A: 3'-sialactose. B: 6'-sialactose.
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1 BEBES M SLs MEFRARSE

Table 1 Enzymatic synthesis techniques for the production of SLs

Enzymes Substrates Products Yield References
Sialidase Sia-Sia dimer, Lac 6'-SL 20%—-26% [33]
Sialyltransferase CMP-Sia (from mutant CMK), Lac 3'-SL 98% [42]
Sialyltransferase c¢GMP, Lac 3'-SL, 6'-SL 31%, 37% [45]
Sialyltransferase CMP-Sia, Lac 3'-SL, 6'-SL 72%, 75% [46]
Transsialidase GMP-Sia, Lac 3'-SL 28%—-32% [47]

c¢GMP: Casein glycomacropeptide; Lac: Lactose; CMP-Sia: CMP-sialic acid; GMP-Sia: GMP-sialic acid.

Recycle

Acetate  Acetyl Pi
A )

2 MEERERFEIHERIRER & A SLs RYIR1R

Figure 2 Pathway of synthesis of SLs by sialyltransferase strategy. CMP: Cytidine 5’-monophosphate; CDP:
Cytidine 5’-diphosphate; CTP: Cytidine 5'-triphosphate; ATP: Adenosine 5'-triphosphate; ADP: Adenosine
5’-diphosphate; ManNAc: N-acetylmannosamine; GIcNAc: N-acetylglucosamine; Neu5Ac: N-acetylneuraminic
acid; CMP-Neu5Ac: Cytidine 5'-monophosphate N-acetylneuraminic acid. ACK: Acetate kinase; CMK: CMP
kinase; NANE: N-acetylmannosamine-6-phosphate epimerase; NAN: N-acetylneuraminate lyase; NEU:
Encoding CMP-Neu5Ac synthetase; ST: Encoding sialyltransferase.
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CHrR s 1.1 /L, 4N 1.5 g/L), X42&H
A — R AN RO AR il 4 3'-SL M BIBA . 7EiX
AW G R, MEVR R L {K (CMP-Neu5Ac)
P AN JRPE MR R A i, FF B B NanT 5%
EE



BfGE % | FIRBXBTEAER 3'-M 6'-IERERIABNARAR 2853

Glycerol |— Glucosel
glpF pstG galP
Glycerol Glucosel
1g,’pD l "
oInK W
& Gle-6P —— 6-Pgl
DHAP pgi -
A i ImM \
ipid Man-6P +—— Fru-6P — = »  GleN-6P g
JoaB ;gfk/ll T fhplepx nagB |
Gf’l\P <« —>  Fru-1,6P i A GleN-1P
i Jhad ;
H nank’ l gimU
i ;
PE'P ManNAc-6P GlcNAc UDP-GleNAc
e
.vyMl TPP‘A nank I | T
Pyruyate MankiaG
— NeuC pathway PEP m,”3| S Pyr
- T
Acetyl-CoA NeuSAc nan =
Transmembrane l
; 2 neuAd
transport
CMP-Neu5Ac lacY
Lactose ———— | p— — Lactose ‘ Lactose
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3 SLs MEYIE ML

Figure 3 The biosynthetic pathway of SLs. DHAP: 3-deoxy-D-arabinoheptulosonate 7-phosphate; GAP:
Glyceraldehyde 3-phosphate; PEP: Phosphoenolpyruvic acid; TCA: Tricarboxylic acid cycle; Fru-6P: Fructose
6-phosphate; Fru-1,6P: Fructose 1,6-diphosphate; GIcN-6P: Glucosamine 6-phosphate; GlcN-1P: Glucosamine
1-phosphate; GIcNAc-1P: N-acetylglucosamine 1-phosphate; GlcNAc-6P: N-acetylglucosamine 6-phosphate;
UDP-GIcNAc: Uridine 5'-diphospho-N-acetylglucosamine; GlcNAc: N-acetylglucosamine; ManNAc-6P:
N-acetylmannosamine 6-phosphate; ManNAc: N-acetylmannosamine; Man-6P: Mannose-6-phosphate;
NeuS5Ac: N-acetylneuraminic acid; CMP-Neu5Ac: Cytidine 5’-monophosphate N-acetylneuraminic acid; SL:
Sialyllactose; pfkA: Encoding phosphofructokinase; fbp: Encoding fructose-1,6-bisphosphatase; glpx:
Encoding fructose-1,6-bisphosphatase II; fbaAB: Encoding fructose-bisphosphate aldolase; tpiA: Encoding
triosephosphate isomerase; pPykA: Encoding pyruvate kinase; ppSA: Encoding phosphoenolpyruvate
synthetase; lacY: Encoding lactose permease; nagA: Encoding N-acetylglucosamine-6-phosphate deacetylase;
nagB: Eencoding glucosamine-6-phosphate deaminase; glmS: Encoding glucosamine-6-phosphate synthase; glmM:
Encoding phosphoglucosamine mutase; gimU: Encoding N-acetylglucosamine-1-phosphate uridyltransferase/
glucosamine-1-phosphate acetyltransferase; GNAL: Encoding glucosamine-6-phosphate N-acetyltransferase;
nank: Encoding N-acetylmannosamine kinase; nanE: Encoding N-acetylmannosamine-6-phosphate epimerase;
ygaB: Encoding a phosphatase with high specificity for N-acetylglucosamine- 6-phosphate; age: Encoding
N-acetyl-D-glucosamine 2-epimerase; neuC: Encoding UDP-GlcNAc 2-epimerase; neuB: Encoding Neu5Ac
synthase; nanA: Encoding NeuS5Ac aldolase; neuA: Encoding CMP-NeuSAc synthetase; nanT: Encoding
NeuSAc transporter; a2,3-SaT: Encoding a2,3-sialyltransferase; a2,6-SaT: Encoding a2,6-sialyltransferase;
manA: Encoding mannose-6-phosphate isomerase; 2wf: Encoding glucose-6-phosphate 1-dehydrogenase;
galP: H' symporter; glpD: Encoding glycerol-3-phosphate dehydrogenases; glpF: Encoding glycerol
facilitator; glpK: Encoding glycerol kinase; ptsG: Encoding glucose-specific PTS enzyme IIBC component.
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Table 2 Biotechnological methods for the biosynthesis of SLs

Microbial hosts Expressed genes

Cultivation

SLs biosynthesis

E. coli IM109
genes, lacY and nanT

Deleted: lacZ M15 and nanA

Overexpressed: neuC, neuB and neuA from
C. jejuni and a2,3-SaT-encoding genes from
N. meningitidis

E. coli K12

Deleted: lacZ, nanA, nanK, nanE, nanT and lacA

E. coli K12 Overexpressed: neuC, neuB and neuA from
C. jejuni and a2,6-SaT-encoding gene from
Photobacterium sp. JT-ISH-224

Deleted: lacZ, nanA and nanK

E. coli
BL21(DE3)

JT-FAJ-16 were expressed via plasmids

Overexpressed: a2,3-SaT-encoding gene was

integrated into genome
Deleted: lacZ, nanA and nanK
E. coli Overexpressed: neuC, neuB and neuA from

BL21(DE3)

Overexpressed: N. meningitidis CSSand a2,3-SaT

Glycerol, lactose,

and NeuSAc;
fed-batch
Glycerol and
lactose;
fed-batch

Glycerol and
lactose;

3’-SL total titer, 2.6 g/L  [49]
(E: 1.1 g/L and I:

1.5¢g/L)

3’-SL total titer, 25.5 g/l [50]
(E: 15.5g/Land I:

10.0 g/L)

6'-SL total titer, 34 g/L  [51]
(E: 23 g/Land I: 11 g/L)

References

Expressed: neuC, neuB, and neuA from C. jejuni
and a2,3-SaT-encoding genes from Vibrio sp.

C. jgjuni and o2,6-SaT (truncation of N-terminal

fed-batch

Glycerol and 3'-SL total titer, 31.4 g/L [52]

lactose; (E: 23.1 g/L and

fed-batch I: 8.3 g/L)

Glycerol and 6'-SL total titer, [53]
lactose; 22.85 g/L

2-15 amino acids) from P. leiognathi JT-SHIZ-119 fed-batch

Deleted: lacZ, nacZ, nanA, pfkA and nagB

E: Extracellular; I: Intracellular.

Sprenger ZEPOVL BT KA AT A A B 1)
BRI 1448 DL UDP-GleNAc FF AR EF Tk S
Azt CMP-NeuSAc 7745 18 R nanAKET
L% . lacZ Fil lacA K PHIKT 3 ik s, Had 3k
ik neuC. neuB. neuA. «2,3-SaT, WINSEEL T
3'-SL WY KMEHE ™, Joia SMEPERNIN NeuSAc; 7E
HESLUS I AU A A BERE SR, 2 3-SL
FFERRE T 25.5 g/L LR 4ifish 15.5 g/L, 40
LN 10.0 g/L)o [a]— 1 BASR FHAR [R] 14 7 vk 8 I
iR A 6/-SL, KK H N, meningitidis [#)
02,3-SaT Bl a2,6-SaT, Jfi ik A & el
¥ B (Photobacterium sp.) JT-ISH-224 ) = H
[KDO-#, H¥# (2-keto-3-deoxyoctonic acid)]4E K 1k
JeREHA, L RER A N meningitidis [
neuC . neuB ,neuA J&[K L) f2 3k H Photobacterium
sp. JT-ISH-224 ) a2,6-SiaT, [FHf#Eik: lacZ.
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nanA Fll nanK 4§, 54 6'-SL AR~ 10 34 g/L
G aniush 23 /L, i 11 g/L)PYL Sk,
E. coli BL21(DE3) g #k R A= K it H 7 F R HI
AR, T2 T HMO A 914 U IS #57# - Zhang
SR FH R -4 B UG A SR, 1% CMP-NeuSAc
) A% o i s B 3L IR 02,3-SaT 5 AE. coli
BL21(DE3)wiBk lacz JiK &4, LA i A
W AN, B EERTES AT E nanA F
nankK L, kb TSR A E s, A SE B
3'-SL AYG W Eatfifk UDP-GIeNAc Fl
CMP-NeuSAc Al ie el g 2R 1k, ik
TARERRIER a2,3-SaT, HHRERN «2,3-SaT
GBI A, DR KRR B b 3 i R 0%
LIS fl 3'-SL ik E] T 31.4 g/L (i
Mashk 23.1 g/L, 4iMEN - 8.3 g/L).

fdlt, X 6'-SL SR LS T H Kk R .
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Li 253 E. coli BL21(DE3)/E M i fE 4 i 41
Tk, PASEHEL 6'-SL A9 de novo & % ; A5
BURER T lacZ. nacZ. nanA. pfkA Fl nagB %
L, [FBFSIA T neuB. neuC il neuA L
DI #E CMP-NeuSAc B4 G teah, ik 1
177 6'-SL 1 a-2,6-ME I R RS T, X R 5
UDP-GIcNAc #4774k &2, fEHmFIEL
PESEZ ARG 3 L R EERES, KRIFERTHT
6'-SL f77 4, I3 T 22.85 g/L, FLBIHALE N
0.494 mol 6’-SL/mol, X —HF5EX} 6'-SL 7E K%
FEE s s - A te 3 8 L

R4S 3'-SL Al 6'-SL AE RIGAF i h A= &
B BT — 2 B BUAK, 4R T A Tl Ak v kA
77 P ARSRAELEVE 2R . TR W R A I
B il 5 28 2 — AT B 2 L OC B AT IR MR R R
(NeuSAc)FEAL AL . NeuSAc &5 3'-SL
fl 6'-SL —2, W43~ 3 4%i&%: AGE. NeuC
F1 NanE &40 7F NeuSAc WI4E Y& Mt fah
A8 S B R (A 40 T AD GleNAc A1 ManNAc &) #% fii
HWRIAN, MM S 3 NeuSAc A9 4 7= ROCR [
ik, sk, HAhZS 5 QW0 ATk, o
VAT TR R A s TN B R, 24 R AN R
BF, 5 S8 NeuSAc 7640 i N 7= S AR Y,
R, AT ARRR NeuSAc & g, Il
AR R R R | R IR AR W s
1 25 R 25 DA T 42 135 3'-SL il 6/-SL i & LR
2.3 EFFRP

B HAT, X R AT I R 2t ok &
P G 8 M R PR L 1) J B & R/ AR S FR B
A2 T [ P ) R PR TR 1 i e R B A
A7 B3 AT 28 5 e Y R LW ™ o R 8 % )
Pt A N 25 £ A EG 3'-SL A 6'-SL i & B
B AR Ar ik N HEEZ AN DT E D,
15 NIFESFEZ Glycom 23 &) (#5717 W& 28 w] ) |
51 Jennewein 2 5] (BEBHN AR WIS ) 55 H1 44
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HMOs fER . 3/-SL il 6'-SL 1IHR4rEF 13 3
FI7R o

3 FlthAETHE

3.1 3'-SL # 6'-SL M iAE K 747

HMOs {345 3'-SL # 6'-SL £L4) 77 i 3 [
B B E PR (Food and Drug Administration,
FDA)YA A% 4= (generally recognized as safe, GRAS)
FIEK SR Novel Food TAR], A i 1T 2240 JLEL#
RO . SERCA L %A ATE HMOs 47
il 25 s S B 2 R, Anas B2 (Glycom)
eI . BHUFR (Jennewein) . 15 AR Bk 55 2 E 52
BT 3'-SL A 6'-SL A i A= = iyl Ak, i [
W TOFFE R AL A, H i R AT S B kAR
M/ H o Glycom (GRAS notice number, GRN
No.: 880, 881). Jennewein (GRN No.: 921, 922),
Chr. Hansen (GRN No.: 1015, 1016), KYOWA
(GRN No.: 1053)F/l Inbiose (GRN No.: 1075\ H]
il %51y 3'-SL il 6'-SL ¥ 3145 FDA ) GRAS %
INIE L2023 4F, FE AR FEZE 5t 23 (National
Health Commission of the PRC, NHC) & A { kT
MRS 15 A =R i i A s ) , Hdh s 25K
HMOs #) )& 2'-FL #1 LNnT., 2024 4 3 H NHC
RA KT 3'-SL I 6'-SL AT Ay B ity V45 1 700 B ot Ao
AIAESREE DL, X BRaS3E 3'-SL Fl 6'-SL AE A £ i
YN TIGR) Y 2 AT BT B T A

AR, FEA IR FURRBE T A
Wi R, HMOs 78RR 57 (g HEIU Y R FH A
RITZ, 2022 4, HETEERNL 214870
TEMA B B R . AT B oK 2
Jl ETHE SRR, HMOs gt K sh )1,
Wit 2028 4EERTT MBI K 2= 7.8 /20T
Hh ] 22 4l LI 5 500k T 5 IR 7 J 4 BR 2R —
2022 43K F 2 205 /LA, HMER R FLE IR
T E XA mv,
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Table 3 A part of SLs’ patents

Patent titles Patent numbers Patent applicant Detailed introduction Application References
time
A method for CN106190938A Nankai The method utilizes a well-established Psim  2016/12/7  [56]
constructing University plasmid as a vector to prepare recombinant
recombinant plasmids containing neuB, neuA, and neuC, a
Escherichia coli recombinant plasmid containing lacy, and a
and the recombinant plasmid containing Ist, to obtain
biosynthesis of plasmids for constructing metabolic pathways
3’'-sialactose and to knock out nanA, nanK, nankE, nanT,
nagA, nagB, lacZ
A method foran CN107904253A Institute of This method involves knocking out the 2018/4/13 [57]
engineered strain Microbiology, polysialic acid transferase gene (neuS), lacZ
producing Chinese and the gene cluster related to
lactobacillus Academy of N-acetylneuraminic acid degradation
sialactose Sciences; (nanKETA) in Escherichia coli, resulting in a
University of  AneuSAlacZAnanKETA mutant strain. Based
Chinese on this, different plasmid elements pCCls and
Academy of pXClk are transformed into the strain for
Sciences comparison, ultimately leading to the
selection of the optimal strain K1-KETA-pNst
A method of CN112458034A Nankai This method involves knocking out the lacZ, 2021/3/9 [58]
recombinant University lacA, nanATEK, and/or nagAB genes, as well
Escherichia coli as the genes for 6-phosphogluconate
and biosynthesis dehydrogenase (2wf), 6-phosphofructokinase
of 6'-sialactose (pfkAB), lactate dehydrogenase (Idh) and
pyruvate quinoprotein oxidoreductase (poxB).
Additionally, the lacY gene, which is
expressed under the control of a strong
promoter, is inserted in place of the acetate
metabolism gene locus ackA-pta. Using this
strain for shake flask fermentation for 24
hours, a yield of 4 g/L to 5 g/L of 6’-SL can be
obtained
A recombinant CNI113151133A Hefei Institute  This method knocks out lacZ, lacA, 2021/7/23  [59]
host bacterium of Physical nanATEK, and nagAB genes, using
with high yield of Sciences, pACYCDuet as a vector to overexpress the
sialactose and its Chinese pyrG gene and to tandemly overexpress one
construction Academy of or multiple copies of the cmk and ppk genes.
method and Sciences; By regenerating the cofactor CTP or
application Wuhan Zhongke overexpressing the CTP synthase gene, the
Optical Valley  supply of intracellular substrate cofactors is
Green increased. This eliminates the need for
Biotechnology exogenous addition of cofactors, thereby
Co., Ltd. reducing production costs and enhancing the
yield of sialactose
(F525)

http://journals.im.ac.cn/cjben
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Patent titles Patent numbers Patent applicant Detailed introduction Application References
time

Engineering CN114350584A Cabio This method involves knocking out the neuS  2022/4/15  [60]
bacteria for high Biotechnology neuE, and lacZ genes to reduce the
yield of sialactose (Wuhan) Co., interference of heteropolysaccharides. By
acid and its Ltd. improving the wild-type PSA strain without
construction the need to introduce foreign SA synthesis
methods and pathway genes, it causes minimal disturbance
application to the chassis; and by introducing the neuAB

genes, it increases the accumulation of

CMP-SA, thereby enhancing the production

of sialactose
Construction CN114874966A Jiangnan This patent involves knocking out lacZ, nanA, 2022/8/9 [61]
method and University nanT, and nanK genes, overexpressing gimM,
application of an glmU, and glmS*, introducing an exogenous
Escherichia coli neuBCA pathway, and screening for a novel
engineering strain 02,3-SiaT to modify it. Under the conditions
with high of a 5 L fermentation tank with fed-batch
3'-sialactose supplementation for 38.5 h, it is possible to

accumulate 31.4 g/L of 3’-SL
A genetically CN115232778A Nantong Richen The patent proposes a method for constructing 2022/10/25 [62]

engineered
bacteria Z3 For
enhancing the
production of
3'-sialactose and
its application

Spray-dried AU2018380959
sialactose

Simple method ~ US20210212335
for the

purification

of a sialactose

Bio-Engineering
Co., Ltd.

Jennewein
Biotechnologie
GmbH

Jennewein
Biotechnologie
GmbH

a recombinant Escherichia coli and the
biosynthesis of 3'-SL. This method starts with
a high Neu5Ac-producing strain 3D6.2,
integrates the foreign genes NeuA and Nst into
the Bacillus subtilis genome, knocks out yesZ,
optimizes the promoters for the key enzymes
NeuA and o-2,3-sialyltransferase Nst to
achieve optimal expression levels, and also
optimizes the carbon source in the
fermentation medium to find the best carbon
source for 3'-SL synthesis. This results in a
shake flask fermentation yield of 3'-SL
reaching 185.2 mg/L

The patent provides a method for preparing ~ 2023/03/17  [63]
sialactose powder using spray drying
technology. This powder has improved
solubility and stability, offering new
possibilities for the application of sialactose in
food and pharmaceutical products

The patent first utilizes genetic engineering ~ 2021/07/15  [64]
techniques to modify the Escherichia coli
BL21(DE?3) strain, integrating multiple genes
to enhance the biosynthesis pathway of
CMP-sialic acid, and removing genes that

could potentially degrade

&: 010-64807509
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Patent titles Patent numbers Patent applicant Detailed introduction Application References
time
N-acetylglucosamine 6-phosphate, thereby
optimizing the production of sialactose.
During the fermentation process, a specific
mineral medium and sucrose as a carbon
source are used, and by controlling the pH and
aeration conditions, the production of
sialactose is promoted
New major WO02022/157280  Glycom A/S The patent provides a method for enhancing  2022/07/28  [65]
facilitator the production efficiency of sialactose using a
superfamily novel major facilitator superfamily (MFS)
(MFS) protein protein (FRED). This invention contributes to
(FRED) in the advancement of infant nutrition products,
production of particularly in terms of mimicking the
sialylated HMOs composition of breast milk and offering health

Composition for
preventing or
treating
osteoarthritis
containing
sialactose or salt
thereof as active
ingredient

A nutritional US17416578
composition

comprising 6'-SL

and LNT in

combination to

improve the

gastrointestinal

barrier function

Composition for US11291676
inhibiting immune

cell proliferation

comprising

sialactose or

derivative thereof

and method thereof

HK42022045985.3 Cupione Co.,

Ltd.

Societe Des
Produits Nestle
S.A.

Cupione Co.,
Ltd.

benefits

The patent proposes a composition containing 2022/03/25 [66]
sialactose as an active ingredient for the

prevention or treatment of osteoarthritis. This

invention leverages the bioactivity of

sialactose, offering a novel therapeutic option

for patients suffering from osteoarthritis,

which holds potential clinical and commercial

value

The patent proposes a nutritional composition 2022/09/15 [67]
containing 6’-SL and LNT to improve

gastrointestinal barrier function. The patent

includes a series of experimental methods and

results, which aim to demonstrate the

synergistic effect of the combination of 6'-SL

and LNT on the activation of the GPR35

receptor and how this activation is associated

with the improvement of gastrointestinal

barrier function. The experimental results

indicate that the combination of 6'-SL and

LNT can activate the GPR35 receptor at lower

effective concentrations than either of the

HMOs alone, showing a synergistic effect

The patent describes a composition containing 2022/04/05 [68]
sialactose or its derivatives and a method for

using this composition to inhibit the

proliferation of immune cells. By

administering an effective amount of

sialactose to patients, the overproliferation of

immune cells can be suppressed. Specifically,

http://journals.im.ac.cn/cjben
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Patent titles Patent numbers

Patent applicant Detailed introduction

Application References

time

Prebiotic effect of US201314391739
sialactose

A concentrate US201213713942
derived from a

milk product

enriched in

naturally

occurring

sialactose and a

process for

preparation

thereof

Trustees of
Boston College

Arla Foods
Amba

the components 3'-SL and 6’-SL can promote
the differentiation and apoptosis of
macrophages by binding to the cell surface
protein SIGLEC-3 (CD33). This process
involves lipid raft-dependent endocytosis and
subsequent molecular cascade reactions,
including the recruitment of SOCS3 and
SHP1, as well as the activation of ERK,
ultimately leading to cell differentiation and
apoptosis

The patent pertains to a special class of 2015/09/24  [69]
prebiotic compositions, the main components

of which include sialylated oligosaccharides

and adhesin-derived oligosaccharides among

other oligosaccharide substances. The primary

function of this composition is to stimulate the

growth of beneficial microbes in the gut, such

as Bifidobacteria, while also helping to reduce

the quantity of pathogenic bacteria within the

intestines

The patent describes a method for extracting  2014/06/19
sialactose with a higher concentration from

[70]

milk or dairy products using ultrafiltration and
dialysis techniques based on thin-film
polyamide membranes. Through this method,
foods and nutritional supplements rich in
sialactose can be developed, thereby offering

consumers more healthful choices.

3'-SL Ml 6'-SL VE M FLBEIAT Y, BHA %
PEP . PLAAPUOR RS2 HAMIIGE. 2

5Kk, Bk, aeta it
X} 3'-SL il 6'-SL K HLH H #5194 19 24 8%, 3X

LEC WK . DRETE £ & 5 O A & DL R ZL ]
Al A5 F AT R B T B R i 1. ok,
Bl 55 DO A SR S SR G ERI L EEZL, 2240
JLEC T W8 %k 3'-SL 1 6'-SL 1y K Fa b b T),
VERBEZL R EZ A4, HMOs AWK 54 Bl
T LR RGN AT, 24,
JLTER 5 W5 Ry i) s s R AR A7 7= i R 03X 79 o e
WL FLNE, DBSHIEEZLEL Sy, W B4 LA 3

&: 010-64807509

2 PR Sy 3k VR e R TR LR 2 % = 1 £ 2B T,
P EA AR EIER, TVE D RetE s o i
NIRAERRE . BEE AR E IR, DiRerk e
st R PR T S50 3 R 4 1) e 2K 326 3 388 o
e, FLEAT AR AR RN, RS
S SRS N 3'-SL A 6'-SL A BIRTHE TR
B, R iigsad I,

SV E R ThReME R4y, 3'-SL il 6/-SL
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AU REIEE 2 B L S B SRR, R TE
i 5 A S AU R B T R R T T . X
AR RV R L O RS &, KA R T A T
e K TR, Bk, #F98 SL A& K
il 7 A B A 4 A AT
32 RRMWEIWCEFEKRPIARER
T W A I 2 A 7 37-SL A 6'-SL 1) 3 A
Rigfe, R¥EmIL B, T 3 AJr it
FIWFSE : (1) 2 Rl i 3 Al sk Sl
S HBT I IR Sk A RO S — 2 $E T G
SHETRE R RE 5 X LA 3R R U R e
A, LS HRIE SR R, [
Ik X e S0 R PR T 2 T 4 A i A AR S s
FEHRAE LU A AL I PR S v DU F R &
BP9 . (2) IRRBE S W KB
SLs il 2E W & W i = B R BUTURL B (14 B MR 2R 1 7
KB, RS, KRB 80™
SEAAIR, N DK il I PR A BG4 1 I
H PR TS RN EE I ., (HH%ET
it i) CRISPR-Cas R4 25 D EL N #E5 R
SRR TR R S o e ], PR TR R
RHFREME, A BT IRANEURL R B & O TR 1Y)
Bl i — B4R 8 3'-SL Al 6/-SL A 7k )
(3) JFE B ZEFFIEE K. A GRAS
INIEECEFR GB2760 tAE R IS & B AR 7E Tl Ak
Arrh oy, JCHIE I R B A AT N
LR . AR BRVEAT I . A B ZF AT B 55 IS
FEY . BRIRCHCHLE 3'-SL fENBE i
BRIRBE AT, BRI HEERY 3'-SL & i KA T
W (ATCC 9637)MIAiTA R CRIAFT I NEO3)IT A=
7, RATEYILEC U . B4 LRk R
i B ANTESRISE . A, BEE AR A ST
JE 10 5838 RS Al = AR G — 1l 25 ok
R MR MR RAE e £, i —2PHESh SL
BRGNS K WAL DH g i 4
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A, REERRTEE ERIRBRCER, 0 IR
DR i B9 22 A PRl P2t [ B o o 2 )
AR AR, BRI AR A PR AN 2
R TR 52 MR 75 20 AR A S5 2

4 ReE5R2

3'-SL Fl 6'-SL ¥ m i R 471 25 4 Je ik
FH U LR TR A 2 U, B 184 58 R 9 365 i 1 T
A, BRI EREYONE . PO . PUs
B, W NEC. HEPi WA EA . ok, 4
T b R AR N L AR R & B A
Jrif, 3'-SL A 6'-SL LRI H B FRCR . A
R v B2 T7 AR AL B F2 U e & g, 3'-SL
M 6'-SL R AR5 H 3552 31561 . &3t AT
NBER R Al TR oK, T LUE & 1548 HMOs (1)
ORI Ga, SEBLE IR e dl . il
w, LB RO, TR B4 L ik
R S A s, BT kY, LA
B EEFL A B R AR A, itk 2R 4 L i ik B
KMBIERGEKRE « WA WA B a2
4 JLAE FR AWk, TR Bl S 3
2 RS M o W BB 1B PR I RN
Al DL3E 1 F & % A R H Y 3'-SL il 6-SL )
e, ARER AR PR A T A PO AP il b
FEBCE A L BT LA R R e T
I 7 B A P £, AT B ATT 7 H R A
i P A R AR e A Y

LiBUA SLs AL ZBACKE, SLs 1Y
B BUR W B W A B N A ) ke R
Tt 5 B AR A 3RS e A Tt s e YK T O A Tl A4
A R Y 7R % R ) A i T B KA, DASEEHL SLs
MIA T o R E B R SERG Y L . s AT
HRAA, HZBRFARGIRYRE ., &0
JUE A0 LA A AR S il 0 Ao S e, Y DL KRS
Mo MEZT, MAY KB4 N
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Wty ANAXCAT LA a7 B B A IR 0 6 1 O
b2, 80T DA 3 3 PR TR A e s A
WHE R, T AR IR AR RO
FHEEREALH . AT, AR R L 2
TSN, ARk, A4 GHE S T
By Kkl BAnda R, R ZFEORSEH H bR
PRRPUGE B, IR A E R, R4
I R0 3 T O R A2 OC B I, Ry R AR T PR A B
WHE S . R 3'-SL Ml 6'-SL 76 KA AT B b il st
AW RS I U — B, H Tl A
AT T B o T T %o DR R i R ok R 42 1 )
i, AT LR R S TR S T Ok sl A AR
AT, LB R R TR TR PR ) BB R i AR
EME, SCRBAR S TR F B %% Bk
il & . LA R A BE AR A fE S AR, LASE
IR 1 5 e W RN 40 o i W SR M o A o i 4 3
& Bl 3'-SL I 6'-SL B A= 7741 S 5 A ML
B, BBV EN A, IR RS R 2
B N LM T AITaE, ATReSs il 3'-SL il
6'-SL AL F= B fin s s M R TG o seAh, Wi
SR Can Tl R G5CAE 0 ) P A ] 3 A AR s o — 2P
P2 = A USCR A YR S

7 2 25N W] AR PR 3'-SL AN 6'-SL BV &)
1233 56 FDA GRAS FIRK% Novel Food A
Al AN T RLES S R, fEA
FLOCHE 4y 2 —, A BB KAE ol
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