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What is GM3?

Synthetic Strategy
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GM3 Synthase
Deficiency

Founder effect in Amish leads to...

—Blindness —

—Epilepsy
-Deafness

— Developmental Stagnation —

e Can’t walk, talk, reach, or sit
* Nonpurposeful movements

N | Poor Feedlng e Muscular weakness
L Vom|t|ng e Brain atrophy

Birth | yr. 3 yrs. Teens
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Genetics & Disease Mechanism
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Genetics & Disease Mechanism

GM3
Synthaée/ o

Nonsense mutation in GM3
Synthase (SIAT9) gene
(694C— T, translating to R232X)

\_ * Y,
Adapted from Rao FV et. al.. Nature Structura/&Mo/ecu/arB/o/ogy 2009; 16: 1186-1188.
[ Cannot produce GM3 € A
Problems in cellular adhesion!,
* cell signaling', and axon-glial
. . . 2
Cannot produce higher Interactions
gangliosides - J

1-Simpson, Michael A., et. al.. Nature Genetics. 2004; 36(11): 1225—-1229.
2-Yamashita, Tadashi, et. al.. PNAS. 2005; 102(8): 2725-2730.
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Genetics & Disease Mechanism

Cer
f
[¢ee
GlcCer Simpson, Michael A., et. al.. Nature Genetics. 2004;
lf 108 36(11): 1225-1229.
k%
LacCer
-~
A GM3S
GM3 wemedp GD3
o LY '
GalNACTS J §  Gpas ‘ |
GM2 GD2 Gbh.
GM1a GD1b Paragloboside
GD1a GT1b
NeuAc (-2,3) paragloboside
NeuAc (-2,6) paragloboside
GT1a GQ1b
a-series b-series Globo-series Neolacto-series
SN— _—

_—
Gangliosides

Tuesday, July 23, 13



Genetics & Disease Mechanism
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K, 2.2-3.0
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Neurodevelopmental milestones and concurrent changes in GSL expression.

Stage | Stage 1l Stage 1l Stage IN Stage V Adult
Neural tube NSC Neurogenesis Ax;m:?imm Myelinali
formation proliferation Astrocylogenesis A yclination
Synaptogeresis

A2B5 GalCer (01)
: sufatide (04) _ anneue SRR
(c-sorins) &Ml
GT1b
GD1a

>

Development

Yu R K et al. J. Lipid Res. 2009;50:5440-S445

©2009 by American Society for Biochemistry and Molecular Biology JL
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Two Goals
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Tool to
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anglioside 500 Buttermi

e 0.567% GM3
e 0.6% GD3
e 34.0% other lipid:

e 3.2% moisture

—

' Mois ® L actose
& ~
. .
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Human vs. Cow GM3
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What happens after
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Small GM3 leve
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Plasma Glycosphlngollpld Levels
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'/ The Plan: Synthetic Strategy
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Convergence
Build this up...

Build this up...

-
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ynthetic Strategies

hemica Chemoenzymati

demisynthesis " Semisynthesis"

Cou“pling

600-02461516 [RF] © www visualphotos.com
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Chemical . .
Semisynthesis D-erythro-Sphingosine

Preparing the pole

NH, OH

Phytosphingosine (S. cerevisae)

HO\/Y\/\/\/\/\/\/\/
o D-erythro-sphingosine

van den Berg, R.]J.B.H. N. et al. J. Org. Chem., 2004, 69, 5699-5704.
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Chemical
q Semisynthesis

M

O_ _NH Ph
NH2

illfe)
T

(CH3)12CH3 W

Wy

\\\Z

D-erythro-Sphingosine

95%

(Side-product doubly tosylated)
Ph 76%

||IIO

N OTs
R =
CH CH K
(CHa)rz 3 3:2 pyr (;H2(;|2 (CHp)12CH3
reflux (40 °C) N
48 h. C{ - DBN Tosylate
Phytosphlngosme Oxazoline 0°C o
1h. NaH
Ph Ph
NH, >\N
= D-erythro-sphingosine o M HCL THE 1t 8 =N < TMSI =
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OH
Sphingosine OTMS Silyl Ether
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S

&JJ Chemical o ¢ b

Activating Sugar G# =
=0 Semlsynthe5|s “z‘/:i

OAc HN:::<<
0 76%
~90%
76% OAc on
o O
1. CH3I DMSO OAc OAc
OAc
AcO ?
O

H,NNH, * H,0 // N AcO
—_—

CH;CN o) ClsC
DBU, CH,Cl,, 1.5 h. OAc

w, (CD)
A

H

Pyrldme
12 h.

o)

OAc MeO

AcO
Duclos R. 1, Jr. Carbohydr. Res. 2000, 328, 489-507. M
B e b a1 4155 Deprotected Activated

Khan, R. et al. Aust. J. Chem. 1996, 49,293-298.

NH
7// “UHIOAC MeO )J\
T AcO
3'-Sialyllactose AcO "OAe o ° H
Per-O-Acetyl 3'-Sialyllactose Methyl Ester MO AC
3’-SL
- AcO . 1-Alcohol .
P rOte cte d Regl o S e | e Ctl ve Iy Trichloroacetimidate
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&JJ Chemical

Ceramide Preparation
* =< Semisynthesis

D-erythro-sphingosine
OW
Acylation

(0]
HN) k(CHz)MCHs )k(oH )14CHg

96% - )k
0
85%
HO : Trc1 \/ (j)k (CHp)14CHg Et,0 - BF; (CHy)14CHg
—
NCHac | oo CH,CI G )\ I 6:4 Toluene:MeOH
A AgH:Ct, © :
OH / 18 h. o ~

4 h.
N (CH2)130H3
4- pyrrolldmopyrldme (CH2)13CH;
5 min.
Ph T

~

Duclos R. 1., Jr. Carbohydr. Res. 2000, 328, 489507

Rai,A. N.; Basu,A. Org. Lett. 2004, 6, 286 | —2863.
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> )k
| ' (CH3)14CH3
2

o

Sz

2. NaOCH;3;
3.Amberlite IRC-50

GM3"~ )

Duclos R. 1., Jr. Carbohydr. Res. 2000, 328, 489-507.
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What is GM3!?

Synthetic Strategy

Results so far

Future Directions
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Model Coupling




~90%

OH
ﬁ )k )K OAc
12h AcO” AcO TCH,oN ﬁ)

OAc AcO AcO
AcO

Lactose
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8-O-acetyl lactose

OH
ﬁﬁ )k )K ﬁ OAc
HO O
HO 12h AcO” AcO ﬁ
AcO OA

Lactose OAc C

563¢ 10.67 g
95.52% Yield
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7-O-acetyl lactose

AcO OAc

~75% Yield

Duclos R. I, Jr. Carbohydr. Res. 2000, 328, 489-507.
Kaya, E.; Sonmez, F; Kucukislamoglu, M.; Nebioglu, M. Chem. Pap. 2012, 66, 312-315.
Khan, R. et al. Aust. J. Chem. 1996, 49,293-298.
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/OAc Lac |-Trichloroacetimidate

AcO OAc AcO OAc
0O OAc
_—N OAc
0 CClZ O
O O NH
A DBU, CH,Cl,. Msh.
cO AcO ACO Q/j AcO AcO J
OH AcO ~ccl,

Performed on 400 mg scale

Tried NaH instead of DBU (100 mg scale)

Duclos R. ., Jr. Carbohydr. Res. 2000, 328, 489-507.
Schmidt, R. R;; Michel, J. Angew. Chem. Int. Ed. Engl. 1980, [9,731-732.
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Model Coupling

AcO OAc
O oAc  HO(CH2)sHC=CH, AcQ OAc
O o NH > 0 OAc
AcO” AcO BF3 - Et,O, CH,Cl; 0 o
AcO OAC @) CCl, AcO AcO ACO O/\/\/\/\/\/

OAc

Performed on 300 mg scale
One-pot event after trichloroacetimidate formation

MS provides evidence of successful coupling
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What is GM3?

Synthetic Strategy
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Engineering a cell line to produce 3’-sialyllactose

Journal of Biotechnology 134 (2008) 261-265

Contents lists available at ScienceDirect

BIOTECHNOLOGY
Journal of Biotechnology L

journal homepage: www.elsevier.com/locate/jbiotec

Genetic engineering of Escherichia coli for the economical
production of sialylated oligosaccharides

Nicolas Fierfort, Eric Samain *

Centre de Recherches sur les Macromolécules Végétales (CERMAV — CNRS), affiliated with Joseph Fourier University and
member of the ICMG (Institut de Chimie Moléculaire de Grenoble), BP 53, 38041 Grenoble Cedex 9, France
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|. Establish Safety

2. Proof of Principal
Make ~1-2 g

p— i e S
' =
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Chemoenzymatic Sugar

Semisynthesis
~90%
HO OH o o
AcO OAc
o OH )k )k
O OAc
O o) > o
@)
HO HO I O
HO | on 12D A0’ aco
AcO
Lactose OAc
OAc

Ng, E. S. P. Master’s Thesis. U. British Columbia 2005.
Rich, ). R.;Withers, S. G. Angew. Chem. Int. Ed. 2012, 5/, 8640-8643.
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N AcO OAc
v
N O
> 0O
1 h.,0°C
AcO AcO
AcO

OAc

Ng, E. S. P. Master’s Thesis. U. British Columbia 2005.
Rich, ). R.;Withers, S. G. Angew. Chem. Int. Ed. 2012, 5/, 8640-8643.

OAc

NaOCH;

>
CH;OH, 30 min

HO

HO

HO

OH

HO

OH

OH
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- | N AcO OAc
) OH
\ o OAC HO
» 0 NaOCH, 0 OH
1h.,0°C O - o
AcO AcO CH;OH, 30 min O
AcO HO HO
OA
© E HO
OH
F
NH,
NH»

»

O O NJ§O

wod-of-0-b-01 o
O O O

Hon of

>

CMP-Sialic Acid Synthetase HO
Bovine Alkaline Phosphatase

HO

“Ion

CMP-NANA

HO

Ng, E. S. P. Master’s Thesis. U. British Columbia 2005.
Rich, ). R.;Withers, S. G. Angew. Chem. Int. Ed. 2012, 5/, 8640-8643.
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| N AcO OAc
HF -
OH
7 o OAC HO
» 0 NaOCH, 0 OH
1 h.,0°C O » o
AcO AcO CH;0H, 30 min O
AcO HO HO
OAc
E HO
OH
F
NH,
)
O /K
N0 (2,3)-sialyl
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HO OH _OH o
0
HO 5 o) 0
I///
OH
HO
HO OH E
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CMP-NANA - |
Ng, E. S. P Master’s Thesis. U. British Columbia 2005. -
Rich, J. R.;§Nithers, S. (E.Angew. Chem. Init:. Ed. 2012, 5/,8640-8643. \ L F I u O rl d e )
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Chemoenzymatic

HO

ﬁi% .. D-erythro-sphingosine

O HO

YNH OH HO E

OH
O
NH,
O O
@) N
HO
OH

N *  lyso-GM3

\/
Vaughan, M. D;; Johnson, K; Defrees, S.; Tang, X.;Warren, R.A. | ; GM 3
Withers, S. G. J.Am. Chem. Soc. 2006, |28, 6300-6301.
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