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Complex Carbohydrate Research Center
University of Georgia, Athens, GA

• 140,000 sq ft. facility; state-of-the-art MS, computing and NMR 
instrumentation

• 18 Principal Investigators, over 300 total members (staff, students, 
post-docs, etc.)

• Approximately 20 million US dollars in direct cost each year
• Functions of glycans in biomedical applications, animal and plant 

physiology, microbial pathogenesis, etc.
• Strong emphasis on studying STRUCTURE and FUNCTION

www.ccrc.uga.edu
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All living organisms produce complex carbohydrates 
of one type or another

•Also referred to as glycans or glycoconjugates, they are essential for many 
biological functions that occur at the surface of cells, especially protection, 
signaling, and recognition.

•Gangliosides, like GM3, are one type of glycoconjugate produced by animal 
cells.  

•Glycoconjugates are very diverse in their structure.    

Fungus Human Blood Cell



Glycodiversity in Animal
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Glycodiversity in Animal



Strategies for deciphering complex glycoforms (non-GAG)

Proteomics
Glycoproteomics
Site-mapping

Mass spec.

Starting Material
(tissues, cell pellets, biofluids)

Glycopeptides + Peptides

N-linked Glycans + Glycopeptides

O-linked Glycans + Peptides

Glycosphingolipids

Homogenization and organic extraction

Precipitate proteins by centrifugation

Reduction/alkylation 
Trypsin digestion

PNGaseF  
digestion

Reductive 
β-elimination

Permethylation for NSI-MSn analysis of glycan structures

Sep-pak tC18 clean-up

NSI-MSn for glycan 
site utilization

PNGaseF + 18O-H2O
for N-linked site mapping

Saponification

Supernatant
C/M/W(4/8/3)

FOS, LLO

Sep-pak Ion-exchange

FOS LLO

Samples
Mouse, Zebrafish, Fly, cell, tissue
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Sphingolipid metabolism diseases

α-Galase

α4β3 β4 β

α3 α4β3 β4 β

β-HexNAcase B

α4 β4 β

β4 β

β

β4 β
α2-3

β4 ββ4
α2-3

β3 β4 ββ4
α2-3

HO

β

α4 β4 β
NH2

Gb4

Gb3

LacCer

GlcCer

Ceramide

GalCer

β
S

Galactosylsulfatide

Arylsufatase A

Schindler disease

Forssman antigen
α-GalNAcase

β-Galase

β-HexNAcase A

GM1 gangliosidosis

GM2 gangliosidosis
Tay-Sachs-related disease

Tay-Sachs disease,
Sandhoff disease

Anderson
 Fabry disease

β-Galase

Metachromatic
Leukodystrophy

β
NH2

β4 β
NH2

Glucopsychosine

Gaucher disease

β-Glcase

NH2

Farber disease
Acid ceramidase

C=O
OH

PC

Niemann-Pick disease
Acid sphingomyelinase

S

Lyso-LacCer

Lyso-Gb3

Krabbe disease

β-Galase

GM1

GM2

GM3

ST3GAL5

PC

Sphingosine Sphingomyelin

CMP

CMP

B4GALNT1 UDP

UDP

Glucose

Galactose

NeuAc

N-acetylglucosamine

S Sulfate group

Ceramide

N-acetylgalactosamine

GM3 
deficiency

α-Gal A

Lysosomal diseases (LSD)
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Salt and Pepper Syndrome:  applying glycomic technology to 
investigating human disease mechanism

• In 1983, identified in 1 african-american
family in the southeastern US at the 
Greenwood Genetic Center, Greenwood, 
SC

• Profound intellectual disability

• Failure to thrive

• Seizure disorder

• Midface hypoplasia

• Scattered dermal hyper- and 
hypopigmentation

• A missense mutation (p.E332K) was 
identified in the ST3GAL5 (GM3 synthase) 
gene of two siblings.

• This newly identified syndrome is allelic to 
Old Amish infantile epilepsy syndrome.



!"#

$!%

"&'%

!"#

!"$

!"%&

!'%&

!(%&

!'#

!'$

!'%)

!(%)

!*%)

!)#

!)+

,-#

,-+

!.-/01

,&-/01

!2$

!2%

!"%)

!&./01

!"

/01 34.5&6780

"()*+,-.,/0.

"+-1-2.03,0. 40-+(56-2.03,0.

#$%&'()

#*$*&+'()

,)%-&

!.*&)+/$0$%&'(*123)

!" !.".(%$4*+)506'%7

8)6*129)

!.*&)+/$0*$*&+'(*123)

!'%-

!"#$%&'

!"#$%&'

!"(!)%*

"&'%

!"%&!"%&!"%&!"%&

+&%,-%./%0123 )4.5-),6.,74839-2

%()*+*,-$!&-./0123)4*1/1-/3-$5#-,*6/7/*372



!"#$%"&'%()**)+%
!,&'+-.)

/#'%0.123%1&4"&$1#)%
)*1#)*2,%2,&'+-.)

0##)#15%$-%"%'12-+')+%')25+16)'%1&%/31-%"&'%()&&2,#7"&1"%
0.123%5-..8&1$1)2%95"85"21"&:

!"#$%"&'%()**)+%!,&'+-.);%.122)&2) .8$"$1-&%9<==>?:%1&%!@=A"#B%9AC=%
!,&$3"2):D%%0.123%2,&'+-.);%$+8&5"$1-&%9E>=>F:%1&%!@=A"#B

!"8#%)$%"#G%(+-5G%A+))&H--'%A)&)$15%I)&$)+J%>;KLMJ%NMO=D%%!1.*2-&J%CGJ%)$%"#GJ%9>PPQ:%R"$8+)%A)&)$152%=KJ%N>>S



The ST3GAL5 mutation in S&P syndrome generates a p.E322K missense mutation 
within a highly conserved sialyltransferase domain. 

Hum. Mol. Genet. 2013;hmg.ddt434

© The Author 2013. Published by Oxford University Press. All rights reserved. For Permissions, 
please email: journals.permissions@oup.com



Does a single mutation of st3gal5 gene 
impact on other glycosylation machinery? 



Applying MS-based comprehensive glycomics
to investigate the disease mechanism

Proteomics
Glycoproteomics
Site-mapping

Mass spec.

Starting Material
(tissues, cell pellets, biofluids)

Glycopeptides + Peptides

N-linked Glycans + Glycopeptides

O-linked Glycans + Peptides

Glycosphingolipids

Homogenization and organic extraction

Precipitate proteins by centrifugation

Reduction/alkylation 
Trypsin digestion

PNGaseF  
digestion

Reductive 
β-elimination

Permethylation for NSI-MSn analysis of glycan structures

Sep-pak tC18 clean-up

NSI-MSn for glycan 
site utilization

PNGaseF + 18O-H2O
for N-linked site mapping

Saponification

Supernatant
C/M/W(4/8/3)

FOS, LLO

Sep-pak Ion-exchange

FOS LLO

GM3 deficiency
Fibroblast, Neural Crest Cells
derived from Control and S&P 
iPS cells and zebrafish model
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Generation of induced pluripotent cells from S&P fibroblasts

Laura Menendeza, Steve Dalton. Proc Natl Acad Sci.  (2011) 108:19240
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Method development

Glycome profiling

Data analysis

Linking to human health and disease

Clinicians
Physician

Pharmacist
Surgion

Glycobiologists

Biochemistry
Molecular Biology

Developmental Biology
Glycochemists
Organic Chemistry

Analytical Chemistry
Chemical Synthesis

Pharmaceutical Companies

With strong support of 
bioinformatics group
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Increasing identification of human disorders 
that affect glycosylation

We are applying our glycomic technologies for deciphering 
disease mechanisms in undiagnosed disorders.



Establishment of Clinical Glycomic Resource 
for Characterizing Undiagnosed Diseases

Hum Mol Genet. 2009 Sep 1;18(17):3244-56. 
Golgi function and dysfunction in the first COG4-deficient CDG type II patient.
Reynders E, et al.
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Analysis of COG4-deficient zebrafish (CDG type II)



Type of 
analysis

Expertise 
required

Throughput Pros Cons Useful for

MS ✓ High Fastest Least
structural 
information

First pass 
analysis of 
spectral 
complexity

MS/MS with 
manual
interpretation

✓✓✓✓ Low Yields
structural 
topology

Slow, 
requires 
significant 
expertise

Comparison 
of small 
sample 
number

MS/MS with 
automated 
interpretation

✓✓ High Yields 
structural 
topology and 
high 
throughput

Requires
highly 
curated, non-
redundant 
database

Comparison 
of many
samples

MSn ✓✓✓✓✓✓ Extremely
Low

Yields 
greatest
amount of 
structural 
information

Slow, 
requires high 
level of 
expertise

Discovering
novel 
glycans, 
focused 
analysis on 
small sample 
size

The spectrum of mass spectrometry for glycomics



!"#$%&'$()*#+,-,+#.#)%*(%/(01 .*2(01301 2.#.(4&)"25 ',+.#(
6.7.,.2+,)+(.7%*'(',.2&.#+(5#&2+*#58(-%5#92%658(.*2(/.6&"#:;<(

=$)5()5(7+<(>?(:+.,5(.'%<
@(.7(5#)""(2%)*'(#$)5<



!"#$%&'()*+$,-.$
%.-/"++)*($0*1$0*0&2+)+
-,$!"#$%"&'&()*+)(,-,
0+$/-33-*$,'*1+
4.-5"/6+$789:;$4<+=$>?@88A

./01).,02&0!/3

40)/5-/0(&6"/)7%8-9,3/)'",-8%3:)8%3)-;/)
'3%$/77&0!),0(),3$;&<&0!)%8)!"#$%:&$7)(,-,



!"#$%!"#$"%&"!'('""&$)('(*)$"
&+,(-.,"/)0"$1+2)1*3*45'.*2,

! &-.*5'6().'(-4"'$$)('(*)$",)/(7'0-"/)0"
81+2)1*3*4,
" &633)0("9*89"(90)68936("%&"4'('"'$'1+,*,
" :-462-"(9-"(*.-"0-;6*0-4"/)0"'$$)('(*)$

! <-=-1)3.-$("',"'"3'0(")/">:?@&5@))1A)B
" :-6,-">CD#@E",+,(-.,"/)0"81+2'$"'$$)('(*)$
" ?.31-.-$("2'1261'(*)$",+,(-.,"/)0"1*3*4"/0)."
,20'(29

" #$$)('(-"81+2)1*3*4,"',"2).A*$'(*)$")/"81+2'$"
'$4"1*3*4



!"#"$
%&'&(&)*

+,-.&/
%&'&(&)*

012$&'&

01/

34,,201 %56+7
5//8'&'"8/

9$:;<:=:><?@

9$:;<:=:;<?@

9$:;<:=A?<?@

9$:;<:=AA<?@

9$:;<:=AB<?@

;?? C?? :??? ::?? :A?? :D?? :B?? :E?? :>?? :F?? :;?? :C?? A???
G=H

I")4&,"H&'"8/

!"#$"%&%'&()%*+
,-./01%$2$)"3%

JK.*,2*K#8L'
! 1'L4.'4L*
! M8/)
! G=H
! 1.8L*

+NMO12O88,(8K

"#$##%& "#'$()#*#
+,-'.#*/ 0/1/2,3/* ,-
4567+ 8 9:;<=

!"#$%&'(()*'*+)(&,)-./0),

"#>(?& @$A&A#*#
<+B #C#2>$'



N-glycan

O-glycan

GSL

FOS

LLO

GPI

Species/cell type specific glycans

Human derived samples
Biofluids (serum, RBC), cultured cells, tissues, etc

Model organisms
Drosophila, zebrafish, worm, yeast, slim mold, etc

Other living organisms
Sturgeon, dolphin, cat fish, salmon, sea turtle, 
soft-shell turtle, coyote, raccoon, bobcat, ring-
neck duck, wild pig, opossum, frog, alligator, etc

In collaboration with 
Georgia Aquarium
Savannah River Ecology Laboratory
Dr. Tadashi Suzuki, RIKEN

How to generate glycan database, tools and the web resources

Glycan class

GAG

Other complex glycans
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