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Table 1
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(A) Inhibitory activity [K; (uM)] of some N-alkyl-4-epi-f-valienamines against three

glycosidases
Compound n B-Galactosidase® | a-Galactosidase” |  B-Glucosidase®
f-Galacto type 1 7 0.87 3.1 3.l
13a 5 2.3 2.7 1.2
S 13b| 9 0.13 1.9 25
13¢ 11 0.01 4.4 0.87

a: Bovine liver, b: Green coffee beans, c: Almonds

(B) Inhibitory activity [K, (uM)] of some N-alkyl-f-valienamines against glucocerebrosidase

Compound Glucocerebrosidase”
B-Gluco type 2 0.03
11a 5 0.3
11b 9 0.07
11e 3 0.12
11d 7 0.3

d: Mouse liver
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Table 2. Neurological examination of genetically engineered Gyy-gangliosidosis model

mice.

Each test is performed with semi-quantitative time, space, and movement parameters. See

Ichinomiya et al (2007) for details.

1. Gait: (hip, knee, spine, and shivering)

Score 0: Normal.

Score 1: Slight gait disturbance.

Score 2: Marked gait disturbance.

Score 3: Marked staggering and shaking; gait impossible.

2. Posture: forelimb (paralysis, deformity)

Score 0: Normal.

Score 1: Starting gait difficult and clumsy.

Score 2: Dragging limbs; inversion of dorsum pedis,

Score 3: Complete paralysis: no spontaneous movement.

3. Posture: hind limb (abduction, extention, posture)

Score 0: Normal; smooth joint flexion and extension,

Score 1: Slight hip abduction, external rotation, and knee extension; wide-based.
Score 2: Severe hip abduction, external rotation, and knee extension; wide-based.
Score 3: No spontaneous movement.

4. Trunk (deformity)

Score 0: Normal.

Score 1: Slight back hump.
Score 2: Moderate back hump.
Score 3: Severe back hump.

5. Tail (posture, stiffness)

Score 0: Normal

Score 1: Slight stiffness and elevation.

Score 2: Severe stiffness and elevation.

Score 3: Severe stiffness and elevation with persistent deformity.

6. Avoiding response (pinching tail root with forceps for one second)
Score 0: Strong rejection, avoidance, and squeaking.

Score 1: Slight decrease of response.

Score 2: Trunk torsion; hind limb extension.

Score 3: No response.
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7. Rolling over (turning the tail root three times to left and right)
Score 0: Extending four limbs, resisting passive rolling.

Score 1: Slow passive rolling; prompt recovery.

Score 2: Markedly slow passive rolling; delayed recovery.

Score 3: Posture change impossible; slow body movement.

8. Body righting acting on head (response to vertical hanging, head down by holding tail tip,
and quick upward movements)

Score 0: Strong upward righting reaction of the head.

Score 1: Slight decrease in response.

Score 2: Marked decrease in response.

Score 3: No response; trunk rotation only.

9. Parachute reflex (response to vertical hanging, head down by holding tail tip, and quick
downward movement, three times, within 30 sec)

Score 0: Extension and abduction of hind limbs; continuous knee extension.

Score 1: Slight decrease in response; intermittent knee extension.

Score 2: Marked decrease in response; flexion and adduction of hind limbs; slow
movements.

Score 3: No response; continuous flexion and adduction of hind limbs.

10. Horizontal wire netting (stepping through interstice during walking on horizontal wire
netting)

Score 0: No stepping into interstice.

Score 1: 21-30 sec before stepping into interstice.

Score 2: 11-20 sec before stepping into interstice.

Score 3: 0-10 sec before stepping into interstice.

11. Vertical wire netting (clinging and holding body on vertical wire netting)
Score 0: Stay for 30 sec.

Score 1: Stay for 21-30 sec before falling.

Score 2: Stay for 11-20 sec before falling.

Score 3: Stay for 0-10 sec before falling.




Table 3. Effect of NOEV on Gyy-gangliosidosis Tg mice.
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Experimental mice were orally fed with water (0 mM NOEV) or NOEV solution (1 mM) for
6 months. Total assessment scores were calculated for each group. Value = mean £ SEM (n);

ns=statistically not significant. For details see Suzuki et al (2007)

NOEV 0 mM 1 mM t test
2 months 1.72+£0.19(32) | 1.53£0.17(17) ns
3 months 2,18+ 038(11) | 1.77+0.24(17) ns
4 months 2.53+029(19) | 2.06+0.23 (16) ns
5 months 3.35+£033(17) | 240+ 0.32(15) p<0.05
6 months 3.90£0.31 (30) | 2.81+0.25(16) | p<0.05
7 months 488=0.57(17) | 3.43£0.20(14) | p<0.05
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Fig. 4. Postulated molecular events between mutant enzyme molecules and chaperone
compounds.

Mutant enzyme protcin is unstable in the ER-Golgi compartment at neutral pH. and rapidly
degraded or aggregated possibly to cause ER stress. An appropriate substrate analogue
inhibitor binds to misfolded mutant protein as chemical chaperone at the endoplasmic
reticulum/Golgi compartment in somatic cells. resulting in normal folding and formation of a
stable complex at neutral pH. The protein-chaperone complex is safely transported to the
lysosome. The complex is dissociated under the acidic condition and in the presence of
excessive storage of the substrate. The mutant enzyme remains stabilized, and express
catalytic function. The released chaperone is either secreted from the cell or recycled to
interact with another mutant protein. These molecular events have been partially clarified by
analytical and morphological analyses. and computer-assisted prediction of molecular

interactions.
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Figure Legends
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Fig 1. Structures of valienamines and related compounds.

1A. N-Octyl-4-epi-B-valienamine (NOEV) and N-octyl-B-valienamine (NOV). 1B. Antibiotic
validamycin A and a-amylase inhibitor acarbose. Carbaglycosylamine-type a-glucosidase
inhibitors: valienamine, validamine, and valiolamine. 1C. Validoxylamine A and methyl
acarviosin are mimicking the postulated transition-state structures for hydrolysis of trehalose
and maltose, respectively. 1D. Some biologically interesting valienamine analogues and
N-alky| derivatives [R = (CHz),CH;3]. 1E. Biologically active carbaglucosylamide and

carbaglucosylceramide, and chemically modified unsaturated derivatives.

Fig. 2. Synthetic pathways of valienamines and related compounds.

2A. Synthesis of valienamines and N-alkyl derivatives. (i) HO,, HCOOH; LAH/THF;
Ac,O/Pyrd; (ii) HBr/AcOH; (iii) DBU/toluene; (iv) Bro/CCly; (v) AcONa/MeO(CH;);OH;
NaN3/DMF; (vi) MeONa; PhsP/MeOH; (vii) MeONa; (MeQ),CMe,, TsOH/DMF;
Ph;P/MeOH: (viii) CH;3(CH;),-;COCI/Pyrd; (ix) LAH/THF; (x) aq. AcOH; acidic resin, aq.
NH;.

2B. Synthesis of N-alkyl-4-epi-[-valienamines. (i) Bry, Na;CO3/H,0; LAH/THF; Ac,O/Pyrd;
(ii) HBr/AcOH: (iii) MeONa: aq. H,SOs; Ac,O/Pyrd; (iv) DBU/toluene; (v) MeONa/MeOH;
(Me0O);CMe;, TsOH/DMF; Ac;O/Pyrd; (vi) Bra/CCly; (vii) AcONa/MeO(CH,);OH; (viii)
CH;(CH;3),NH2/DMF; (ix) MeONa/MeOH; aq. AcOH; acidic resin, aq. NHs.

2C. Facile transformation of vibo-quercitol into carbahexopyranoses.

Fig. 3. Correlation between residual B-galactosidase activity and clinical onset.

The amount of residual enzyme activity shows positive parabolic correlation with the age of
onset in various phenotypic forms of B-galactosidase deficiency disorders. The enzyme
activity is generally less than 3% of the control mean in infantile Gu-gangliosidosis, 3-6% in
juvenile Gy;-gangliosidosis, and more than 6% in late onset (adult/chronic)

Gy -gangliosidosis and Morquio B disease. At least 10% of normal enzyme activity is
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necessary for washout of the storage substrate. The age of onset in patients expressing enzyme
activity above this level is theoretically beyond the human life span. This figure is based on
the enzyme assay results using cultured skin fibroblasts and a synthetic fluorogenic substrate
4-methylumbelliferyl 3-galactopyranoside. In this calculation, for technical reasons, substrate
specificity is not taken into account, although mutant enzymes show different spectrum in

Gyi-gangliosidosis and Morquio B disease.

Fig. 4. Postulated molecular events between mutant enzyme molecules and chaperone
compounds.

Mutant enzyme protein is unstable in the ER-Golgi compartment at neutral pH, and rapidly
degraded or aggregated possibly to cause ER stress. An appropriate substrate analogue
inhibitor binds to misfolded mutant protein as chemical chaperone at the endoplasmic
reticulum/Golgi compartment in somatic cells, resulting in normal folding and formation of a
stable complex at neutral pH. The protein-chaperone complex is safely transported to the
lysosome. The complex is dissociated under the acidic condition and in the presence of
excessive storage of the substrate. The mutant enzyme remains stabilized, and express
catalytic function. These molecular events have been partially clarified by analytical and

morphological analyses, and computer-assisted prediction of molecular interactions.

Fig. 5. Computationally predicted structure of B-galactosidase and its conformation of
B-galactosidase and NOEV complex.

5A. Sequence identity in the front part was enough to reconstruct its structure and formed a
typical TIM barrel domain that is generally found in glycoside hydrolases. In alignment of
this part, active residues of both human and Penicillium sp. B-galactosidase molecules were
well matched.

5B. Docking of B-galactosidase and NOEV was performed. In the complex of B-galactosidase

and NOEV in pH7, the ring part of NOEV was settled in the active pocket. Oxygen of a
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glutamic acid in B-galactosidase and hydroxyl of amido in NOEV interacted via hydrogen

bonding.
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Support vector machine prediction of N- and O-glycosylation sites
using whole sequence information and subcellular localization
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Background Glycans. or sugar chains, are one of the three types of chain (DNA, protein and
glycan) that constitute living organisms; they are often called “the third chain of the living
organism”. About half of all proteins are estimated to be glycosylated based on the SWISS-
PROT database. Glycosylation is one of the most important post-translational modifications,
affecting many critical functions of proteins. including cellular communication, and their ter-
tiary structure. In order o computationally predict N-glycosylstion and O-glycosylation
sites, we developed three kinds of support vector machine (SVM) model, which utilize local
information, genersl protein information and/or subcellular localization in considerstion of
the binding specificity of glycosyltransferases and the characteristic subcellular localization of
glycoproteins

Results In our computstional experiment, the model integrating three kinds of information
achieved about 90% scouracy in predictions of both N-glycosylation snd O-glycasylation sites.
Maoreover, our model was applied 1o & protein whose glycosylation sites had not been pre-
viously identified and we succeeded in showing ther the glycosylation sites predicted by our
maodel were structurelly reasonable,

C lusi Inthep study, we developed a comprehensive and effective computational
method ther detects glveosylation sites. We conclude thar cur method is & comprehensive
and effective computational prediction method thar is applicable at & genome-wide level.

1. Introduction

Glycans. or sugar chains. are one of the
three kinds of chain (DNA. protein and glycan)
that constitute living organisms: they are often
called “the third chain of the living organism”
Within an organism. glycans mainly exist as
glycolipid or glvcoprotein, Efficient chemical
synthesis of sugar chains has been well stud-
ied in combinatorial chemistry!/3). Recently
glycosyltransferases that catalyze the transfer
of monosaccharides 1o specific residues in pro-
teins have been well studied in biology and
pathology*~). In some glycoproteins glyco-
sylation or attachment of carbohydrate poly-
mers to an amino acid residue has been stud-
ied in detail”’1?). However there have been no
general approaches that can comprehensively
detect glycosylation sites and identify protein-
bound glyean structures in living cells. Hence.
though there exist several databases on gly-
cans including KEGG GLYCAN') and Gly-

can Database (meep://vww tuncrionalglycomics. org/

glyculuhoi-cullfjcp!:uhnhrinnfurhu:h:uhﬁm.j:p] )

there are currently no comprehensive and useful

t1 Department of Bicosciences and Informarics, Keio
University, 3-14-1 Hivoshi, Kohoku-ku. Yokohama.
223-8522, Japan

databases on glycosylation.

In the present study. we focused on glyco-
sylation. Glycosylation 15 one of the most 1m-
portant post-translational modifications, affect-
ing many critical functions of proteins. includ-
ing cellular communication. and their tertiary
structure!?) About half of all proteins are es-
timated to be glycosylated based on the Swiss-
Prot database'®). There are four different types
of glycosylation. namely. via N-glycosylation.
O-glycosylation. C-mannosylation and gly-
cophosphatidlyinositol (GPI) anchor attach-
ments. In this study. we developed a method
that predicts N-glvcosylation. or glycosylation
of Asn (N) residues. and O-glveosylation. or
zlycosylation of Ser (3) and Thr (T) residues.
sites. in proteins.

ISPMERVRALERCIY QTESVRFDSDVGASE
1

RVRBALERCIY *QTESVAFDSD

Fig-1 The sequence window used to encode local in-
formation of proteins, k upstream snd down-
stream residues of the targer residue (N in
italic) were extracted (k=10. in this figure). To
encode one residue in the sequence windoew, we
utilized BLOSUME2 profile encoding (the cor-
responding row in the BLOSUMGB2Z matrix)
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Several computational approaches to predict
O-glveosylation sites in proteins have been de-
veloped in recent years'*"'%), Statistical learn-
ing methods. such as artificial neural network
(ANN) and support vector machine (SVM).
have been widely utilized for this purpose. In
these studies. each amino acid residue was rep-
resented hy a feature vector in which only lo-
cal information. or a window of fixed length
surrounding the residue (Fig.1). was con-
sidered. However. glycosyltransferases attach
sugar chains to amino acid residues specifi-
cally by recognizing the structure of the whole
protein, rather than the individual residue
only?®-73, Thus. in predicting glvcosylation
sites. general protein information. or whole-
sequence information should he considered.
Moreover. the subcellular localization of glyco-
proteins is characteristic**/?*33) For exam-
ple. most membrane proteins have glycans out-
side the cell membranes and can be regarded
as glycoproteins. Hence. we need to utilize not
only loecal information. but also general infor-
mation and subcellular localization. to predict
glycosvlation sites.

In this study. we constructed four kinds of
SVM model to predict glycosylation sites. The
window model was based on only local infor-
mation. The whole-sequence and localizetion
model utilized. in addition to local information.
general information about the proteins and sub-
cellular localization respectively. The inte-
grol model integrated local information. gen-
eral protein information and subcellular local-
ization. In our computational experiments. the
whole sequence. localization and integral mod-
els showed better prediction performances than
the uindow model. Moreover. we validated the
effectiveness of our model by predicting glveo-
sylation sites that were structurally reasonable
in a protein whose glycosylation sites were un-
known.

2. Results

2.1 Prediction performance of the pro-
posed method

Table 1 shows the prediction performances
when our proposed four kinds of SVM model
were applied to the N.glycosylation and O-
glycosylation site datasets Using only local
information. the accuracy (described later in
Methods) was 0.767 when the model was ap-
plied to the N-glycosylation site dataset and
0.784 when applied to the O-glycosylation site
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Fig.2 Comparison of encoding systems. The
transition of prediction performances in N-
glycasylation sites (A) and O-glycosybtion
sites (B) were shown. The lengths of sequence
window were 4, 10, 20, 30 and 40. Four encod-
ing systems. BLOSUMS2 profile encoding sys-
tem, 0/1 encoding system, amino acid physico-
chemical properties encoding system and inte-
grated encoding system which was combined by
three encoding systems. were applied.

dataset. When utilizing all available informa-
tion. the accuracy was 0.896 when the model
was applied to the N-glycosylation site dataset
and 0,897 when applied to the O-glycosylation
site dataset. The prediction performances with
several kernels were shown in Supplementary
Material 1.

The whole-sequence model (N2 and 02 in Ta-
blel). using local information and general infor-
mation. showed significantly better prediction
performances than the window model (N1 and
01 in Tablel). However. the localization model.
integrating local information and subcellular
localization. (N3 and O3 in Tablel] showed
smaller improvement in performance than the
whole-sequence model (N2 and O2 in Tablel).
These results can be elucidated by biological
properties represented by both whole-sequence
information and subcellular loealization infor-




