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Carbohydrates

Varying density:
R=DNA, RNA, lipids, peptides, fluorescent
probes, proteins, etc...

Metallic core

- Easy to prepare and purify.
- Exceptionally small (<2nm).
- Resistant to enzyme degradation.
- Water soluble.
- Highly polyvalent.
- Non-cytotoxic.

The glyconanoparticles are:
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Converting GNPs into
Paramagnetic GNPs













R
S

O O

S

O
O

S

R

S

O
O

S

O
O

S

O

O

S

R

S

O
O

S
O

O
SAu

R

SR SHO O

S

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O

O

S

O
O

S

O
O

S
O

O
SAu

O O

S

Ligand place excahnge

Any thiol-ending ligand

B



O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O

O

S

O

O

S

O
O

S

O
O

S
O

O
SAu

O O

S

HAuCl4
NaBH4

A "Direct" method

B "LPE" method

O
O SH

Sugar moiety Thiol-ended linker

Gold glyconanoparticle

Exchanged glyconanoparticle

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S
O

O
SAu

O O

S
O O

S

O O

S

O
O

S

O
O

S

O
O

S

O

O

S

O

O

S

O
O

S

O
O

S
O

O
SAu

N

N

N

N

S

HOOC

Gd3+

HOOC

HOOC

N N

NN SHn

HO
O

HO

O

OH

O
Gd3+

n=3 SC5DO3A-Gd
n=9 SC11DO3A-Gd

44,5 h, 25 ºC, 180 rpm
1.1 eq. of the chelant

2 h, 25 ºC, 180 rpm





Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

O
HO

HO

OH
HO

Gd3+

O

OH

HO
OH

O

OH

S

S

Au

n

x

n=0, x=7 GlcC2S-Au-SC11DO3A-Gd
n=1, x=7 GlcC3S-Au-SC11DO3A-Gd
n=3, x=7 GlcC5S-Au-SC11DO3A-Gd
n=3, x=1 GlcC5S-Au-SC5DO3A-Gd
n=5, x=7 GlcC7S-Au-SC11DO3A-Gd
n=7, x=7 GlcC9S-Au-SC11DO3A-Gd

x

x=7 ManC5S-Au-SC11DO3A-Gd
x=1 ManC5S-Au-SC5DO3A-Gd

O

N N

NN

HO

O
OH

O

HO O

x

x=7 GalC5S-Au-SC11DO3A-Gd
x=1 GalC5S-Au-SC5DO3A-Gd

Gd3+

S

N
N

N
N

S

HO

O
OH

O

HO O
Au

Gd3+

S

N N

N
N

S

HO

O OH

O

HO O
Au

Gd3+

S

N
N

N
N

S

HO

O

OH
O

HO O
Au

OHO
HO

O
OH

OH

O
HO O

OH

OH

O
HO

OH
O

OH

O
HO

OH
O

OH

HO

O
OH

HO
OH

O

OH

O
HO

OH
O

OH

x

x=7 MaltoseC5S-Au-SC11DO3A-Gd
x=1 MaltoseC5S-Au-SC5DO3A-Gd

x

x=7 CellobioseC5S-Au-SC11DO3A-Gd
x=1 CellobioseC5S-Au-SC5DO3A-Gd

x

x=7 LacC5S-Au-SC11DO3A-Gd
x=1 LacC5S-Au-SC5DO3A-Gd



β β

β β β

OHO
HO

OH

OH
O

SH
OHO

HO
OH

OH
O SH

OHO
HO

OH

OH
O SH

O
HO

HO
OH

OH
O SH

O
HO

HO
OH

OH
O SH

GlcC2SH GlcC3SH GlcC5SH

GlcC7SH GlcC9SH

O
HO

OH

OH
O SH

OH

GalC5SH

O
HO

HO

OH
HO

O SH

ManC5SH

O
HO

OH

OH
OH

O O
HO

OH

OH
O SH

LacC5SH

OHO
HO

OH

OH

O
O

HO
OH

O

OH

SH
maltoseC5SHOHO

HO
OH

OH

O O
HO OH

OH

O SH

cellobioseC5SH

N N

NN

HO
O

HO

O

OH

O

SH

N N

NN

HO O

HO

O

OH

O

SH

N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

DO3AC5SH DO3AC11SH

DOTA-EdA-C5SH DOTA-EdA-C11SH





Br
KSAc

DMF, 2h, 70%

1) MeONa/MeOH, 1 h
2) ClTr/THF(dry), 15 h,
52%

5

Ph3P/Br4C

CH2Cl2 (dry), 40 min, 63%
2

TEMPO, BAIB

CH3CN:H2O 1:1
5 h, 61 %

Br

O

HO S

OO

HO

KSAc

DMF, 4h, 65%

7
HO S

7
HO

O

STrt
7

HOSTrt
7

Br

S
7

HO

OO

4

1 3



Br Br

Ph3CSH
NaH

THF, 16h, 41 %
Br STrt

6

β

β β

 β

 β



ββββ



O
AcO

AcO
OAc

OAc

OAc

O
AcO

AcO
OAc

OAc

OTCA

O
HO

HO
OH

OH

O
S

2

CH2Cl2 (dry), Ar, 2h

O
AcO

AcO
OAc

OAc

OR

O
HO

HO
OH

OH

O

BF3
.Et2O

2

S
x

R= -(CH2)CH=CH2
-(CH2)3CH=CH2

x=1 GlcC3S
2

x=3 GlcC5S
2

GlcC2S
2

1) N2H4
+AcO-, DMF,

60 ºC, 65%

2) Cl3CCN,DBU,ACN,
2h, 84%

1) Br(CH2)2OH, TMSOTf
CH2Cl2 (dry), Ar,
30 min, 63%

2) KAcS, AIBN,THF,
60 ºC, 12h, 95%

3) MeONa,MeOH,
24h, quantitative

R= -(CH2)7Br
-(CH2)9Br

1) KAcS, AIBN
THF, 60 ºC, 12h, 95%

2) MeONa, MeOH,
24h, quantitative

O
HO

HO
OH

OH

O

2

S
x

x=5 GlcC7S
2

x=7 GlcC9S
2

1) KSAc, INBu4
DMF (dry)
60ºC, 24h

2) MeONa, MeOH,
24h, quantitative

CH2Cl2 (dry), Ar, 2h

O
AcO

AcO
OAc

OAc

OR BF3
.Et2O

Br OHx
OH
x



ββββ

O
AcO

OAc

OAc

OAc

O
AcO

OAc

OAc

O

O
AcO

OAc

OAc

O
MeONa

MeOH, 24h, 87%

O
HO

OH

OH

O SAcS

OAc OAc

OAcOH

CH2Cl2 (dry)
Ar, 3h, 55%

BF3
.Et2O

AcSH, AIBN THF, 80ºC, 24h, 85%

2

HO

GalC5S
2

β

ββββ



O
HO

HO

OH
HO

O
AcO

AcO

OAc
AcO

O
AcO

AcO

OAc
AcOO

HO
HO

OH
HO

Ac2O
DMAP

Pyridine, 24h, 97%

KSAc, AIBN THF, 80ºC, 12h, 74%

MeONa

MeOH, 24h
2

O O

O
O

SAc
S

ManC5S
2

O
HO

HO

OH
HO

OH

HO(CH2)3CH=CH2

CSA, 90-100ºC, 69%

β

ββββ

MeONa MeOH, 4h

CH2Cl2 (dry), Ar, 2h, 55%

BF3
.Et2O

O
AcO

AcO
OAc

OAc

O
O

AcO
OAc

OAc

OAc

O
AcO

AcO
OAc

OAc

O
O

AcO
OAc

O

OAc

SAc

O
HO

HO
OH

OH

O
O

HO
OH

O

OH

S

2
maltoseC5S

2

quantitative

HO(CH2)5SAc

β



ββββ

CH2Cl2 (dry), Ar,
no light, 1h, 96%

OAcO
AcO OAc

OAc

O O
AcO

OAc

OAc
OAcO

AcO
OAc

OAc

O O
AcO OAc

OAc
HBr/AcOH

Br
Toluene (dry),
CH2Cl2 (dry),
0 ºC-r.t, 5h

OAcOAcO
OAc

OAc

O O
AcO

OAc

OAc

AgOTf. 0ºC

O
OAcOAcO

OAc

OAc

O O
AcO

OAc

OAc

O SAc

OHO
HO

OH

OH

O O
HO

OH

OH

O S

OAc

AcSH, AIBN

THF,
86 ºC, 5h

MeONa MeOH, 24h

2

cellobioseC5S
2

quantitative

HO(CH2)3CH=CH2

β

ββββ



O
HO

OH

OH
OH

O O
HO

OH

OH
OH O

BzO
OBz

OBz
OBz

O O
BzO

OBz

OBz

OTCA

O
BzO

OBz

OBz
OBz

O O
BzO

OBz

OBz
OO

HO
OH

OH
OH

O O
HO

OH

OH
O S

CH2Cl2 (dry), 30 min, 70%

2

TMSOTf

LacC5S
2

1) BzCl, DMAP
pyridine, 0ºC, 24H

2) N2H4
+AcO-, DMF,

60ºC, 74%

3) Cl3CCN, DBU
ACN, 2h, 81%

HO(CH2)3CH=CH2

1) AcSH, AIBN,THF,86ºC,
24h, 95%

2) MeONa, MeOH, 24h, 52%

β



N HN

NN

O O
O

O

O

O

N N

NN

RO O
OR

O

RO

O

1) Br(CH2)11STrt, K2CO3(dry),
DMF (dry), 85ºC, 15 h, 90%

2a) TFA/EtSH, 60 h, RT
2b) TFA, TIPS, CH2Cl2, 1 h, 89%

7 SR'

N N

NN

RO O
OR

O

RO

O

1) Br(CH2)5STrt K2CO3(dry),
DMF (dry), 80ºC, 12 h, 91%

2a) TFA/EtSH, 36 h,RT
2b) TFA, TIPS, CH2Cl2, 1 h, 90%

SR'

DO3AtBuC11STrt (R=tBu, R'=Trt )
1

2
DO3AC11SH (R= R'=H)

DO3AtBu

DO3AtBuC5STrt (R=tBu, R'=Trt )
1

2
DO3AC5SH (R= R'=H)

DO3AtBu

DO3AtBu



1) HOOC(CH2)4SAc,
HBTU, HOBt,
DIPEA, DMF, RT, 24 h, 46%

N
N

N
N

N
H

O

H
N

O

SR'

ORO

O

OR

O

RO

2a) TFA, TIPS, CH2Cl2 (dry)

2b) NaOMe, MeOH

N N

NN

N
H

O
NH2

O

O
O

O

O

O

1) HOOC(CH2)10SAc,
HBTU, HOBt,
DIPEA, DMF, RT, 24 h, 46%

N
N

N
N

N
H

O

H
N

O

SR'

ORO

O

OR

O

RO

2a) TFA, TIPS, CH2Cl2 (dry)

2b) NaOMe, MeOH

7

DOTAtBu-EdA-C11SAc

1

2
DOTA-EdA-C11SH

DOTAtBu-EdA

DOTAtBu-EdA-C11SAc

1

2
DOTA-EdA-C5SH

DOTAtBu-EdA

DOTAtBu-EdA

(R=tBu, R'=SAc)

(R=ttBu, R'=SAc)

(R= R'=H)

(R= R'=H)

RT, 60 h

RT, 20 h, 70%

RT, 48 h

RT, 20 h, 90%





N N

NN SH11

HO O

HO

O

OH

O

O
O Neoglycoconjugates

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S
O

O
SAu

N

N

N

N

S

HOOC

HOOC

HOOC
O

HO
HO

OH
O

OH

S

GlcC5S-Au-SC11DO3A-Gd
LacC5S-Au-SC11DO3A-Gd

O
OH

HO
OH

O

OH

O
HO

OH
O

OH

S
5

2

2

GlcC5S
2

5

LacC5S
2

GdCl3 in HEPES
pH=7.4, 0.1M

O O

S

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O

O

S

O
O

S

O
O

S
O

O
SAu

N

N

N

N

S

HOOC

HOOC

HOOC

Gd3+

HAuCl4, NaBH4,
2h, 25ºC





N N

NN SHn

HO
O

HO

O

OH

O

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S
O

O
SAu

O
O Neoglycoconjugates

O O

S

HAuCl4
NaBH4

2 h, 25 ºC

Gd3+
44,5 h, 25 ºC, 180 rpm

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O

O

S

O

O

S

O
O

S

O
O

S
O

O
SAu

N

N

N

N

S

HOOC

Gd3+

HOOC

HOOC

O
HO

HO
OH

O

OH

n=2 GlcC2S
n=3 GlcC3S
n=5 GlcC5S
n=7 GlcC7S
n=9 GlcC9S

S
n

11, GlcC2S-Au-SC11DO3A-Gd 21, GlcC5S-Au-SC5DO3A-Gd
12, GlcC3S-Au-SC11DO3A-Gd 22, GalC5S-Au-SC5DO3A-Gd
13, GlcC5S-Au-SC11DO3A-Gd 23, ManC5S-Au-SC5DO3A-Gd
14, GlcC7S-Au-SC11DO3A-Gd 24, CellobiseC5S-Au-SC5DO3A-Gd
15, GlcC9S-Au-SC11DO3A-Gd 25, MaltoseC5S-Au-SC5DO3A-Gd
16, GalC5S-Au-SC11DO3A-Gd 26, LacC5S-Au-SC5DO3A-Gd
17, ManC5S-Au-SC11DO3A-Gd
18, CellobioseC5S-Au-SC11DO3A-Gd
19, MaltoseC5S-Au-SC11DO3A-Gd
20, LacC5S-Au-SC11DO3A-Gd

1, GlcC2S-Au
2, GlcC3S-Au
3, GlcC5S-Au
4, GlcC7S-Au
5, GlcC9S-Au
6, GalC5S-Au
7, ManC5S-Au
8, CellobioseC5S-Au
9, MaltoseC5S-Au
10, LacC5S-Au

OHO
HO

O
OH

OH

O
HO O

OH

OH

S

O
HO

OH
O

OH

S

OH

GalC5S

5

5

MaltoseC5S

O
OH

HO
OH

O

OH

O
HO

OH
O

OH

S

O
HO

OH
O

OH

O
HO

OH
O

OH

SHO

5

LacC5S

5

CellobioseC5S

O
HO

HO O

OH

S
5

HO

ManC5S

n=3 SC5DO3A
n=9 SC11DO3A

2

2

2

2

2

2

"Direct" method

"LPE" method

O
O SH









 34

 35

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1

400 500 600 700 800

0,00

0,05

0,10

0,15

0,20

0,25

0,30

A
bs

nm





4 5 6 7 8 9

-20

-15

-10

Z 
po

te
nt

ia
l (

m
V

)

pH













n

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O

O

S

O
O

S

O
O

S

O
O

S
O

O
SAu

O
O GlcC5S

O O

S

HAuCl4
NaBH4

2 h, 25 ºC

Gd3+44,5 h, 25 ºC, 180 rpm

O O

S

O O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S

O
O

S
O

O
SAu

S

O
HO

HO
OH

O

OH

GlcC5S

GlcC5S-Au-SC11DOTA-EdA-Gd
GlcC5S-Au-SC5DOTA-EdA-Gd

n=2 SC5DOTA-EdA
n=8 SC11DO3A-EdA

"LPE" method

S

2

2

"Direct" method

N
N

N
N

N
H

O
H
N

O
SH

OHO

O

OH

O

HO

N

N

N

NHOOC

Gd3+

HOOC

HOOC

O N
H

H
N

O

O
HO

HO
OH

O

OH

SH



OHO
HO

OH
O

OH

S

GlcC5S-Au-SC11DOTA-EdA-Gd

Au
N

N

N
N

N
H

O

H
N

O

S

OHO

O

OH

O

HO

Gd3+

Gd3+

OHO
HO

OH
O

OH

S

N N

NN

S

HO

O

OH

O

HO O Au

OHO
HO

OH
O

OH

S
Au

N

N

N

N

NH
O

HN
O

S
O

HO

O

OH

O

HO

Gd3+

GlcC5S-Au-SC5DOTA-EdA-Gd

Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O

OH

O

HO O Au

GlcC5S-Au-SC11DO3A-Gd

GlcC5S-Au-SC5DO3A-Gd



τ

τ



Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

7.727 

17.777 

Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

9.100 

Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

11.623 

Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

OHO
HO

OH
O

OH

14.165 

Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

OHO
HO

OH
O

OH

16.726 

GlcC2S-Au-SDO3AC11- GlcC3S-Au-SDO3AC11-

GlcC5S-Au-SDO3AC11- GlcC7S-Au-SDO3AC11-

GlcC9S-Au-SDO3AC11-









S

O

HOHO Br
KSAc

DMF, 2h 1



HO SAc
1) MeONa/MeOH

2) ClTrt/THF(dry)
HO STrt

1 5

HO STrt
Ph3P/Br4C

CH2Cl2 (dry), 40 min
Br STrt

5 2



S

O

HO S

O

HO

OTEMPO, BAIB

CH3CN:H2O 1:11 3



Br Br

Ph3CSH
NaH

THF
Br STr

Br

O

HO S

OO

HO

KSAc

DMF, 4h
4





O
AcO

AcO
OAc

OAc

OAc

N2H4
+AcO-

DMF, 60ºC, 65%

O
AcO

AcO
OAc

OAc

OH

Cl3CCN

DBU
ACN

O
AcO

AcO
OAc

OAc

OTCA



O
AcO

AcO
OAc

OAc

OTCA

Br
OH

TMSOTf

O
AcO

AcO
OAc

OAc

O
Br

O
AcO

AcO
OAc

OAc

O
SAc

KAcS AIBN
THF

MeONa

MeOH

O
HO

HO
OH

OH

O
SH



O
AcO

AcO
OAc

OAc

OAc
CH2Cl2, BF3

.Et2O
r.t.,2h

HO O
AcO

AcO
OAc

OAc

O

AcSH AIBN
THF

O
AcO

AcO
OAc

OAc

O SAc
MeONa

MeOH

O
HO

HO
OH

OH

O SH





O
AcO

AcO
OAc

OAc

OAc
CH2Cl2, BF3

.Et2O
r.t.,2h

HO O
AcO

AcO
OAc

OAc

O

AcSH AIBN
THF

O
AcO

AcO
OAc

OAc

O
MeONa

MeOH

O
HO

HO
OH

OH

O SAcSH



O
AcO

AcO
OAc

OAc

OAc
CH2Cl2, BF3

.Et2O
r.t.3h

HO O
AcO

AcO
OAc

OAc

O

KSAc INBu4
DNF

O
AcO

AcO
OAc

OAc

O
MeONa

MeOH

O
HO

HO
OH

OH

O

Br

Br

SAcSH





O
AcO

AcO
OAc

OAc

OAc

CH2Cl2, BF3
.Et2O

r.t.3h

HO
O

AcO
AcO

OAc

OAc

O

KSAc INBu4
DNF

O
AcO

AcO
OAc

OAc

O
MeONa

MeOH

O
HO

HO
OH

OH

O

Br

SAcSH

Br





O
AcO

OAc

OAc

OAc
CH2Cl2, BF3

.Et2O
r.t.,3h

HO O
AcO

OAc

OAc

O

AcSH AIBN
THF

O
AcO

OAc

OAc

O
MeONa

MeOH

O
HO

OH

OH

O SAcSH

OAc OAc

OAcOH



O
HO

HO

OH
HO O

AcO
AcO

OAc
AcO

O
AcO

AcO

OAc
AcOO

HO
HO

OH
HO

Ac2O
DMAP

Pyridine, 24h, 97%

KAcS, AIBN THF, 80ºC, 12h, 74%

MeONa

MeOH, 24h
2

O O

O
O

SAc
S





CH2Cl2, BF3
.Et2O

r.t.,2h

O
AcO

AcO
OAc

OAc

O
O

AcO
OAc

OAc
O

AcO
AcO

OAc

OAc

O
O

AcO
OAc

O

OAc

SAc

HO SAc

NaOMe MeOH

O
HO

HO
OH

OH

O
O

HO
OH

O

OH

SH

OAc



CH2Cl2 (dry)
Argon
No ligh t

O
AcO

AcO
OAc

OAc

O
O

AcO
OAc

OAc

O
AcO

AcO
OAc

OAc

O O

AcO
OAc

OAc
HBr/AcOH

Br

Toluene (dry)
CH2Cl2 (dry)

OAcO
AcO

OAc

OAc

O O

AcO
OAc

OAc

C5H10O/AgOTf

OTHF
AIBN

OAcO
AcO

OAc

OAc

O O

AcO
OAc

OAc

O SAc

CH3COSH

NaOMe MeOH

O
HO

HO
OH

OH

O O

HO
OH

OH

O SH

OAc



α 

β 

α β 

ββββ



αααα



O
HO

OH

OH
OH

O O
HO

OH

OH
OH

Pyridine, 0ºC

ClBz
O

BzO
OBz

OBz
OBz

O O
BzO

OBz

OBz
OBz

N2H4
+AcO- DMF

O
BzO

OBz

OBz
OBz

O O
BzO

OBz

OBz

OH

Cl3CCN

DBU
ACN

O
BzO

OBz

OBz
OBz

O O
BzO

OBz

OBz

OTCA

HO TMSOTf

O
BzO

OBz

OBz
OBz

O O
BzO

OBz

OBz
O O

BzO
OBz

OBz
OBz

O O
BzO

OBz

OBz
O SAc

MeONa MeOH

O
HO

OH

OH
OH

O O
HO

OH

OH
O SH

AcSH

THF
AIBN







DMF (dry), 85ºC, 15h

N HN

NN

O
O

O

O

O

O N N

NN

O
O

O

O

O

O

STrt

BrC11STrt (2), K2CO3 (dry)

N N

NN

HO
O

OH

O

HO

O

2) TFA, TIPS,
CH2Cl2

1 h

1) TFA/EtSH
60 h

SH





DMF (dry), 80ºC, 12h

N HN

NN

O
O

O

O

O

O N N

NN

O
O

O

O

O

O

STr

BrC5STrt (6), K2CO3 (dry)

N N

NN

HO
O

OH

O

HO

O

SH

2) TFA, TIPS,
CH2Cl2

1 h

1) TFA/EtSH
36 h



N N

NN

N
H

O
NH2

O

O
O

O

O

O

HO
S

HBTU, HOBt
DIPEA, DMF, 24h

N
N

N
N

N
H

O
H
N

O

SAc

OO

O

O

O

O

a) TFA, TIPS, CH2Cl2 (dry), 60 h

O

b) NaOMe, MeOH, 20 h

N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

8
O(3)





N N

NN

N
H

O
NH2

O

O
O

O

O

O

HO+

HBTU, HOBt

DIPEA, DMF, 24h
N

N

N
N

N
H

O
H
N

O

SAc

OO

O

O

O

O

a) TFA, TIPS, CH2Cl2 (dry), 48 h

O

b) NaOMe, MeOH, 20 h

N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

SAc
4

DOTA-amine DOTA-tBu-EdA-C5-SAc

DOTA-EdA-C5-SH

















μ μ

μ μ

μ μ



μ μ

μ μ

μ μ

μ μ

μ μ



μ μ

μ μ

μ μ

μ μ





























Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

O
HO

HO

OH
HO

ManC5S-Au-SC11DO3A-Gd

O

Gd3+

O

OH

HO
OH

O

OH

S

GalC5S-Au-SC11DO3A-Gd

N N

NN
S

HO

O
OH

O

HO O Au

Gd3+

OHO
HO

OH
O

OH

S

GlcC5S-Au-SC11DO3A-Gd

N N

NN
S

HO

O
OH

O

HO O Au





Cytotoxicity with HepG2 cells

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

ManC5S-Au-SC11DO3A-Gd

GalC5S-Au-SC11DO3A-Gd

GlcC5S-Au-SC11DO3A-Gd

Glyconanoparticles

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty
 (%

)

100 ug/mL
50 ug/mL
25 ug/mL
10 ug/mL

Cytotoxicity with Raji cells

0,00

20,00

40,00

60,00

80,00

100,00

120,00

140,00

160,00

GlcC5S-Au-SC5DO3A-Gd

ManC5S-Au-SC11DO3A-Gd

GalC5S-Au-SC11DO3A-Gd

GlcC5S-Au-SC11DO3A-Gd

Glyconanoparticles

Re
la

tiv
e 

ce
ll 

vi
ab

ili
ty

 (%
)

100 ug/mL
50 ug/mL
25 ug/mL
10 ug/mL

Cytotoxicity with GL261 cells

0 20 40 60 80 100 120 140

GlcC2S-Au-SC11DO3A-Gd 

GlcC3S-Au-SC11DO3A-Gd 

GlcC5S-Au-SC11DO3A-Gd 

GlcC7S-Au-SC11DO3A-Gd 

GlcC9S-Au-SC11DO3A-Gd 

GalC5S-Au-SC11DO3A-Gd 

ManC5S-Au-SC11DO3A-Gd 

cellobioseC5S-Au-SC11DO3A-Gd 

maltoseC5S-Au-SC11DO3A-Gd 

LacC5S-Au-SC11DO3A-Gd 

GlcC5S-Au-SC5DO3A-Gd 

GalC5S-Au-SC5DO3A-Gd 

ManC5S-Au-SC5DO3A-Gd 

maltoseC5S-Au-SC5DO3A-Gd 

LacC5S-Au-SC5DO3A-Gd 

G
ly

co
na

no
pa

rti
cl

es

Relative cell viability (%)

100 ug/mL
50 ug/mL
25 ug/mL
10 ug/mL











0,00 0,05 0,10 0,15 0,20

0,3

0,4

0,5

0,6

0,7

0,8

1/
T1

 (s
)

[Gd] mM

y=0,279 + 2,65x
SD=0,2 

GlcC5S-Au-SC11DO3A-Gd

0,00 0,05 0,10 0,15 0,20
0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1/
T1

 (s
)

[Gd] mM

ManC5S-Au-SC11DO3A-Gd

y=0,270 + 2,89x
SD=0,2

0,00 0,05 0,10 0,15 0,20
0,2

0,3

0,4

0,5

0,6

0,7

1/
T1

 (s
)

[Gd] mM

GalC5S-Au-SC11DO3A-Gd

y=0,266 + 2,06x
SD=0,2





Gd3+

OHO
HO

OH
O

OH

S

N
N

N
N

S

HO

O
OH

O

HO O
Au





























98

103

108

113

118

123

128

0 5 10 15 20 25 30 35 40

Time (min)

R
CE

 (%
)





















90

95

100

105

110

115

120

125

130

135

0 5 10 15 20 25 30 35 40

Time (min)

R
C

E 
(%

)

100

105

110

115

120

125

130

135

GNP2 DOTAREM

RC
E

 a
t T

m
ax

 (%
)















 L























S

O

HO
1



Br STrt
2



S

O

HO

O

3



S

OO

HO
4



HO STrt
5



Br STrt
6



O
HO

HO
OH

OH

O
S

2GlcC2S
2



O
HO

HO
OH

OH

O

2

S

GlcC3S
2



O
HO

HO
OH

OH

O

2
GlcC5S

2

S



O
HO

HO
OH

OH

O

2
GlcC7S

2

S



O
HO

HO
OH

OH

O

2GlcC9S
2

S



O
HO

OH

OH

O S

OH

2
GalC5S

2



O
HO

HO

OH
HO

2

O S

ManC5S
2



O
HO

HO
OH

OH

O
O

HO
OH

O

OH

S

2MaltoseC5S
2



OHOHO
OH

OH

O O
HO OH

OH

O S

2
CellobioseC5S

2



O
HO

OH

OH
OH

O O
HO

OH

OH
O S

2
LacC5S

2



N N

NN

HO
O

OH

O

HO

O

SH
DO3AC11SH



N N

NN

HO
O

OH

O

HO

O

SH
DO3AC5SH



N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

DOTA-EdAC11SH



N
N

N
N

N
H

O
H
N

O

SH

OHO

O

OH

O

HO

DOTA-EdAC5SH







OHO
HO

OH O

OH

S

S
AuO

HO
HO

OH
O

OH



S
Au

OHO
HO

OH
OH

O

S
O

HOHO

OHHO

O



Au

O
HO

OH

OH
OH

O
O

HO

OH

OH
O

S

O
HO

OH

OH
OH

O O
HO

OH

OH
O S



Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

1,6 1,8 2,0
0

5

10

15

20

25

30

35

40

%
 n

an
op

ar
tic

le
s

Diameter (nm)

AI107

 32

 33

 34

 35

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

Ab
s

nm



Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

3,0

A
bs

nm

AI106

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

 53

%
T

 500 1000 1500 2000 2500 3000 3500 4000
cm-1

1,6 1,8 2,0 2,2
0

5

10

15

20

25

30

35

%
 n

an
op

ar
tic

le

Diameter (nm)



Gd3+

OHO
HO

OH
O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

300 400 500 600 700 800

0,0

0,5

1,0

1,5

2,0

A
bs

nm

1,2 1,4 1,6 1,8
0

10

20

30

40

50

%
 n

an
op

ar
tic

le
s

Diameter (nm)

4 6
0

5

10

15

20

25

30

35

%
 n

an
op

at
ic

le
s

Diameter (nm)

 34

 35

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

OHO
HO

OH
O

OH

S

N
N

N
N

S

HO

O
OH

O

HO O
Au

1,6 1,8 2,0 2,2
0

5

10

15

20

25

30

35

40

%
 n

an
op

ar
tic

le
s

Diameter (nm)

4
0

5

10

15

20

25

30

35

%
 n

an
op

ar
tic

le
s

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

Ab
s

nm

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

%
T

 500 1000 1500 2000 2500 3000 3500 4000
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

OHO
HO

OH
O

OH

1,6 1,8 2,0
0

10

20

30

40

50

60

70

%
 n

an
op

ar
tic

le
s

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

A
bs

nm

 31

 32

 33

 34

 35

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

%
T

 500 1000 1500 2000 2500 3000 3500 4000
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

OHO
HO

OH
O

OH

2,0 2,5
0

10

20

30

40

50

60

%
 n

an
op

ar
tic

le

Diameter (nm)

400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

A
bs

nm

 45

 46

 47

 48

 49

 50

 51

 52

 53

 54

 55

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

O

OH

HO
OH

O

OH

S

N N

NN
S

HO

O
OH

O

HO O Au

1,6 1,7 1,8 1,9
0

5

10

15

20

25

30

35

%
 n

an
op

ar
tic

le
s

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

Ab
s

nm

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

 53

 54

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

O
HO

OH
O

OH

S

N
N

N
N

S

HO

O

OH
O

HO O
Au

OH

1,6 1,8
0

5

10

15

20

25

30

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,2

0,4

0,6

Ab
s

nm

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

 53

 54

 55

 56

 57

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

O
HO

HO O

OH
HO

50
m

2,0 2,2 2,4 2,6 2,8
0

5

10

15

20

25

30

35

40

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

Ab
s

nm

 30

 31

 32

 33

 34

 35

 36

 37

 38

 39

 40

 41

%
T

 500 1000 1500 2000 2500 3000 3500 4000
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

O
HO

HO O

OH
HO

1,6 1,8 2,0
0

5

10

15

20

25

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,2

0,4

0,6

0,8

Ab
s

nm

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O
Au

O
HO

OH
O

OH

O
HO

OH
O

OH

HO

1,8 2,0
0

5

10

15

20

25

30

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,2

0,4

0,6

0,8

1,0

Ab
s

nm

 35

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O
Au

O
HO

OH
O

OH

O
HO

OH
O

OH

HO

1,8 2,0 2,2
0

5

10

15

20

25

30

35

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

A
bs

nm

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

%
T

 500 1000 1500 2000 2500 3000 3500 4000
cm-1



Gd3+

S

N N

NN
S

HO

O
OH

O

HO O Au

OHO
HO

O
OH

OH

O
HO O

OH

OH

1,6 1,8 2,0
0

5

10

15

20

25

30

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

Ab
s

nm

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

 53

 54

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

S

N
N

N
N

S

HO

O
OH

O

HO O
Au

OHO
HO

O
OH

OH

O
HO O

OH

OH

1,6 1,8 2,0
0

5

10

15

20

25

30

%
 n

an
op

ar
tic

le

Diameter (nm)

300 400 500 600 700 800
0,0

0,5

1,0

1,5

2,0

2,5

A
bs

nm

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1



Gd3+

S

N
N

N
N

S

HO

O

OH
O

HO O

Au
O

OH

HO
OH

O

OH

O
HO

OH
O

OH

1,5 1,6 1,7 1,8
0

5

10

15

20

25

30

%
 n

an
op

ar
tic

le

Diameter (nm)

400 500 600 700 800

0,0

0,1

0,2

0,3

0,4

0,5

0,6

%
 n

an
op

ar
tic

le

Diameter (nm)

 36

 37

 38

 39

 40

 41

 42

 43

 44

 45

 46

 47

 48

 49

 50

 51

 52

 53

%
T

 500    1000   1500   2000   2500   3000   3500   4000  
cm-1


























