
SUPPORTING INFORMATION

Chemical Synthesis of Peptidoglycan Mimetic –

Disaccharide-Tetrapeptide Conjugate and its Hydrolysis with

Bacteriophage T5, RB43 and RB49 L-Alanyl-D-Glutamate Peptidases

Viatcheslav N. Azeva, Alexey N. Chulina, Maxim M. Molchanovb, Dmitry A.

Prokhorovb, Galina V. Mikoulinskaiaa, Vladimir N. Uverskyc, Viktor P.

Kutyshenkob,∗

a Branch of Shemyakin and Ovchinnikov Bioorganic Chemistry Institute, Russian Academy of Sciences, Sci-
ence avenue, 6, Pushchino, Moscow Region, Russia, 142290.
b Institute for Theoretical and Experimental Biophysics, Russian Academy of Sciences, Institutskaya str., 3,
Pushino, Moscow region, Russia, 142290.
c Department of Molecular Medicine and USF Health Byrd Alzheimer’s Research Institute Morsani College
of Medicine, University of South Florida, 12901 Bruce B. Downs Blvd. MDC07 Tampa, Florida 33612, USA.

∗ Correspondence to: Viktor P. Kutyshenko, Institute for Theoretical and Experimental Biophysics, Rus-
sian Academy of Sciences, Institutskaya str., 3, Pushino, Moscow region, Russia, 142290, E-mail: ku-

tyshenko@rambler.ru.

1 NMR spectra and HPLC chromatograms

1 Nα-tert-butoxycarbonyl-L-alanyl-α-tert-butyl-D-glutamyl-L-alanyl-D-alanine tert butyl ester
(4), 1H NMR spectrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Nα-tert-butoxycarbonyl-L-alanyl-α-tert-butyl-D-glutamyl-L-alanyl-D-alanine tert butyl ester
(4), {1H}13C NMR spectrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3 Nα-tert-butoxycarbonyl-L-alanyl-α-tert-butyl-D-glutamyl-L-alanyl-D-alanine tert butyl ester
(4), 2D COSY NMR spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4 Nα-tert-butoxycarbonyl-L-alanyl-α-tert-butyl-D-glutamyl-L-alanyl-D-alanine tert butyl ester
(4), 2D HMBC NMR spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

5 HPLC analysis of L-Alanyl-γ-D-glutamyl-L-alanyl-D-alanine trifluoroacetate (5) . . . . . . . . 6
6 HPLC analysis of N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-glutamyl-L-

alanyl-D-alanine (1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
7 N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-glutamyl-L-alanyl-D-alanine (1).

1H NMR spectrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
8 N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-glutamyl-L-alanyl-D-alanine (1).

13C NMR spectrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
9 N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-glutamyl-L-alanyl-D-alanine (1).

HRMS spectrum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10



10 9 8 7 6 5 4 3 2 1 ppm

7
3

3
.5

8
7

4
0

.8
9

1
2

7
7

.2
0

1
2

8
4

.5
7

1
2

9
2

.6
0

2
5

5
3

.6
2

2
5

6
0

.7
5

2
5

6
8

.0
6

2
5

7
5

.3
1

2
5

8
2

.2
0

4
0

8
3

.9
3

4
0

9
1

.4
2

4
7

6
6

.3
4

4
7

7
3

.7
7

4
8

0
3

.4
3

4
8

1
1

.2
8

4
8

5
1

.1
3

4
8

5
8

.3
2

6
.0

0
3

.0
0

2
7

.0
0

1
.0

0

1
.0

0

2
.0

1

3
.0

4

1
.0

0

0
.9

6

1
.0

0
1

.0
1

0
.9

9

PC                 1.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                  EM
SF          599.2300040 MHz
SI               131072
SFO1        599.2347970 MHz
PL1W         8.97868061 W
PL1                1.00 dB
P1                10.39 usec
NUC1                 1H
======== CHANNEL f1 ========

TD0                   1
D1          10.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               34.800 usec
RG                 80.6
AQ            3.4210291 sec
FIDRES         0.146157 Hz
SWH           14367.816 Hz
DS                    4
NS                   16
SOLVENT            DMSO
TD                98304
PULPROG              zg
PROBHD   5 mm PABBI 1H−
INSTRUM           spect
Time              18.29
Date_          20180601
PROCNO                1
EXPNO               537
NAME         2018_06_03

F
igu

re
1:

N
α -tert-b

u
tox

y
carb

on
y
l-L

-alan
y
l-α

-tert-b
u
ty

l-D
-glu

tam
y
l-L

-alan
y
l-D

-alan
in

e
tert

b
u
ty

l
es-

ter
(
4
),

1H
N

M
R

sp
ectru

m
.

2



2030405060708090100110120130140150160170180190 ppm

17
.0

1
18

.3
0

18
.3

6

27
.1

1
27

.5
6

28
.1

4
31

.3
1

47
.9

4
48

.2
3

49
.6

3
52

.1
4

78
.0

3
80

.2
9

80
.5

8

15
4.

94

17
0.

81
17

0.
90

17
1.

56
17

2.
08

17
2.

82

PC                 1.00
GB                    0
LB                 3.00 Hz
SSB                   0
WDW                  EM
SF          150.6765794 MHz
SI                65536
SFO2        599.2326965 MHz
PL13W        0.49912864 W
PL12W        0.49912864 W
PL2W         8.97868061 W
PL13              13.55 dB
PL12              13.55 dB
PL2                1.00 dB
PCPD2             60.00 usec
NUC2                 1H
CPDPRG2         waltz16
======== CHANNEL f2 ========

SFO1        150.6924747 MHz
PL1W       159.87872314 W
PL1               −3.00 dB
P1                17.00 usec
NUC1                13C
======== CHANNEL f1 ========

TD0                   1
D11          0.03000000 sec
D1           3.00000000 sec
TE                298.0 K
DE                 6.50 usec
DW               15.600 usec
RG                  203
AQ            0.5112308 sec
FIDRES         0.978127 Hz
SWH           32051.281 Hz
DS                  128
NS                 8192
SOLVENT            DMSO
TD                32768
PULPROG            zgpg
PROBHD   5 mm PABBI 1H−
INSTRUM           spect
Time              20.12
Date_          20180601
PROCNO                1
EXPNO               539
NAME         2018_06_03

F
igu

re
2:

N
α -tert-b

u
tox

y
carb

on
y
l-L

-alan
y
l-α

-tert-b
u
ty

l-D
-glu

tam
y
l-L

-alan
y
l-D

-alan
in

e
tert

b
u
ty

l
es-

ter
(
4
),

{
1H

}
1
3C

N
M

R
sp

ectru
m

.

3



ppm

1.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.5 ppm

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          599.2300040 MHz
MC2                  QF
SI                 1024
PC                 4.00
GB                    0
LB                 0.00 Hz
SSB                   0
WDW                SINE
SF          599.2300040 MHz
SI                 4096
FnMODE               QF
SW                8.003 ppm
FIDRES         9.366054 Hz
SFO1           599.2327 MHz
TD                  512
ND0                   1
P16             1000.00 usec
GPZ1              10.00 %
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO1        599.2326965 MHz
PL9W         0.00000000 W
PL1W         8.97868061 W
PL9              120.00 dB
PL1                1.00 dB
P1                10.61 usec
P0                 5.50 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00020855 sec
D16          0.00020000 sec
D12          0.00002000 sec
D11          0.03000000 sec
D1           1.00000000 sec
D0           0.00000300 sec
TE                298.0 K
DE                 6.50 usec
DW              104.267 usec
RG                  203
AQ            0.2135881 sec
FIDRES         2.341502 Hz
SWH            4795.396 Hz
DS                    4
NS                    2
SOLVENT            DMSO
TD                 2048
PULPROG      cosygpprqf
PROBHD   5 mm PABBI 1H−
INSTRUM           spect
Time              18.33
Date_          20180601
PROCNO                1
EXPNO               538
NAME         2018_06_03

F
igu

re
3:

N
α -tert-b

u
tox

y
carb

on
y
l-L

-alan
y
l-α

-tert-b
u
ty

l-D
-glu

tam
y
l-L

-alan
y
l-D

-alan
in

e
tert

b
u
ty

l
es-

ter
(
4
),

2D
C

O
S
Y

N
M

R
sp

ectru
m

4



1
.0

1
.5

2
.0

2
.5

3
.0

3
.5

4
.0

4
.5

5
.0

5
.5

6
.0

6
.5

7
.0

7
.5

8
.0

p
p

m
p

p
m2
0

3
0

4
0

5
0

6
0

7
0

8
0

9
0

1
0

0

1
1

0

1
2

0

1
3

0

1
4

0

1
5

0

1
6

0

1
7

0

1
8

0

GB                    0
LB                 0.00 Hz
SSB                   0
WDW               QSINE
SF          150.6765624 MHz
MC2                  QF
SI                 1024
PC                 1.40
GB                    0
LB                 0.00 Hz
SSB                   0
WDW               QSINE
SF          599.2300039 MHz
SI                 4096
FnMODE               QF
SW              212.693 ppm
FIDRES        62.600155 Hz
SFO1           150.6925 MHz
TD                  512
ND0                   2
P16             1000.00 usec
GPZ3              40.10 %
GPZ2              30.00 %
GPZ1              50.00 %
GPNAM3         SINE.100
GPNAM2         SINE.100
GPNAM1         SINE.100
====== GRADIENT CHANNEL =====

SFO2        150.6924747 MHz
PL2W       159.87872314 W
PL2               −3.00 dB
P3                17.00 usec
NUC2                13C
======== CHANNEL f2 ========

SFO1        599.2326965 MHz
PL1W         8.97868061 W
PL1                1.00 dB
P2                20.08 usec
P1                10.04 usec
NUC1                 1H
======== CHANNEL f1 ========

IN0          0.00001560 sec
D16          0.00020000 sec
D6           0.05000000 sec
D1           1.00000000 sec
D0           0.00000300 sec
CNST13       10.0000000
TE                297.9 K
DE                 6.50 usec
DW              104.267 usec
RG                  203
AQ            0.2135881 sec
FIDRES         2.341502 Hz
SWH            4795.396 Hz
DS                    4
NS                   64
SOLVENT            DMSO
TD                 2048
PULPROG      hmbcgpndqf
PROBHD   5 mm PABBI 1H−
INSTRUM           spect
Time               3.50
Date_          20180602
PROCNO                1
EXPNO               540
NAME         2018_06_03

F
igu

re
4:

N
α -tert-b

u
tox

y
carb

on
y
l-L

-alan
y
l-α

-tert-b
u
ty

l-D
-glu

tam
y
l-L

-alan
y
l-D

-alan
in

e
tert

b
u
ty

l
es-

ter
(
4
),

2D
H

M
B

C
N

M
R

sp
ectru

m

5



Project Name:  testing_peptides
Reported by User:  System

Page:  1 of 1Report Method:  Gradient Overlay Report ASC Printed 14:09:41 24.03.2020

S A M P L E      I N F O R M A T I O N

Sample Name:  Ag(Ag) Acquired By:  System 
Sample Type:  Standard Date Acquired:  15.06.2018 14:29:03 
Vial:  1 Acq. Method:  gradient1_0_55_25min 
Injection #:  4 Date Processed:  24.03.2020 14:09:31 
Injection Volume:  50,00 ul Channel Name:  2487Channel 1 
Run Time:  25,00 Minutes Channel Desc.:  226 

Sample Set Name:Column Type:     

A
U

%
 C

om
po

si
tio

n

0,00

0,10

0,20

0,30

0,40

0,50

0,00

20,00

40,00

60,00

80,00

100,00

Minutes

2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00

8,
97

5
9,

24
6

1

2

RT
(min)

Area
(µV*sec)

% Area
Height
(µV)

% Height

8,975

9,246

3904417

188377

95,40

4,60

515390

23872

95,57

4,43

Figure 5: HPLC analysis of L-Alanyl-γ-D-glutamyl-L-alanyl-D-alanine trifluoroacetate (5)
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Figure 6: HPLC analysis of N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-
glutamyl-L-alanyl-D-alanine (1). Note: compound 1 posesses an anomeric center and hence it exists as a

mixture of diastereomers: peaks at 9.47 and 9.77 min.
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Figure 9: N-Acetylglucosaminyl-β-(1-4)-N-acetylmuramoyl-L-Alanyl-γ-D-glutamyl-L-alanyl-D-ala-
nine (1). HRMS spectrum.
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