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Fig. S1-1. The electropherograms of the total protein preparations, isolated from P. sativum nodules, before (A) 
and after tryptic digestion (B). M denotes the molecular weight marker (Marker/Page Ruler #26619, Thermo fisher 
scientific, Bremen, Germany); 1–3: protein samples obtained from the root nodules of untreated SGE pea plants; 
4–6: protein samples obtained from the root nodules of PEG-treated SGE pea plants (i.e. those subjected to osmotic 
stress). The gels were stained with colloidal Coomassie G-250.
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Fig. S1–3. The numbers of individual Pisum sativum (A) and Rhizobium leguminosarum (B) proteins, identified in 
the control (C) and drought-treated (stressed, S) groups. The data were acquired by nanoHPLC-LIT-Orbitrap-MS 
operated in the positive DDA mode. Identification of peptides and annotation of proteins relied on Sequest search 
against P. sativum (Kreplak et al. 2019) and R. leguminosarum (Afonin et al. 2017) sequence databases in Proteome 
Discoverer 2.1 software with implementation of characteristic modification-specific increments.

Fig. S1-2. The numbers of individual Pisum sativum (A) and Rhizobium leguminosarum (B) peptides, identified in 
the control (C) and drought-treated (stressed, S) groups. The data were acquired by nanoHPLC-LIT-Orbitrap-MS 
operated in the positive DDA mode. Identification of peptides and annotation of proteins relied on Sequest search 
against P. sativum (Kreplak et al. 2019) and R. leguminosarum (Afonin et al. 2017) sequence databases in Proteome 
Discoverer 2.1 software with implementation of characteristic modification-specific increments.



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

4.
 T

an
de

m
 m

as
s s

pe
ct

ra
 o

f t
he

 m
/z

, c
or

re
sp

on
di

ng
 to

 th
e 

pe
pt

id
es

 o
f d

iff
er

en
tia

lly
 e

xp
re

ss
ed

 p
ro

te
in

s, 
pe

rf
or

m
ed

 a
ga

in
st

 a
 re

du
nd

an
t l

eg
um

e 
se

qu
en

ce
 

da
ta

ba
se

. S
pe

ct
ra

 a
re

 g
iv

en
 in

 o
rd

er
 c

or
re

sp
on

di
ng

 to
 th

e 
or

de
r 

of
 p

ro
te

in
s 

in
 T

ab
le

 2
. N

um
be

r 
of

 p
ep

tid
e 

sp
ec

tr
um

 m
at

ch
es

 (P
SM

) w
as

 c
al

cu
la

te
d 

by
 S

eq
ue

st
 

en
gi

ne
 in

 P
ro

te
om

e 
D

isc
ov

er
er

 2
.2

 so
ftw

ar
e.

Fi
g.

 S
1–

4.
1.

 p
sa

t0
s3

59
9g

01
20

.1
(1

 u
ni

qu
e 

pe
pt

id
e(

s)
, m

as
te

r p
ro

te
in

) V
Q

N
IA

A
D

AV
PD

LL
N

YF
K

, (
18

90
.9

95
99

 D
a,

 m
/z

 9
45

.9
98

42
), 

3 
PS

M
s

Fi
g.

 S
1–

4.
2.

 p
sa

t5
g1

00
00

0.
1(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) F
SA

SF
D

M
PG

FL
V

SE
LK

, (
17

74
.8

72
03

 D
a,

 m
/z

88
7.

93
67

2)
, 1

 P
SM

s

Fi
g.

 S
1–

4.
3.

 p
sa

t0
ss

11
96

g0
32

0.
1(

2 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) T
N

LV
M

V
FG

EI
TT

K
, (

14
52

.7
76

68
 D

a,
 m

/z
72

6.
88

96
0)

, 1
 P

SM
s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fi
g.

 S
1–

4.
4.

 p
sa

t0
ss

11
96

g0
32

0.
1 

(2
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) V

LV
N

IE
Q

Q
SP

D
IA

Q
G

V
H

G
H

FS
K

, (
24

17
.2

57
18

 D
a,

 m
/z

60
5.

06
80

6)
, 1

 P
SM

s

Fi
g.

 S
1–

4.
5.

 p
sa

t6
g1

52
12

0.
1 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) F

SA
SF

D
M

PG
FL

V
SE

LK
, (

12
34

.6
83

04
 D

a,
 m

/z
61

7.
84

31
7)

, 3
 P

SM
s

Fi
g.

 S
1–

4.
6.

 p
sa

t0
s2

41
g0

08
0.

1(
2 

un
iq

ue
 p

ep
tid

e(
s)

, m
as

te
r p

ro
te

in
) T

KG
V

V
V

LG
D

AT
LG

A
IH

IQ
K

, (
19

20
.1

27
97

 D
a,

 m
/z

48
0.

78
60

6)
, 4

 P
SM

s

Fi
g.

 S
1–

4.
7.

 p
sa

t0
s2

41
g0

08
0.

1(
2 

un
iq

ue
 p

ep
tid

e(
s)

, m
as

te
r p

ro
te

in
) G

V
V

V
LG

D
AT

LG
A

IH
IQ

K
, (

16
90

.9
85

03
 D

a,
 m

/z
56

4.
33

14
4)

, 2
 P

SM
s



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

4.
8.

 p
sa

t5
g0

86
44

0.
1 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) F

V
EE

SS
IP

LV
TI

FN
N

EP
SN

H
PF

V
V

K
,(2

84
3.

46
14

2 
D

a,
 m

/z
71

1.
61

87
2)

, 1
 P

SM
s

Fi
g.

 S
1–

4.
9.

 p
sa

t6
g1

98
16

0.
1(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) S
G

PY
G

Q
IF

RP
D

N
FV

FG
Q

SG
A

G
N

N
W

A
K

, (
28

14
.3

38
29

 D
a,

 m
/z

93
8.

78
13

4)
, 3

 P
SM

s

Fi
g.

 S
1–

4.
10

. p
sa

t6
g0

79
28

0.
1(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) F
A

N
IS

V
EN

TE
G

N
RR

, (
16

06
.7

93
21

 D
a,

 m
/z

80
3.

89
83

7)
, 3

 P
SM

s

Fi
g.

 S
1–

4.
11

. p
sa

t1
g1

43
04

0.
3 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) I

A
LT

D
N

SI
IE

Q
V

LG
K

, (
18

72
.9

04
79

 D
a,

 m
/z

80
7.

45
61

3)
, 4

 P
SM

s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fi
g.

 S
1–

4.
12

. p
sa

t6
g1

04
96

0.
1 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) V

LV
TG

A
A

G
Q

IG
YA

LV
PM

IA
R,

 (2
01

6.
13

10
4 

D
a,

 m
/z

67
2.

71
35

4)
, 1

 P
SM

s

Fi
g.

 S
1–

4.
13

. p
sa

t6
g1

47
20

0.
1 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) S

TG
FG

LI
YD

SV
EN

A
K

,(1
60

0.
78

53
3 

D
a,

 m
/z

80
0.

89
40

6)
, 1

 P
SM

s

Fi
g.

 S
1–

4.
14

. p
sa

t0
s3

13
9g

00
40

.1
 (1

 u
ni

qu
e 

pe
pt

id
e(

s)
, m

as
te

r p
ro

te
in

) Y
H

TK
G

D
A

A
LS

D
AV

RD
ET

K
A

K
, (

22
57

.1
82

29
 D

a,
 m

/z
56

5.
04

93
5)

, 2
 P

SM
s

Fi
g.

 S
1–

4.
15

. p
sa

t2
g0

39
64

0.
1(

3 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) G
M

FS
FL

K
D

SA
G

V
V

D
SP

K
, (

18
72

.9
04

79
 D

a,
 m

/z
62

4.
97

17
2)

, 4
 P

SM
s



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

4.
16

. p
sa

t2
g0

39
64

0.
1(

3 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) A
SG

EV
V

V
G

D
AT

LG
A

IH
IQ

K
, (

18
65

.0
12

70
 D

a,
 m

/z
62

2.
34

07
8)

, 1
1 

PS
M

s

Fi
g.

 S
1–

4.
17

. p
sa

t0
s2

41
g0

08
0.

1(
2 

un
iq

ue
 p

ep
tid

e(
s)

, m
as

te
r p

ro
te

in
) T

KG
V

V
V

LG
D

AT
LG

A
IH

IQ
K

, (
19

20
.1

27
97

 D
a,

 m
/z

48
0.

78
60

6)
, 4

 P
SM

s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fi
g.

 S
1–

5.
 T

an
de

m
 m

as
s s

pe
ct

ra
 o

f t
he

 m
/z

, c
or

re
sp

on
di

ng
 to

 th
e p

ep
tid

es
 id

en
tifi

ed
 in

 a 
se

ar
ch

, p
er

fo
rm

ed
 ag

ai
ns

t a
 re

du
nd

an
t l

eg
um

e s
eq

ue
nc

e d
at

ab
as

e. 
Sp

ec
tr

a 
ar

e 
gi

ve
n 

in
 o

rd
er

 c
or

re
sp

on
di

ng
 to

 th
e 

or
de

r o
f p

ro
te

in
s i

n 
Ta

bl
e 

2.
 N

um
be

r o
f p

ep
tid

e 
sp

ec
tr

um
 m

at
ch

es
 (P

SM
) w

as
 c

al
cu

la
te

d 
by

 S
eq

ue
st

 e
ng

in
e 

in
 P

ro
te

om
e 

D
isc

ov
er

er
 2

.2
 so

ftw
ar

e.

Fi
g.

 S
1–

5.
1.

 A
0A

1Q
8H

N
R1

 (1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) D

TA
LG

FN
FR

PV
TY

YD
G

Q
G

FM
V

R,
 (2

55
4,

21
83

5D
a,

 m
/z

85
2,

07
54

4)
, 4

 P
SM

s

Fi
g.

 S
1–

5.
2.

 A
0A

1Q
8H

6F
7(

3 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) D
FD

V
PF

A
H

TP
A

FV
G

SH
V

D
G

YD
SM

V
K

, (
27

38
,2

55
53

 D
a,

 m
/z

91
3,

42
08

4)
, 4

 P
SM

s

Fi
g.

 S
1–

5.
3.

 A
0A

1Q
8H

IJ
8 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) L

G
EL

PD
LA

G
FL

LK
, (

13
85

,8
03

88
 D

a,
 m

/z
69

3,
40

30
8)

, 3
 P

SM
s



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

5.
4.

 A
0A

1Q
8H

9E
9(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) T
FD

V
LN

PA
TG

EL
LA

SL
PD

M
G

A
A

ET
R,

 (2
58

9,
28

64
9 

D
a,

 m
/z

12
95

,1
42

97
), 

4 
PS

M
s

Fi
g.

 S
1–

5.
5.

 A
0A

1Q
8H

H
S1

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) V

D
V

V
YF

G
G

YH
PE

G
G

LL
A

R,
 (1

94
8,

99
15

7D
a,

 m
/z

65
0,

33
38

6)
, 3

 P
SM

s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fi
g.

 S
1–

5.
6.

 A
0A

1Q
8H

9C
5(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) V
A

A
II

IE
PV

Q
G

EG
G

FY
SA

PV
A

FM
K

, (
24

94
,3

05
04

 D
a,

 m
/z

12
47

,2
97

54
), 

4 
PS

M
s

Fi
g.

 S
1–

5.
7.

 A
0A

1Q
8H

6F
8(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) D
M

D
M

A
IN

N
PV

W
G

LY
D

A
R,

 (1
99

6,
88

91
6D

a,
 m

/z
99

8,
94

67
2)

, 4
 P

SM
s

Fi
g.

 S
1–

5.
8.

 A
0A

1Q
8H

EV
3(

3 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) I
SL

EN
IA

TG
FA

G
SM

D
A

D
YK

K
PG

Q
LN

N
R,

 (2
91

0,
44

14
3 

D
a,

 m
/z

97
0,

81
59

2)
, 4

 P
SM

s



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

5.
9.

 A
0A

1Q
8H

BE
8 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) T

RE
G

N
D

LY
YE

M
IE

SN
V

N
K

H
G

G
G

EG
SK

, (
28

84
,3

16
62

D
a,

 m
/z

72
1,

83
35

6)
, 4

 P
SM

s

Fi
g.

 S
1–

5.
10

. A
0A

1Q
8H

EV
3 

(3
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) F

V
EF

FG
PG

M
D

N
M

PL
A

D
R,

 (1
94

2,
88

26
2 

D
a,

 m
/z

97
1,

94
23

8)
, 4

 P
SM

s

Fi
g.

 S
1–

5.
11

. A
0A

1Q
8H

6F
7 

(3
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) S

EG
SV

PR
D

FD
V

PF
A

H
TP

A
FV

G
SH

V
D

G
YD

SM
V

K
, (

34
50

,6
05

93
 D

a,
 m

/z
86

3,
40

43
6)

, 4
 P

SM
s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fi
g.

 S
1–

5.
12

. A
0A

1Q
8H

EV
3 

(3
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) A

A
SP

A
G

AY
LI

D
H

D
VA

VA
D

FN
Q

YG
TR

, (
26

22
,2

58
30

 D
a,

 m
/z

87
4,

75
58

6)
, 4

 P
SM

s

Fi
g.

 S
1–

5.
13

. A
0A

1Q
8H

BN
9 

(1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) I

IE
ID

LN
K

TE
K

EA
FD

K
, (

19
06

,0
16

78
 D

a,
 m

/z
47

7,
25

81
9)

, 3
 P

SM
s

Fi
g.

 S
1–

5.
14

. A
0A

1Q
8H

6F
7 

(3
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) H

FK
EP

SS
V

V
SS

SM
TE

D
A

AV
FG

G
LK

, (
25

10
,2

23
16

D
a,

 m
/z

83
7,

41
05

8)
, 4

 P
SM

s



BIOLOGICAL COMMUNICATIONS, vol. 66, issue 3, July–September, 2021 | https://doi.org/10.21638/spbu03.2021.303	

PL
A

N
T 

SC
IE

N
CE

Fi
g.

 S
1–

5.
15

. A
0A

1Q
8H

JB
2(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r 
pr

ot
ei

n)
 A

A
A

A
G

G
H

AV
G

V
PF

TP
G

RT
D

A
A

EA
Q

TD
A

H
SF

A
A

LK
PR

, (
35

16
,7

73
09

 D
a,

 m
/z

70
4,

15
92

4)
, 

3 
PS

M
s

Fi
g.

 S
1–

5.
16

. A
0A

1Q
8H

LA
8(

1 
un

iq
ue

 p
ep

tid
e(

s)
, m

as
te

r p
ro

te
in

) A
AV

EE
G

IL
PG

G
G

VA
LL

RA
V

K
, (

19
20

,1
22

41
D

a,
 m

/z
48

0,
78

60
6)

, 2
 P

SM
s

Fi
g.

 S
1–

5.
17

. A
0A

1Q
8H

K
T2

 (1
 u

ni
qu

e 
pe

pt
id

e(
s)

, m
as

te
r p

ro
te

in
) N

RE
IM

G
AT

N
PA

N
A

D
EG

TI
RK

, (
21

74
,0

61
85

 D
a,

 m
/z

72
5,

35
73

0)
, 3

 P
SM

s



	 BIOLOGICAL  COMMUNICATIONS,  vol. 66,  issue 3,  July–September,  2021 | https://doi.org/10.21638/spbu03.2021.303

Fig. S1–6. Total numbers of oxidized (A) and glycated (B) peptides iden-
tified by nanoLC-MS-based proteomics analysis of pea (P. sativum) nod-
ule protein tryptic digests obtained from control (C) and PEG-treated 
(stressed, S) plants. The data were acquired by nanoHPLC-LIT-Orbitrap-
MS operated in the positive DDA mode. Identification of glycated pep-
tides and annotation of glycated proteins relied on Sequest search against 
pea (P. sativum) sequence database (Kreplak et al 2019) in Proteome Dis-
coverer 2.1 software with implementation of characteristic modification-
specific increments.

Fig. S1–7. Total numbers of peptides, identified as mono (A,D)-, doubly (B,E), triply (C,F) oxidized and kynurenin-
containing (G,F) at tryptophan residues by nanoLC-MS-based proteomics analysis of Pisim sativum (A-D) and Rhi-
zobium leguminosarum (E-H) nodule protein tryptic digests obtained from control (C) and PEG-treated (stressed, S) 
plants. The data were acquired by nanoHPLC-LIT-Orbitrap-MS operated in the positive DDA mode. Identification 
of glycated peptides and annotation of glycated proteins relied on Sequest search against pea (P. sativum, Kreplak et 
al 2019) and rhizobial (R. leguminosarum, Afonin et al. 2017) sequence database in Proteome Discoverer 2.1 soft-
ware with implementation of characteristic modification-specific increments.
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Fig. S1–9. Normalized abundance box plots corresponding to the rhizobial (Rhizobium leguminosarum bv. viciae) 
proteins identified as differentially regulated in presence of osmotic stress. Label-free quantification relied on the 
Progenesis QI software and ANOVA one-way dispersion analysis accomplished for integral protein content. The q 
values were obtained with one-way ANOVA dispersion analysis using Progenesis QI software.

Fig. S1–8. Total numbers of oxidized (A) and glycated (B) peptides iden-
tified by nanoLC-MS-based proteomics analysis of rhizobial (R. legumi-
nosarum) nodule protein tryptic digests obtained from control (C) and 
PEG-treated (stressed, S) plants. The data were acquired by nanoHPLC-
LIT-Orbitrap-MS operated in the positive DDA mode. Identification of 
glycated peptides and annotation of glycated proteins relied on Sequest 
search against R. leguminosarum sequence database (Afonin et al. 2017) 
in Proteome Discoverer 2.1 software with implementation of characteris-
tic modification-specific increments.
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Fig. S1–10. Normalized abundance box plots corresponding to the pea (Pisum sativum) proteins identified as dif-
ferentially regulated in presence of osmotic stress. Label-free quantification relied on the Progenesis QI software and 
ANOVA one-way dispersion analysis accomplished for integral protein content. The q values were obtained with 
one-way ANOVA dispersion analysis using Progenesis QI software.
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Table S1–1. Protein concentrations and yields acquired for the isolates obtained from the root nodules of the control 
and drought-treated pea plants

Name Concentration (mg/ml) SD % Freshweight (g)
Yields of the 

protein extraction 
(mg/g)

Control

1wt 2.27 0.54 23.84 0.073 31.2

2wt 1.84 0.38 20.42 0.069 26.6

3wt 1.37 0.15 11.21 0.056 24.4

Drought stress

1wt 2.62 1.00 38.37 0.084 31.2

2wt 1.72 0.46 26.95 0.0108 159.3

3wt 0.87 0.13 14.49 0.095 9.2


