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OBSERVED AND CALCULATED XF VALUES OF SEVERAL . 

SYNTHETIC PEPTIDES IN PAPER CHROMATOGRAPHY” 

THOMAS B. MOORE AND CARL G. BAKER** 

Laboratory of R~iocl~emistry, Nationnl Cancer Jn.stitlde, Na.tional Institutes of HealtJa, 
HealtJt Service, DepartmeM of HealtJt, Education, and Welfare, Bethesda, Md. (U.S.A.) 

The widespread use of paper chromatography in studies on peptides, particularly in 
protein-structure investigations, and the availability of large numbers of peptides in 
this Laboratory made it desirable to institute a systematic inquiry into the behavior 
of peptides in paper chromatography. In addition, data collected in such a study 
would supplement the estensive information on the properties of amino acids and 
peptides ,already *obtained in this Laboratoryl-5. 

Thechromatographic behavior of 88 synthetic peptides and zg amino acids was 
investigated in 15 solvent systems. For g of these solvent systems, comparisons were 
made between observed and calculated Xp values; the latter obtained by use of 
a method developed by PARDEE 8. From considerations of free energy relationships of 
the peptides and amino acids in respective solvent systems, PARDEE derived the 
following equation : 

RT In (r/RI> - I)~ = (N - 1),4 +B +CRTI~(I,/R~--~)A~ (I) 

where R is the molar gas constant (Cal. per degree), 1’, the absolute temperature, rb, the. 
number of amino acid residues in the peptide, and A and B are constants. The sub- 
scripts P and AA refer to peptide and amino acid, respectively. The constants A and 
B are evaluated from a plot of RT ln (I/RF - I)~ - c XT ln (I/RF - I)AA verszcs’ 
the number of peptide bonds, (rt - I), where A is the slope and B the intercept. For 
the determination of these constants, RF values obtained in the g solvent systems for 
33 dipeptides and II tripeptides were utilized. 

EXPERIMENTl\L 

The SS peptides and 29 amino acids employed had theoretical elemental analyses, and. 
the amino acids had optical rotation values in agreement with those in the litera- 

ture1~2+7. 

Whatman No. 4 chromatographic paper was used for all determinations. 

l Presented in preliminary form before the Division of Uiological Chemistry, American Chemical. 
Society, Cincinnati, Ohio, March zg-April 7, 1955. Abstvacts rz7tJt National Meeting, page 2Sc. 

* * Present aclclress: Office of the Director, National Institutes of Health. 
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Compositions of the 15 solvent mixtures employed are given 

515 

in Table I. 
The peptides and amino acids were dissolved in water at a 5.mmola.r concentration, 

except where low solubility did not permit this concentration, in which case a: 
saturated solution was used. The quantity of eachsolution applied to the paper was 
0.61 ml, except for the sarcosyl peptide solutions where 0.05 ml &as applied in 5 
portions, with drying between each application. The solutions were spaced at I-, 
inch intervals along a line I"/% inches from the bottom of 16 by 21 inch sheets of 
paper. Leucine and alanine were run on each sheet as standards, 

Ascending chromatograms were run overnight in museum jars at room temper- 
,atureQ, The sheets were dried zo’to 30 min in warm air, dipped in a 0.25~/~ solutioir of 
ninhydrin in acetonelO, and again dried in warm air to speed color development. 
.After treatment with ninhydrin, most of the glycyl peptides first appeared as yellow 
spots which gradually turned to a blue-purple color within IO to 20 min. The RF 
,values were determined at the middle of each spot with the aid of an elastic rulell., 
Each compound was run at least twice in each solvent mixture, and about 1/3 of them 
were run in triplicate. 

RESULTS AND DISCUSSION 

The RF values of the peptides and amino acids are shown in Table II. 
The Rp values of the glycyl and diglycyl peptides of the aliphatic amino acids 

increase with increasing amino acid chain length in all of the solvent mixtures, as do 
those of the free amino acids. The alanyl peptides of this series show a similar increase. 

The addition of one or more glycyl residues to a particular aliphatic amino acid 
has a variable effect on the RI; values. In solvent systems (B), (C) and (D), there is little 
change in the RF values, but in solvents (A), (H) and (J) there is a decrease in the RF 
values. In fihenzo,? (cityate) (E) the RF value decreases as one glycyl residue is added, 
but increases when two glycyl residues are added. In the $hevtoZ solvent system (F), 
the RF values generally increase when one or two glycyl residues are added to aliphatic 
amino acids. 

Examination of groups of aliphatic compounds with equal numbers of carbon 
atoms reveals a decrease in Rp values for all solvent mixtures as the number of peptide 
bonds increases, but the location of the bond within the molecule has no effect on the 
migration rate. For esample, the six-carbon dipeptides, glycyl-L-amino&-butyric 
acid and alanylalanine, move slower than norleucine and faster than glycylglycyl- _ 

glycine, but there is no difference in RF, values for the two different dipeptides. 
‘There is no significant difference in the SP values for DL, L, and D stereoisomers 

except for the cystinylcystine peptides. &-Cystinyl-o-cystine has the same value , 
as D-cystinyl-L-cystine, but r.-cystinyl-L-cystiize moves much faster than the other 
two isomers, in all 15 systems. Earlier work12 indicates that the L-L isomer employed 
was the monomeric cyclo+cystinyl (monopeptide) and the L-D and D-L isomers, the 
dimeric cystinyl-cystine (dipeptide) . 

References p. 520. 



C
ly

cy
lg

ly
&

ne
 

Co
ba

lc
co

mp
le

; o
fg

ly
cy

lg
ly

ci
ne

 
G$

cy
ls

ar
co

si
n&

 
OL

-A
lR

ny
lg

ly
ci

ne
 

0-
Al

an
yl

gl
yc

in
e 

DL
- 
lm

uc
yl

gl
yc

in
e 

L-
y_

Cl
ut

nm
yl

gl
yc

in
e 

Cl
yc

yl
-D

L-
al

an
ni

nc
 

Cl
yc

yl
-L

-a
la

ni
ne

 
Cl

yc
yl

de
hy

dr
oa

ls
in

e 
Co

b&
co

mp
le

x 
oT

gl
yc

yl
de

hy
dr

oa
la

ni
ne

 
Ss

rc
os

yl
-D

L-
al

an
in

e 
Si

uc
os

yl
de

by
dm

oa
la

ni
nr

 
DL

-A
hi

ny
t-

L-
al

an
in

e 
L-

Al
an

yl
-D

-a
la

ni
ne

 
o-

Al
an

yl
-I

_-
al

an
in

e 
D

-b
hn

yl
-D

-a
la

ni
ne

 
L-

Al
an

yl
de

hy
dr

oa
Ia

ni
ne

 
a-

L-
Cl

ub
xm

yl
-L

-a
la

ni
ne

 
y-

L-
Cl

uL
am

yl
-&

al
aa

in
e 

Cl
yc

yl
-L

-s
er

in
e 

Gl
yc

yl
-D

-s
er

in
e 

Sa
rc

os
yl

-a
-a

mi
no

-$
- 

me
~y

la
mi

no
pr

op
io

ni
ca

ci
d*

HC
I 

Cl
yc

yl
-a

-a
mi

no
is

ob
ui

ic
ac

id
 

Cl
yc

yl
-D

L-
a_

am
in

ob
ut

~T
ic

 ac
id

 
Cl

yc
yl

-L
-a

-a
mi

no
-n

-b
ut

@c
ac

id
 

L-
Al

ao
yl

-L
-a

-a
mi

no
-n

-b
ut

}?
ic

 
ac

id
 

o-
X

la
ny

l-
r-

a-
am

in
o-

n-
bu

i)
lic

 
ac

id
 

C
ly

cy
l-

L
-t

ko
ni

ne
 

G
iy

cy
l-

D
-v

al
in

e 
G

ly
cy

ld
eh

dr
ov

al
in

e~
 

S-
D

im
et

hy
lg

ly
cy

l-
a-

am
in

o_
B

 
di

m
e~

hy
la

m
in

o~
op

io
ni

c 
ac

id
 

C
ly

cy
l-

L
-i

so
va

lin
e 

G
ly

cy
l-

D
-i

so
va

lin
e 

G
ly

cy
ls

,a
di

et
hy

lg
ly

ci
ne

 
Cl

yc
yl

-D
-n

ow
al

in
e 

Gl
yc

yl
de

hy
dr

on
ar

va
~i

ne
 

L-
Al

an
&L

-n
or

va
li

ne
 .

 
D-

Ah
xn

yl
-L

-n
or

va
li

ue
 

C
ly

cy
l-

D
L

-l
eu

ci
ne

 
Cl

~c
~l

-L
-l

eu
ci

ne
 

C
Iy

cy
N

eb
yd

ro
Ie

uc
in

e 
u-

Gl
ul

am
yl

-L
-l

eu
ci

ae
 

Cl
yc

yl
-D

L-
is

ol
eu

ci
ne

 
'.

 G1
yc

yl
.L

.i
so

le
uc

in
e 

GS
yc

yl
~D

~i
so

le
uc

ia
e 

Cl
yc

yl
-L

-a
:f

oi
so

le
uc

in
e 

Cl
yc

yl
de

hy
dr

oi
so

le
uc

in
e 

C
ly

cy
l-L

-n
ar

le
uc

is
e 

ct
yc

yl
-D

sa
+e

uc
ia

e 
C

ly
C

yl
-D

L
.U

-a
m

is
o-

n-
C

ap
ry

liC
 ac
id

 
- 
Ct

yc
yl

de
hy

dr
op

he
ay

Ia
la

ni
ne

 
Sa

rc
ca

yl
-D

L-
ph

en
yl

al
aa

in
e 

Sa
re

m
yl

de
by

dr
op

be
ny

la
la

ni
ne

 
~y

l-
N

-~
ls

yf
gl

yc
yI

~e
h~

~ 
ph

s@
&

lll
In

C
 

or
-A

ls
ay

l-
iL

-p
he

ny
ln

la
ni

ne
 

AL
-C

lu
~y

l-
L-

eb
ea

yl
al

an
in

e 

. 
A

 
-0

 
C

 
D

 
E 

F 
c 

H 
I 

J 
K 

L 
M 

N 
0 

Fo
rm

ix
 B
ut

sn
ol

-A
ce

ti
c E
uO

lk
Ac

et
ic

 P
BA

 
Ph

en
ol

 
Ph

en
ol

 (1
11

0)
 

77
z 

70
% 

wi
lt

: 
1:

1:
5 

6.
Tt

k2
.5

 
fc

il
ra

le
,_

(N
aC

N & 
NI

I3
 
:m

*C
Es

ol
 

(N
M)

 a
tm

os
.)

 G
tb

sn
ol

 P
ro

pn
no

l 
C:

lO
II

 TR
li

 
ke

to
ne

- 
P,

wi
di

ne
 P
wi

di
ne

- 
Pr

op
an

al
- 

Ur
ea

 
-A

m
yI

 
NH

3 
z 

0.
32

 
0.

04
 

0.
42

 i K
6 

0.
75

 
0.

35
 

0.
46

 
0.

47
 

0.
50

 
0.

00
 

0.
53

 
0.

63
 

0.
61

 
0.

57
 

0.
56

 
0.

57
 

0.
64

 
0.

53
 

0.
40

 
0.

27
 

0.
27

 

0.
22

 
0.

12
 

0.
04

 
0.

02
 

0.
17

 
0.

11
 

0.
23

 
0.

16
 

0.
93

 
0.

17
 

0.
54

 
0.

53
 

0.
15

 
0.

12
 

0.
25

 
0.

19
 

0.
30

 
0.

21
 

0.
29

 
0.

20
 

0.
00

 
0.

00
 

0.
25

 
0.

13
 

0.
35

 
0.

27
 

0.
39

 
0.

31
 

0.
38

 
0.

27
 

0.
38

 
0.

26
 

0.
36

 
0.

28
 

0.
39

 
0.

28
 

0.
25

 
0.

25
 

0.
20

 
0.

19
 

0.
11

 
0.

08
 

0.
18

 
0.

08
 

0.
27

 
0.

31
 

0.
06

 
0.

23
 

0.
41

 
0.

68
 

0.
41

 
0.

53
 

0.
34

 
0.

57
 

0.
66

 
0.

68
 

0.
23

 
0.

18
 

0.
36

 
0.

54
 

0.
44

 
0.

50
 

0.
32

 
0.

41
 

0.
00

 
0.

24
 

0.
55

 
0.

83
 

0.
55

 
0.

81
 

0.
55

 
0.

68
 

0.
50

 
0.

66
 

0.
48

 .
 
0.

64
 

0.
50

 
0.

65
 

0.
45

 
0.

61
 

0.
39

 
0.

32
 

0.
38

 
0.

33
 

0.
15

 
OS

S 
0.

16
 

0.
29

 

0.
40

 
0.

14
 

0.
56

 
0.

61
 

0.
43

 
0.

64
 

0.
51

 
0.

62
 

0.
61

 
0.

78
 

0.
56

 
0.

72
 

0.
20

 
0.

41
 

0.
54

 
0.

64
 

0.
54

 
0.

65
 

ar
ma

s.
) 

0.
61

 
0.

32
 

0.
80

 
0.

69
 

0.
70

 
O.
EX
 

0.
*X

? 
0.

72
 

0%
 

0.
67

 
0.

42
 

0.
U 

0.
92

 
0.

78
 

0.
79

 
0.

76
 

0.
76

 
0.

78
 

0.
48

 
0.

42
 

0.
52

 
0.

54
 

0.
15

 
0.

02
 

0.
44

 
0.

25
 

0.
30

 
0.

56
 

0.
04

 
0.

30
 

0.
25

 
0.

22
 

0.
00

 

0.
1.

9 
0.

21
 

0.
05

 
0.

19
 

0.
59

 
0.

24
 

0.
21

 
0.

00
 

0.
06

 
0.

68
 

0.
M

 
o.

xl
 

0.
05

 
0.

18
 

0.
73

 
0.

32
 

0.
28

 
0.

06
 

0.
29

 
0.

68
 

0.
3.

. 
0.

35
 

0.
06

 
0.

25
 

0.
68

: 
0.

61
 

0.
63

 
0.

23
 

0.
60

 
0.

93
 

0.
16

 
0.

18
 

0.
02

 
0.

05
 

0.
63

 
0.

28
 

0.
35

 
0.

06
 

0.
26

 
0.

70
 

0.
2i

 
0.

28
 

0.
07

 
0.

28
 

Il
.6

7 
0.

32
 

0.
30

 
0.

0%
 

0.
39

 
0.

79
 

0.
36

 
0.

27
 

0.
04

 
0.

04
 

0.
78

 
0.

41
 

0.
35

 
0.

05
 

U.
30

 
0.

68
 

0.
41

 
0.

40
 

0.
12

 
0.

48
 

OS
6 

0.
42

 
0.

34
 

0.
10

 
0.

36
 

0.
66

 
0.

41
 

0.
46

 
0.

10
 

0.
32

 
0.

74
 

0.
38

 
0.

46
 

0.
10

 
0.

31
 

0.
72

 
0.

40
 

0.
43

 
0.

09
 

0.
31

 
0.

74
 

0.
47

 
0.

41
 

6.
13

 
0.

50
 

0.
67

 
0.

24
 

0.
10

 
0.

04
 

0.
08

 
0.

63
 

0.
22

 
0.

21
 

0.
03

 
0.

05
 

0.
66

 
0.

18
 

0.
26

 
0.

03
 

0.
17

 
0.

66
 

0.
19

 
0.

?5
 

0.
03

 
0.

17
 

U
.6

1 

-\
!i

x 

0.
46

. 
0.

52
 

0.
49

 
0.

63
 

'0
.5

3 
0.

75
 

0.
52

 
0.

51
 

0.
60

 
0.

53
 

0.
63

 
0.

59
 

0.
64

 
0.

71
 

0.
63

 
0.

59
 

0.
63

 
0.

66
 

0.
54

 
0.

58
 

0.
45

 
0.

43
 

0.
20

 
0.

19
. 

0.
21

. 
0.

29
 

0.
27

 
0.

59
 

0.
16

 
0.

26
 

0.
27

 
0.

30
 

0.
31

 
0.

21
 

0.
36

 
0.

34
 

0.
33

 
0.

33
 

0.
32

 
0.

49
 

0.
16

 
0.

20
 

0.
21

 
0.

22
 

0.
41

 
Q\

 

0.
26

 
0.

43
 

0.
49

 
0.

52
 

0.
74

 
0.

25
 

0.
51

 
0.

48
 

0.
52

 
0.

39
 

0.
54

 
0.

68
 

0.
57

 
0.

59
 

0.
57

 
0.

57
 

0.
66

 
0.

28
 

0.
28

 
5 

0.
41

 
0.

41
 

P 

0.
21

 
0.

54
 

0.
61

 
0.

56
 

0.
71

 
0.

69
 

0.
35

 

::
: 

0.
10

 
0.

05
 

0.
40

 
0.

31
 

0.
32

 
0.

26
 

0.
39

 
0.

30
 

0.
50

 
0.

45
 

0.
45

 
0.

42
 

0.
24

 
0.

12
 

0.
43

 
0.

41
 

0.
40

 
0.

33
 

0.
89

 
OS

2 
6.

80
 

0.
41

 
0.

74
 

0.
40

 
0.

82
 

0.
38

 
0.

86
 

0.
53

 
0.

82
 

0.
52

 
0.

66
 

0.
16

 
0.

62
 

0.
45

 
0.

85
 

0.
49

 

0.
22

 
0.

21
 

0.
04

 
0.

18
 

0.
29

 
0.

37
 

0.
42

 
0.

09
 

0.
35

 
0.

69
 

0.
35

 
0.

42
 

0.
08

 
0.

26
 

0.
75

 
0.

41
 

0.
44

 
0.

10
 

0.
34

 
0.

74
 

0.
55

 
0.

48
 

0.
12

 
0.

37
 

0.
80

 
0.

51
 

0.
50

 
0.

15
 

0.
37

 
0.

74
 

0.
24

 
0.

32
 

0.
04

 
0.

21
 

0.
71

 
0.

46
 

0.
48

 
0.

13
 

0.
43

 
0.

74
 

0.
29

 
0.

35
 

0.
08

 
0.

32
 

0.
83

 

0.
27

 
0.

22
 

0.
61

 
0.

30
 

0.
58

 
0.

31
 

0.
6;

 
03

2 
0.

72
 

0.
44

 
0.

65
 

0.
41

 
0.

50
 

0.
26

 
0.

68
 

0.
43

 
0.

49
 

0.
29

 

0.
48

 
z 

0.
56

 
0"

 
0.

57
 

0.
55

 
0.

65
 

fl
 

0.
64

 
9 

0.
48

 
0.

58
 

? 
0.

58
 

0.
26

 
0.

10
 

0.
71

 
0.

75
 

0.
69

 
0.

20
 

0.
09

 
0.

61
 

0.
49

 
0.

41
 

0.
57

 
0.

68
 

0.
84

 
0.

50
 

0.
63

 
0.

50
 

0.
44

 
0.

58
 

0.
64

 
0.

86
 

0.
48

 
0.

72
 

0.
61

 
0.

50
 

0.
63

 
0.

76
 

0.
85

 
0.

59
 

0.
64

 
0.

49
 

0.
45

 
0.

54
 

0.
65

 
0.

84
 

0.
51

 
0.

58
 

0.
46

 
0.

43
 

0.
54

 
0.

65
 

0.
84

 
0.

49
 

0.
79

 
0.

60
 

0.
58

 
0.

69
 

0.
84

 
0.

88
 

0.
64

 
0.

77
 

0.
57

 
0.

52
 

0.
63

 
0.

76
 

0.
86

 
0.

61
 

0.
72

 
0.

61
 

0.
56

 
0.

66
 

0.
73

 
0.

85
 

0.
58

 
0.

73
 

0.
61

 
0.

57
 

0.
66

 
0.

70
 

0.
66

 
0.

57
 

0.
65

 
0.

58
 

0.
55

 
0.

63
 

0.
70

 
0.

87
 

0.
55

 

04
70

 
0.
64
 

0.
60

 
0.

65
 

0.
52

 
0.

63
 

0.
20

 
0.

74
 

0.
60

 
0.

53
 

0.
69

 
0.

69
 

0.
84

 
0.

52
 

0.
74

 
0.

63
 

0.
55

 
0.

64
 

0.
71

 
0.

86
 

0.
57

 
0.

73
 

0.
62

 
0.

54
 

0.
63

 
0.

71
 

0.
87

 
0.

55
 

0.
71

 
0.

59
 

0.
54

 
0.

63
 

0.
72

 
0.

83
 

0.
56

 
0.

64
 

0.
51

 
0.

49
 

0.
62

 
0.

69
 

0.
88

 
0.

60
 

0.
72

 
0.

65
 

0.
59

 
0.

65
 

0.
73

 
0.

66
 

0.
60

 
0.

12
 

0.
61

 
0.

54
 

0.
64

 
0.

73
 

0.
84

 
0.

58
 

0.
66

 
0.

71
 

0.
63

 
O.

iO
 

Ox
l 

0.
89

 
0.

65
 

0.
59

 
0.

52
 

0.
43

 
0.

58
 

0.
67

 
0.

85
 

0.
54

 
0.

70
 

0.
50

 
0.

42
 

0.
74

 
0.

80
 

0.
81

 
0.

77
 

0.
66

 
0.

55
 

0.
47

 
0.

75
 

0.
85

 
0.

85
 

0.
49

 

0.
41

 
0.

29
 

0.
09

 
0.

47
 

0.
?9

 
0.

47
 

0.
48

 
0.

13
 

0.
45

 
0.

78
 

0.
46

 
0.

49
 

0.
13

 
0.

44
 

0.
77

 
0.

50
 

0.
53

 
0.

18
 

0.
52

 
0.

87
 

0.
47

 
0.

51
 

0.
13

 
0.

45
 

O.
iP

 
0.

36
 

0.
39

 
0.

10
 

0.
40

 
0.

85
 

0.
62

 
0.

58
 

0.
21

 
0.

49
 

0.
80

 
0.

56
 

0.
60

 
0.

21
 

0.
48

 
0.

84
 

0.
57

 
0.

63
 

0.
19

 
0.

53
 

0.
82

 
0.

52
 

0.
59

 
0.

23
 

0.
54

 
0.

77
 

0.
43

 
0.

52
 

0.
23

 
0,

54
 

0.
87

 
0.

63
 

0.
66

 
0.

19
 

0.
20

 
0.

80
 

0.
51

 
0.

23
 

0.
52

 
0.

71
 

0.
52

 
0.

58
 

0.
20

 
0.

53
 

0.
80

 
0.

53
 

0.
58

 
0.

20
 

0.
52

 
0.

81
 

0.
53

 
0.

57
 

0.
20

 
0.

54
 

0.
79

 
0.

34
 

0.
44

 
0.

14
 

0.
42

 
0.

84
 

0.
57

 
0.

63
 

0.
21

 
0.

58
 

0.
83

 
0.

57
 

0.
63

 
0.

20
 

0.
57

 
0.

83
 

0.
59

 
0.

74
 

0.
40

 
0.

66
 

0.
90

 
0.

36
 

0.
52

 
0.

24
 

0.
56

 
0.

89
 

0.
52

 
0.

57
 

0.
22

 
0.

53
 

0.
60

 
0.

50
 

0.
52

 
0.

42
 

0.
62

 
0.

81
 

0.
67

 
0.

33
 

0.
64

 
0.

38
 

0.
63

 
0.

41
 

0.
70

 
0.

54
 

0.
65

 
0.

44
 

0.
57

 
0.

36
 

0.
74

 
0.

53
 

0.
69

 
0.

50
 

0.
70

 
0.

55
 

0.
70

 
0.

55
 

0.
61

 
0.

48
 

0.
73

 
0.

35
 

0.
69

 
0.

49
 

0.
71

 
0.

54
 

0.
69

 
0.

54
 

0.
7c

 
0.

52
 

0.
51

 
0.

37
 

0.
69

 
0.

57
 

0.
70

 
0.

57
 

0.
71

 
0.

65
 

0.
55

 
0.

55
 a

 
0.

67
 

0.
60

 
0.

63
 

0.
49

 

0.
70

 
0.

64
 

0.
63

 
E 

0.
76

 
0.

59
 

0.
39

 
0.

78
 

0.
90

 
0.

92
 

0.
75

 
0.

76
 

0.
62

 
0.

55
 

0.
72

 
0.

76
 

0.
87

 
0.

62
 

0.
73

 
D.

62
 

0.
56

 
0.

62
 

0.
51

 
0.

64
 

0.
16

 

0.
48

 
0.

57
 

0.
31

 
0.

59
 

O-
R8

 
0.

67
 

0.
52

 
0.

59
 

0.
30

. 
0.

56
 

0.
83

 
0.

72
 

0.
35

 
0.

31
 

0.
09

 
0.

20
 

0.
84

 
0.

68
 

0.
64

 
0.

60
 

0.
70

 
0.

64
 

0.
60

 
0.

71
 

0.
71

 
0.

72
 

0.
71

 
0.

65
 

0.
50

 
0.

70
 

0.
70

 
0.

69
 

0.
71

 
c 

0.
59

 
0.

74
 

? 

0.
74

 
w 

0.
81

 
0.

70
 

';
;‘

 

0.
64

 
a Ln

 
0.

70
 

co
 

0.
78

 



61’0 

S
B
‘
O
 

98’0 
9bO

 
ltt.0 
esQ

 
et-0 
99’0 
s)‘o 
Z

5.Q
 

14’0 
5
9
‘
0
 

21’0 
9S

O
 

EL’0 

L
5
'
0
 

esv 
E

L.4 
5L’O

 

LB
’0 

L
B
'
0
 

ES0 

ZL’O
 

Lt.0 

59’0 
t9.0 

O
S

0 
S
F
'
0
 

8Z.O
 

O
F

’0 
ES0 

IS
0 

Z
E

’Q
 

O
S
.
0
 

IS0 
88’0 
9
9
‘
0
 

95’0 
L)‘O

 
5B

’Q
 

C
L’0 

W
’O

 
&

W
O

 
11’0 
ZL’O

 
9,‘V 
PE’O

 
W

V 
81’0 
W

O
 

ee’o 
I#‘0 
W

O
 

W
O

 
99’0 
W

’O
 

19’0 
IB

’O
 

0e.0 
B

E‘0 

1
1
'
0
 

e1.0 
69‘0 
LT.0 
91’0 
11‘0 
%

$‘O
 

tlm
O

 
LTQ

 
ZF’O

 
LB

‘4 
99‘0 
9S‘o 
ES0 
FFQ

 
99.0 
%

m
J 

Q
9’4 

‘C
S‘O

 
!I)‘0 
Q

L’U
 

‘39’5 
19’0 
92’0 
19‘0 
1)‘O

 
9’2’0 
SE’0 
PC

4 
1TO

 
IZ.0 
91’0 
01’0 
rr.4 
w

o 
LE.0 
B

S’O
 

82‘0 
EZ’O

 
69’0 
99’0 
52’0 
O

F‘0 
8SO

 
14.0 
O

VV 
IG

’O
 

e9’0 
B

D
‘O

 
PI.0 
ST’0 
50’0 
21’0 
W

O
 

29’0 
99’0 
%

I’0 
60‘0 
60’0 
em

 

O
C

’O
 

EG
O

 
C

JS
’O

 
t9.0 
t,‘ll 
O

G
O

 
C

l’0 
L1.0 
88’0 
Z

9’0 
2
9
'
0
 

L
V
O
 

tso 
19’0 
89’0 
U

S0 
W

‘O
 

Lk’O
 

Sk’0 
8k.O

 
09’0 
tL’0 
O

L‘O
 

M
-0 

IL.0 
98’0 
era 
SE’0 
ITO

 
PE‘O

 
LE.0 
6z’O

 
PI‘0 
WI7 

Err0 
ZL’O

 
SS’O

 
W

O
 

ZS’Q
 

99‘0 
ZL’Q

 
ZP’O

 
W

O
 

W
,‘O

 
11’0 
?E’4 
ova 
59’0 
09’0 
Eli’0 
ZE’O

 
t1.0 
LZ‘O

 
99’0 
69’0 
Q

SO
 

69’4 
em

 
Sl’O

 
ES’0 

O
S
Q
 

90’0 
44.0 

IE’O
 

SO
’0 

ZO
’O

 
91’0 

IW
O

 
9Z.O

 
W

O
 

SO
’Q

 
eo’o 

W
O

 
PO

’0 
w

o 
61’0 

01‘0 
PO

’0 
81’0 

60’0 
?o’O

 
SI’O

 
stro 

90’0 
IS’0 

em
 

81.4 
IS’0 

81‘0 
B

O
’O

 
69’0 

Se’0 
PI’0 

99’0 
19’0 

01’0 
Lk’O

 
IU

D
 

PO
’0 

6L’O
 

W
O

 
P2’0 

Lk’O
 

t9.0 
PE’Q

 
IL’0 

8)‘O
 

El.0 
O

S.0 
W

O
 

90’4 
00’0 

LP’O
 

LE.0 
B

L’O
 

t9’5 
Ilr‘O

 
)L’O

 
B

S’O
 

hw
t 

16’4 
IL’0 

W
O

 
4FO

 
?#O

 
P9.Q

 
08.0 

W
O

 
W

O
 

89’4 
O

r0 
31’0 

PL’Q
 

6e’O
 

w
a 

88’0 
66.0 

81’0 
99’4 

w
a 

PI’4 
68’0 

92’0 
91’0 

W
Q

 
21’0 

80’0 
- 

er’o 
tw

o 
W

’O
 

91’0 
u)‘O

 
LC

’O
 

60’0 
IW

O
 

IS’0 
SW

0 
!W

O
 

98’0 
SC

’4 
60’0 

38’0 
09’0 

11’0 
99‘0 

19’0 
91’0 

08.0 
etio 

60’0 
O

L’O
 

Lfw
 

40’0 
FL.0 

SC
0 

10’0 
EB

‘D
 

B
Y0 

iI’0 
98’0 

C
S‘O

 
LC’O

 
EC.4 

zz’0 
M

’O
 

EL’0 
W

O
 

M
’O

 
LB

’0 
ii.8 

eC
’o 

193 
I 

&
I’0 

91’0 
LZ’O

 
C

o‘0 
89’0 

IZ’O
 

eo.0 
15’0 

B
e.0 

60’0 
EB

’O
 

EO
’O

 
ZQ

’O
 

ZS’O
 

Lo’0 
SD’0 

09’0 
EC’0 

90’0 
Se‘0 

El’0 
20’0 

IV0 
90’0 

10’0 
18’0 

op’o 
PI’0 

9x4 
1.3’0 

61’0 
Z%

.O
 

Q
E’O

 
PI’0 

O
S’4 

IF.4 
ZI‘O

 
Xr’O

 
EC

’0 
ZO

’O
 

O
F.0 

90’0 
ZV’O

 
EL’0 

Z1’4 
81’0 

11’0 
61.0 
IP‘O

 
O

S0 
PI’0 
91’0 
EI’O

 
es.0 
W

O
 

B
E‘0 

IW
O

 
S)‘O

 
09’0 
W

O
 

19‘0 
am

 
Liz’0 
88‘0 
18‘0 
09’0 
LB

’0 
N

O
 

?L‘O
 

B
E’0 

09’0 
9)‘o 
88’5 
SE.0 
6E’O

 
reo 
SF4 
et.4 
91’0 
Z,‘Q

 
(9’0 
B

P’0 
W

O
 

to’0 
W

O
 

ITO
 

48’0 
90’0 
sg‘o 
89’0 
69.0 
PK

O
 

SC
0 

St’0 
II.0 
02 

0 
ez’o 
80’0 
90’0 
09’0 
E)‘O

 
CC.0 
L? 0 
CC’4 
ZI 

4 
0u 

0 

11’0 
P

O
’0 

B
E.0 

41‘0 
00’0 

$
0
'
0
 

S
O

.0 
14’0 

ZI’O
 

30’0 
Z

C
’O

 
EC

0 
80’0 

C
O

’0 
SO

’0 
LO

’0 
SC

‘0 
5
9
'
0
 

EB
‘O

 
LL’O

 
LSO

 
9P

’O
 

5VO
 

69’0 
ZC

O
 

C
O

’0 
SG

Q
 

t1.4 
bz’4 

Lt’o 
LI 

4 
%

b’O
 

O
Z‘V 

O
W

O
 

6I 
‘0 

R
O

‘O
 

01.0 
60’0 

la,‘4 
IE’V 

Z1’0 
9)‘o 

LB
.0 

W
O

 
SF0 

90’0 
w

n 
Z2’0 

$1’0 
O

P
.0 

SL’D
 

LP’V 
ct’u 

LO
’Q

 
IW

O
 

91 
0 

2t.a 
1.93 

B
8’4 

69’4 
W

’O
 

80’0 
Q

l’4 
FE’0 

Lt.0 
W

Q
 

21’5 
IS.4 

2x0 
R

D
’D

 
Q

<‘V 
Yt’o 

O
P.0 

Zb’Q
 

89‘4 
Se-5 

38’0 
VI‘V 

11 
0 

B
C

’U
 

6P’V 
FL’0 

W
Q

 
98’0 

SO
’IJ 

FZ.4 
LZW

 
W

V 
6lT.D

 
EC

’0 
9L’O

 
O

k’0 
49’4 

w
 

0 
PP‘D

 
69 

5 
19’0 

98‘4 
EQ

‘O
 

Q
l’O

 
LS.0 

59’” 
L”‘4 

R
9‘0 

EP‘O
 

IF0 
H

O
 

69’4 
se.0 

D
E4 

FE’0 
6p’V 

l.9’0 
ZL.0 

9S.o 
$8’0 

B
B

’O
 

w
4 

E‘FV 
)L’Q

 
E)‘V 

tco 
,P’D

 
%

i’O
 

SC
0 

91‘4 
LI.4 

PC
’Q

 
m

 
‘0 

O
C

’O
 

PI’0 
eve 

6I’Q
 

21’0 
31’0 

W
V 

W
Q

 
89‘0 

PB
’O

 
<8‘0 

W
O

 
89’0 

89‘0 
zr4 

<‘x5 
t9 0 

ea.4 
B

L’O
 

41’0 
69’0 

ts.0 
8k’O

 
89‘0 

L9’0 
SL’O

 
91’0 

W
V 

Le.0 
9,‘o 

EL3 
C

L’0 
W

O
 

88’0 
W

V 
08’0 

Q
L’O

 
LL’Q

 
m

’V 
or0 

Lt.-O
 

W
O

 
98’0 

kL’0 
8W

Q
 

IL.0 
06’0 

LS.0 
C

L’0 
99’4 

W
O

 
O

k’0 
B

P’0 
ego 

LB
’0 

9v4 
69’0 

19’0 
18’0 

ew
e 

SE’0 
Q

)‘Q
 

5B
’u 

CS’Q
 

O
S’0 

18’0 
6L‘O

 
EW

O
 

W
O

 
W

O
 

08’0 
19’0 

LV‘O
 

SL’O
 

IL’0 
W

V 
oi?o 

w
z.4 

69x3 
op’o 

8E’O
 

08’0 
99-O

 
SE’0 

Q
Z’Q

 
86.0 

IS’4 
Pd.0 

29.0 
Lt’O

 
tt‘0 

?XO
 

60’0 
81’0 

k5.0 
O

F’0 
PI’0 

09.0 
O

I’O
 

m
o 

EI 
‘4 

11’0 
I)‘0 

et.0 
zt’0 

C
L’0 

SB’O
 

St’0 
PO

’0 
90’0 

21‘4 
LC’O

 
W

O
 

EL’0 
8p‘O

 
W

O
 

W
V 

ZC’O
 

91’0 
SO

’0 
BP’0 

SD’0 
FC’O

 
Q

t.0 
90’0 

80’0 
91’0 

VW
0 

90’0 
zB

’0 
et.0 

60’0 
LW

O
 

90’0 
LO

’0 
FTO

 
99’0 

18‘0 
*L’0 

89’0 
PK

.0 
9t’O

 
(9‘0 

El’0 
era 

W
’O

 
W

Q
 

W
D

 
I)‘0 

Cw
o 

Fg’O
 

99.0 
Lg’O

 
SK

0 
ZB

’O
 

SW
0 

LC
’O

 
*S’O

 
PP’O

 
B

IT’0 
O

S’0 
SB

’O
 

PL’O
 

B
P’0 

C
Z‘O

 
E9’0 

19‘0 
82’0 

LE’O
 

C
C

0 
ID

.0 
B

E’0 
C

I‘O
 

ZE’O
 

B
P0 

W
O

 
W

O
 

IB
’O

 
LP’O

 
%

f’O
 

or’5 
92’0 

LE’O
 

)*‘a 
49‘0 

W
O

 
SC

5 
10’0 

SE’0 
LI’O

 
ES‘0 

LE.0 
IS.4 

89’0 
9L’Q

 
C

B
’4 

L,‘Q
 

BE’0 
w

a 
860 

W
V 

11’0 
89’0 

SPO
 

et.0 
W

I’0 
90’0 

W
O

 
FE’0 

6L’O
 

69’0 
Q

K
O

 
et.0 

E7;‘O
 

SO
’0 

69’0 
LS’O

 
88’0 

8k’O
 

89’0 
era 

69’0 
9B

‘Q
 

ES0 
O

S.0 
SE’0 

zS+0 
LB

’0 
W

O
 

O
S’0 

99’0 
92’0 

W
V 

$1: 
z9.0 

Ee’4 
FI’4 

oz.0 
ee’o 

91’4 
27r’Q

 
w

-0 
zE‘a 

W
O

 
91’0 

W
V 

LE.0 
LZ’O

 
tL’0 

09’0 
Iv0 

Ze.0 
C

b.0 
O

F’0 
91’4 

O
O

‘O
 

01’0 
Lo‘0 

W
O

 
IZ’O

 
W

Q
 

Il’Q
 

t1‘u 
C

O
.0 

B
Z’O

 
LI’O

 
51’4 

11’0 
IC

’O
 

PE’O
 

21 
0 

11’0 
SE’0 

Sfi’O
 

+I 
‘0 

90’0 
21’0 

Q
C

’O
 

LO
’0 

19.0 
C

U
.0 

Fe.0 
C

I’O
 

Lo.0 
90’0 

21’0 
kQ

‘Q
 

90‘0 
S1’0 

W
O

 
w

o 
tQ

’0 
LO

’0 
21.0 

SF’0 
IF‘Q

 
e0.0 

EL’0 
- 

IV0 
B

?‘O
 

O
S.0 

W
’O

 
Lb’0 

$8’0 
138’0 

ZB
’O

 
EI’Q

 
29’0 

LS’V 
SE’U 

6b.O
 

98’0 
C

L‘0 
29’0 

1)‘O
 

99‘0 
09’0 

BE.4 
SP’O

 
18.0 

IL’0 
tW

’0 
IF’0 

I;b’5 
$4’0 

44‘Q
 

zw
n 

W
O

 
91’0 

91’0 
&

W
V 

01‘0 
W

O
 

7x40 
M

’O
 

LC
’O

 
80’0 

LI’O
 

W
V 

11’0 
80’0 

W
C? 

Q
Z’O

 
SW

0 
St.0 

SE‘0 
IZ’O

 
eve 

W
O

 

,““-dw
? 

~‘60u110 
CNN) 

C&y&) 
CW

-m
lJ> 

V&J 
s‘Z:I:L-9 

9:t:* 
w

.L 
,0’w

”3-W
 

(oztt) 
tW

;d 
w

‘=qd 
stre~y:N

s?~ 
otzm

Y-(ow
lng 

Xl”~od 



cl
yc

;lt
ke

on
ia

e 
- 

G
ly

cy
lv

el
ic

e 
c1

yc
yh

tv
al

ic
eJ

 
A

ls
ny

lri
ar

va
liw

 
C

ly
cy

l~
eu

ci
ne

 
a-

t+
em

yl
le

uc
ia

e 
G

ly
cy

ljs
oI

eu
ci

ne
 

cl
yc

yi
i3

aI
au

ci
ne

 
F

Jl
yc

yl
-a

-s
m

in
o-

n-
 

ca
pr

yl
ic

 s
ci

d 
8a

re
m

yl
ph

en
yl

ak
n

in
e 

A
la

rl
yl

ph
en

yk
ls

n
in

e 
aG

la
ta

m
yl

ph
en

yl
&

ni
ne

 
L

-C
yE

di
n

yl
-L

cy
s1

!u
e 

L
-C

ys
ti

n
yl

-D
k

ys
ti

n
e 

cl
yc

yl
5¶

th
io

ah
le

 
c1

yc
y1

tr
y$

op
ha

a 
a-

A
sp

ar
C

yl
h

ii
di

w
 

C
lY

eY
Q

sl
Q

s-
 

U
$O

, 
G

ly
c$

qs
rt

io
 

ac
id

 
G

ly
cy

lg
la

ts
m

ic
 

se
td

 
o-

G
ln

tz
w

n
yl

gl
u

ta
m

tc
 ac

id
 

cl
yc

yI
t~

T
ae

ia
a 

cl
vc

Y
k

~
Y

cY
h

3~
Y

c~
 

A
la

sy
Ig

ly
cy

!&
ci

53
 

fA
tc

Y
lg

lY
cY

43
~Y

ci
~ 

G
ly

cy
le

l~
yl

gl
yc

in
e 

cl
yq

lh
cy

lg
ly

cl
&

3 
C

ly
cy

lp
h

0n
yl

&
n

yI
gl

yc
in

e 
G

ly
cy

lg
ly

cy
h

ls
n

in
e 

G
ly

cy
lg

ly
cy

ll
ee

in
e 

C
ly

cy
k

gl
yc

yl
ph

en
yl

ah
n

in
e 

cl
u

cu
w

Y
~

Y
~

P
tf

~
 

A
ls

n
yl

a!
sa

yl
cy

st
iw

 

fW
M

.c
Y

W
yc

Y
W

c~
cs

 
~

l=
Y

W
Y

cY
W

ti
k

~
~

Y
~

- 
&

w
%

 
I 

0.
35

 
0.

40
 

0.
05

 
-0

.2
4 

0.
20

 
0.

63
 

0.
70

 
0.

07
 

0.
43

 
0.

49
 

0.
64

 
0.

77
 

0.
13

 
.0

.4
9 

0.
53

 
0.

78
 

0.
84

 
0.

06
 

0.
89

 
0.

69
 

0.
73

 
0.

75
 

0.
02

 
0.

61
 

0.
85

 
0.

70
 

0.
76

 
0.

06
 

0.
64

 
0.

65
 

0.
74

 
0.

80
 

0.
06

 
0.

62
 

0.
63

 
0.

72
 

0.
65

 
0.

13
 

0.
63

 
0.

67
 

0.
66

 
0.

93
 

0.
07

 
0.

71
 

0.
80

 
0.

09
 

0.
77

 
0.

86
 

od
9 

0.
89

 
0.

66
 

0.
78

 
0.

12
 

0.
50

 
0.

59
 

0.
08

 
0.

80
 

0
.8

6
 

0.
16

 
0.

81
 

0.
76

 
0.

30
 

0.
04

 
0.

62
 

0.
72

 
0.

10
 

0.
76

 
0.

90
 

0.
14

 
0.

67
 

0.
73

 
0.

74
 

0.
01

 
0.

62
 

0.
57

 
-0

.0
5 

0.
51

 
0.

53
 

0.
02

 
0.

64
 

0.
38

 
0.

01
 

-0
.3

7 
0.

32
 

0.
02

 
-0

.3
0 

0.
46

 
0.

06
 

-0
.4

0 
0.

68
 

0.
08

 
0.

01
 

-0
.0

7 
0.

11
 

0.
02

 
-0

.0
9 

0.
12

 
0.

06
 

-0
.0

6 
0.

36
 

0.
64

 
0.

66
 

0.
02

 
0.

41
 

0.
48

 
0.

07
 

0.
71

 
0.

75
 

0.
04

 
0.

81
 

0.
59

 
0.

55
 

.0
.0

4 
0.

51
 

0.
47

 
-0

.0
4 

0.
71

 
0.

67
 

-0
.0

4 
0.

84
 

0.
12

 
0.

10
 

-0
.0

2 
0.

07
 

0.
11

 
0.

04
 

0.
38

 
0.

15
 

-0
.1

3 
0.

45
 

0.
12

 
0.

20
 

0.
03

 
.0

.0
5 

0.
09

 
0.

04
 

0.
35

 
.O

S
l 

o.
lg

 
0.

83
 

0.
16

 
0.

2s
 

0.
12

 
0.

12
 

0.
19

 
0.

07
 

0.
35

 
0.

07
 

-0
.2

6 
0.

56
 

0.
34

 
0.

38
 

0.
04

 
0.

31
 

0.
20

 
-0

.1
1 

0.
17

 
0.

13
 

-0
.0

4 
0.

29
 

0.
41

 
0.

30
 

-0
.0

2 
0.

25
 

0.
20

 
-0

.0
5 

0.
07

 
0.

03
 

-0
.0

4 
0.

10
 

0.
50

 
0.

55
 

0.
05

 
0.

41
 

0.
27

 
-0

.1
4 

0.
56

 
0.

56
 

0.
00

 
0.

74
 

0.
24

 
0.

30
 

0.
06

 
0.

15
 

0.
14

 
-0

.0
1 

0.
44

 
0.

40
 

-0
.0

4 
0.

72
 

0.
39

 
0.

39
 

0.
00

 
0.

20
 

0.
24

 
0.

04
 

0.
62

 
0.

56
 

-0
.0

6 
0.

79
 

0.
66

 
0.

68
 

0.
03

 
0.

50
 

0.
55

 
0.

05
 

0.
81

 
0.

78
 

.0
.0

3 
4.

67
 

0.
35

 
0.

39
 

0.
04

 
0.

24
 

0.
24

 
0.

00
 

0.
58

 
0.

56
 

-0
.0

2 
0.

78
 

0.
65

 
0.

69
 

0.
04

 
0.

58
 

0.
55

 
-0

.0
3 

0.
75

 
0.

78
 

0.
03

 
0.

88
 

0.
83

 
0.

66
 

0.
03

 
0.

47
 

0.
47

 
0.

00
 

0.
76

 
0.

84
 

0.
06

 
0.

84
 

0.
36

 
0.

39
 

0.
01

 
0.

24
 

0.
24

 
0.

00
 

0.
61

 
0.

56
 

-0
.0

5 
0.

61
 

0.
65

 
0.

69
 

0.
04

 
0.

54
 

0.
55

 
0.

01
 

0.
82

 
0.

78
 

-0
.0

4 
0.

86
 

0.
65

 
O

-B
6 

0.
01

 
0.

49
 

0.
47

 
-0

.0
2 

0.
82

 
0.

84
 

0.
02

 
0.

88
 

0.
07

 
0.

04
 

-0
.0

3 
0.

08
 

0.
04

 
-0

.0
4 

0.
18

 
0.

18
 

-0
.0

1 
0.

52
 

0.
16

 
0.

09
 

-0
.0

7 
0.

06
 

0.
13

 
0.

05
 

0.
33

 
0.

45
 

0.
12

 
0.

85
 

0.
16

 
0.

23
 

0.
05

 
0.

12
 

0.
10

 
-0

.0
2 

0.
56

 
0.

44
 

eo
.1

4 
0.

76
 

0.
12

 
0.

18
 

0.
08

 
0.

a8
 

0.
07

 

-0
.0

4 
0.

41
 

0.
45

 
0.

06
 

o.
e4

 
0.

73
 

.0
.0

4 
0.

65
 

0.
77

 
0.

10
 

0.
80

 
0.

60
 

0.
04

 
0.

72
 

0.
76

 
0.

01
 

0.
52

 
0.

43
 

0.
01

 
0.

70
 

0.
79

 
0.

04
 

0.
73

 
0.

61
 

-0
.0

1 
0.

66
 

0.
47

 

0.
04

 
0.

66
 

0.
80

 
-0

.0
6 

0.
16

 
0.

16
 

0.
00

 
0.

24
 

0.
33

 
0.

08
 

0.
21

 
ob

 
0.

32
 

0.
50

 
0.

51
 

0.
01

 
0.

46
. 

0.
47

 
Q

.0
1 

0.
08

 
0.

82
 

0.
82

 
o.

au
 

0.
45

 
0.

48
 

0.
04

 
0.

46
 

0.
46

 
o.

oa
 

0.
43

 
0.

43
 

0.
00

. 
0.

68
 

0.
67

 
ao

.0
1 

0.
68

 
0.

67
 

O
.a

B
 

0.
12

 
0.

84
 

0.
84

 
O

.a
O

 0
.5

1 
0.

52
 

0.
01

 
0.

47
 

0.
51

 
o.

a4
 

0.
45

 
0.

44
 

-0
.0

1 
0.

65
 

0.
65

 
0.

00
 

0.
64

 
0.

64
 

o.
ao

 
0.

00
 

0.
87

 
0.

88
 

0.
02

 
0.

83
 

0.
72

 
0.

08
 

0.
58

 
0.

62
 

0.
03

 
0.

48
 

0.
55

 
0.

06
 

0.
72

 
0.

78
 

‘0
.0

7 
0.

71
 

0.
74

 
0.

02
 

0.
04

 
0.

86
 

0.
85

 
.0

.0
1 

0.
56

 
0.

58
 

0.
01

 
0.

55
 

O
.S

l 
S

O
.0

4 
0.

54
 

0.
58

 
0.

02
 

0.
70

 
0.

68
 

-0
.0

1 
0.

72
 

0.
74

 
0.

02
 

-0
.0

9 
0.

63
 

0.
67

 
0.

04
 

0.
20

 
0.

22
 

0.
02

 
0.

66
 

0.
41

 
*0

.2
7 

0.
20

 
0.

25
 

0.
05

 
0.

73
 

0.
78

 
0.

06
 

0.
50

 
0.

61
 

0.
11

 
0.

09
 

0.
86

 
0.

86
 

0.
00

 
0.

55
 

0.
61

 
0.

06
 

0.
50

 
0.

65
 

0.
05

 
0.

52
 

0.
52

 
0.

w
 

0.
70

 
0.

72
 

0.
02

 
0.

70
 

0.
73

 
0.

03
 

0.
03

 
0.

65
 

0.
66

 
0.

03
 

0.
58

 
0.

64
 

0.
05

 
0.

57
 

0.
58

 
0.

01
 

0.
56

 
0.

57
 

-0
.0

1 
0.

70
 

0.
69

 
-0

.0
1 

0.
74

 
0.

72
 

-0
.0

2 

-0
.1

9 
0.

71
 

0.
90

 
0.

01
 

0.
65

 
0.

86
 

0.
15

 
0.

77
 

0.
92

 
0.

05
. 

0.
62

 
0.

72
 

0.
06

 
0.

16
 

0.
34

 
-0

.3
2 

0.
20

 
0.

34
 

-0
.0

2 
0.

02
 

0.
85

 
0.

04
 

0.
45

 
0.

78
 

-0
.0

5 
0.

49
 

0.
44

 
-0

.0
1 

0.
05

 

0.
20

 
0.

07
. 

0.
51

 
0.

23
 

-0
.3

3 
O

h
1 

0.
31

 
0.

02
 

0.
03

 
0.

14
 

0.
04

 
o.

oj
 

0.
69

 
-0

.0
5 

0.
27

 
0.

63
 

-0
.0

9 
0.

22
 

0.
72

 
-0

.0
7 

0.
34

 
0.

88
 

om
 

0.
58

 
0.

72
 

-0
.a

s 
0.

33
 

0.
89

 
0.

01
 

0.
61

 
0.

81
 

0.
07

 
O

$B
 

0.
72

 
4x

09
 

0.
35

 
0.

89
 

0.
03

 
0.

67
 

0.
81

 
0.

03
 

0.
58

 
0.

53
 

0.
01

 
0.

05
 

0.
71

 
0.

06
 

0.
09

 
0.

70
 

-0
.0

5 
0.

24
 

0.
78

 
0.

83
 

0.
62

 
0.

26
 

0.
01

 
0.

01
 

0.
51

 
0.

45
 

0.
38

 

0.
02

 

0.
25

 
0.

12
 

0.
25

 
0.

64
 

0.
28

 

:::
 

0.
25

 
0.

64
 

0.
69

 
0.

04
 

0.
21

 
0.

15
 

0.
75

 
0.

01
 

0.
22

 
0.

17
 

0.
14

 
0.

59
 

0.
67

 
0.

06
 

0.
66

 
0.

75
 

0.
09

 
0.

71
 

0.
16

 
03

2 
0.

60
 

0.
08

 
0.

53
 

0.
70

 
0.

17
 

0,
67

 
0.

20
 

0.
52

 
0.

56
 

0.
06

 
0.

56
 

0.
69

 
0.

13
 

0.
72

 
0.

06
 

0.
35

 
0.

37
 

0.
02

 
0.

20
 

0.
27

 
0.

07
 

0.
66

 
-0

.1
9 

0.
34

 
0.

02
 

0.
32

 
0.

42
 

0.
14

 
-0

.2
6 

0.
53

 
-0

.0
1 

0.
01

 
0.

02
 

0.
01

 
0.

12
 

0.
14

 
0.

02
 

0.
20

 
0.

06
 

0.
36

 
0.

46
 

0.
08

 
0.

41
 

0.
44

 
0.

03
 

0.
59

 
-0

.a
4 

0.
35

 
0.

30
 

-0
.0

5 
0.

50
 

0.
56

 
0.

06
 

0.
57

 
.-

 
0.

04
 

0.
08

 
0.

04
 

0.
06

 
0.

06
 

0.
02

 
02

7 
-0

.1
3 

0.
07

 
0.

08
 

0.
01

 
0.

13
 

0.
12

 
-0

.0
1 

0.
14

 
- 

0.
12

 
0.

14
 

0.
02

 
0.

12
 

0.
06

 
.0

.0
6 

0.
32

 
-0

.0
1 

0.
14

 
0.

16
 

0.
a2

 
0.

07
 

0.
06

 
.O

.O
l 

0.
43

 
- 

0.
15

 
0.

11
 

-0
.0

4 
0.

03
 

0.
14

 
,o

.t
1 

0.
30

 
-0

.0
2 

0.
37

 
0.

36
 

.O
.O

l 
0.

36
 

0.
39

 
0.

03
 

0.
59

 
-0

.1
0 

0.
16

 
0.

21
 

0.
03

 
0.

21
 

0.
17

 
-0

.0
4 

0.
40

 
-0

.0
9 

0.
26

 
0.

29
 

0.
01

 
0.

27
 

0.
24

 
-0

.0
3 

0.
54

 
0.

05
 

0.
59

 
0.

48
 

.O
.lO

 0
.5

4 
0.

61
 

-0
.0

3 
0.

74
 

-0
.0

6 
0.

28
 

0.
29

 
0.

01
 

0.
23

 
0.

24
 

0.
01

 
0.

52
 

0.
03

 
0.

57
 

0.
49

 
-0

.0
6 

0.
66

 
0.

51
 

-0
.0

4 
0.

72
 

0.
10

 
0.

44
 

0.
45

 
0.

01
 

0.
49

 
0.

54
 

0.
05

 
0.

65
 

-0
.1

1 
0.

29
 

0.
29

 
0.

00
 

0.
27

 
o.

ar
 

-0
.0

3 
0.

62
 

-0
.0

3 
0.

65
 

0.
49

 
.0

.0
6 

0.
61

 
0.

51
 

0.
00

 
0.

72
‘ 

0.
11

 
0.

42
 

0.
45

 
0.

03
 

0.
50

 
0.

64
 

0.
94

 
0.

66
 

-0
.0

1 
0.

04
 

0.
07

 
o.

oJ
 

0.
06

 
0.

05
 

o&
l 

0.
15

 
0.

12
 

0.
09

 
0.

16
 

0.
07

 
0.

09
 

0.
11

 
o&

j 
o.

a9
 

-0
.0

9 
0.

17
 

0.
20

 
0.

03
 

0.
16

 
0.

16
 

-0
.0

1 
0.

37
 

0.
75

 
0.

04
 

0.
81

 
0.

87
 

0.
06

 
0.

75
 

0.
08

 
0.

64
 

0.
85

 
0.

21
 

0.
73

. 
0.

06
 

0.
73

 
0.

81
 

0.
06

 
0.

74
 

0.
06

 
0.

43
 

0.
59

 
0.

16
 

0.
17

 
-0

.3
6 

0.
56

 
0.

08
 

-0
.4

6 
O

.li
 

-0
.0

3 
O

.il
 

0.
08

 
Q

.2
3 

0.
62

 
0.

03
 

0.
64

 
0.

65
 

0.
01

 
0.

40
 

-0
.1

7 
0.

64
 

0.
64

 
@

J&
l 

0.
34

 
0.

07
 

0.
23

 
0.

23
 

0.
00

 
0.

16
 

0.
02

 
0.

41
 

0.
36

 
-0

.0
5 

0.
37

 
0.

05
 

0.
38

 
0.

19
 

-0
.1

4 
0.

47
 

0.
04

 
0.

24
 

0.
25

 
0.

01
 

0.
60

 
0.

10
 

0.
16

 
0.

16
 

-0
.0

3 

0.
54

 
-0

.0
5 

0.
62

 
0.

56
 

0.
04

 
0.

25
 

-0
.1

5 
0.

34
 

0.
34

 
0.

00
 

0.
50

 
-0

.0
4 

0.
45

 
0:

4s
 

0.
01

 
0.

68
 

.O
.a

6 
0.

72
 

0.
71

 
-0

.0
1 

0.
50

 
-0

.0
2 

0.
48

 
0.

46
 

-0
.6

2 
0.

66
 

-0
.0

4 
0.

73
 

0.
71

 
-0

.0
2 

0.
61

 
-0

.0
4 

0.
66

 
0.

70
 

0.
04

 
0.

60
 

-0
.6

9 
0.

47
 

0.
46

 
-0

.0
1 

0.
68

 
-0

.0
4 

0.
68

 
0.

71
 

0.
03

 
0.

81
 

--
-0

.0
1 

0.
64

 
O

-7
0 

0.
06

 
0.

23
 

0.
08

 
0.

22
 

0.
16

 
-0

.0
6 

0.
66

 
0.

27
 

0.
34

 
0.

35
 

0.
01

 
0.

37
 

0.
06

 
0.

19
 

0.
31

 
-0

.0
1 

-0
.0

6 
0.

16
 

0.
18

 
0.

03
 

0.
12

 
o.

ia
 

0.
01

 
0.

35
 

0.
23

 
-0

.1
1 

o.
ao

 0%
 

-0
.0

3 

T
ab

le
 

III
. 

C
om

pa
ris

on
 

of
 O

bs
er

ve
d 

an
d 

C
al

cu
la

te
d 

R
f 

V
af

ud
s 

of
 

P
ep

tid
es

 

A
* 

0.
 

E
’ 

F
* 

C
’ 

tI
* 

P
 

M
’ 

0’
 

,. 
. 

_ ,
 _

 
P

op
tid

o 
- 

r 
O

ba
. 

T
ku

y 
A

 
O

!J
S

. 
T

he
or

y.
 

,-
A

--
 

O
&

~.
-T

&
oc

y 
..-

A
--

-.
f~

&
;-

T
ha

sy
. 

A
- 

.t
&

w
.T

&
ay

 
-‘A

--
.D

b%
-T

k
ao

sy
--

-A
--

- 
O

h
-T

h
aa

ry
 

A
--

 
O

fx
x~

T
lra

ac
y~

-A
 

--
 f

j&
;-

m
cc

g 
-4

 

C
ly

cy
lg

ly
ci

as
 

0.
32

 
0.

37
 

0.
05

 
0.

22
 

0.
20

. 
-0

.0
2 0

.3
7 

0.
37

 
O

.a
O

 
0.

66
 

-0
.0

5 
0.

61
 

0.
16

 
0.

11
 

-0
.0

4 
0.

16
 

0.
22

 
0.

04
 

0.
19

 
0.

20
 

0.
01

 
0.

46
 

0.
34

 
.0

.1
2 

0.
41

 
0.

36
 

-0
.0

3 
G

lg
cY

la
W

Js
il

as
 

0.
42

 
0.

43
 

0.
01

 
0.

17
 

0.
21

 
0.

04
 

0.
66

 
0.

76
 

0.
07

 
0.

60
 

0.
81

 
0.

01
 

0.
44

 
0.

44
 

0.
00

 
0.

33
 

0.
33

 
0.

00
 

0.
18

 
0.

29
 

0.
11

 
0.

52
 

0.
48

 
-0

.0
3 

0.
43

 
0.

56
 

0.
13

 

A
lM

y&
ly

ai
n

e 
0.

47
 

0.
47

 
0.

00
 

0.
23

 
0.

32
 

. 
0.

09
 

0.
55

 
0.

53
 

-0
.0

2.
 

0.
70

 
0.

66
 

-0
.0

4 
0.

26
 

0.
22

 
-0

.0
6 

0.
33

 
0.

31
 

-0
.0

2 
O

N
 

0.
28

 
0.

01
 

0.
68

 
0.

48
 

-0
.1

0 
0.

61
 

0.
60

 
--

0.
01

 
L

9n
cy

lg
ly

ci
n

e 
0.

75
 

0.
75

 
0.

00
 

0.
54

 
0.

65
 z

 
0.

11
 

0.
68

 
0.

76
 

0.
08

 
0.

86
 

0.
86

 
-0

.0
1 

0.
56

 
0.

69
 

0.
03

 
0.

61
 

0.
61

 
.0

.1
0 

0.
80

 
0.

66
 

.0
.0

4 
0%

 
0.

68
 

-0
.0

8 
0-

U
 

0.
74

 
O

.a
b 

C
ly

cy
k

ls
n

in
e 

0.
47

 
0.

47
 

0.
00

 
0.

23
 

0.
32

 
0.

04
 

0.
52

 
0.

33
 

0.
01

 
0.

72
 

0.
66

 
-0

.0
6 

0.
28

 
0.

22
 

-0
.0

6 
0.

28
 

0.
31

 
0.

03
 

0.
27

 
0.

28
 

.O
.O

l 
0.

66
 

0.
48

 
-0

.a
6 

0.
50

 
0.

30
 

-0
.(

10
 

8n
rc

cs
yl

ah
n

in
e 

0.
53

 
0.

53
 

0.
00

 
0.

25
 

0.
33

 
0.

08
 

0.
83

 
0.

85
 

0.
02

 
0.

82
 

0.
87

 
0.

06
 

- 
- 

- 
0.

41
 

0.
45

 
0.

02
 

0.
30

 
0.

38
 

0.
08

 
0.

59
 

0.
67

 
0.

08
 

0.
54

 
0.

66
 

0.
14

 
A

ls
Il

Y
h

l.
lI

li
l!

O
 

0.
58

 
0.

57
 

-0
.0

1 
0.

38
 

0.
47

 
0.

09
 

0.
66

 
0.

68
 

0.
02

 
0.

77
 

0.
74

 
-0

.0
3 

0.
38

 
0.

40
 

0.
07

 
0.

40
 

0.
41

 
0.

01
 

0.
33

 
0.

37
 

O
.o

I 
0.

64
 

0.
69

 
0.

05
 

0.
58

 
0.

69
 

0.
04

 

a-
 G

ln
ts

m
yl

&
L

dn
s 

0.
33

 
0.

46
 

-0
.0

5 
0.

25
 

0.
32

 
0.

07
 

0.
32

 
0.

22
 

0.
10

 
0.

48
 

0.
40

 
-0

.0
6 

0.
03

 
0.

06
 

o-
02

 
0.

24
 

0.
23

 
-0

.0
1 

0.
08

 
o.

a9
 

0.
01

 
0.

54
 

0.
65

 
0.

09
 

0.
28

 
0.

35
 

0.
07

 
G

ly
cy

ls
sr

in
e 

0.
27

 
0.

34
 

0.
07

 
0.

15
 

0.
19

 
0.

04
 

0.
29

 
0.

29
 

0.
00

 
0.

63
 

0.
51

 
-0

.0
2 

0.
10

 
0.

07
 

-0
.0

3 
0.

19
 

0.
24

 
0.

05
 

0.
17

 
0.

39
 

0.
15

 
0.

44
 

0.
37

 
-0

.0
7 

0.
41

 
0.

38
 

-0
.m

 

G
iy

ay
ka

m
ia

ot
-b

ut
yr

ic
 

a
c
i
d
 0
.
5
9
 
0
.
6
6
 
0
.
0
7
 0
.
3
6
 
0
.
3
8
 
0
.
0
3
 0
.
6
3
 
0
.
6
9
 
0
.
6
6
.
0
.
7
6
 0
.
7
9
 

0.
01

 
0
.
3
9
 
0
.
3
8
 
0
.
6
0
 0
.
5
3
 
0
.
4
1
 

-0
.1

1 
0
.
3
1
 0
.
3
3
 
0
.
0
1
 0
.
6
3
 
0
.
5
8
 
-
0
.
6
4
 0
.
5
8
 
0
.
5
4
 
.
l
)
.
Q
L
 

A
l
a
n
v
k
a
m
i
n
o
-
n
-
b
u
t
v
i
i
c
a
c
i
d
 

0
.
7
0
 
0
.
7
4
 
0
.
0
4
 0
.
4
6
 
0
.
5
4
 
0
.
0
6
 0
.
7
5
 

0.
81

 
0.

06
 

0.
64

 
0
.
6
5
 

0.
01

 
0.

53
 

0.
60

 
0
.
0
7
 0
.
5
3
 
0
.
5
9
 

-0
.0

1 
0
.
3
7
 0
.
4
4
 
0
.
0
7
 0
.
6
9
 
0
.
7
4
 
0
.
0
5
 0
.
6
5
 
0
.
6
6
 
0
.
0
1
 

‘6
ea

 
T

ab
Is

 I
. 

fo
r 

so
lv

en
t 

m
ix

tu
re

s 
de

si
gn

st
ed

 
in

 t
sb

le
 b

y 
cs

pi
ts

l 
le

tt
er

s 



VOL. 1 (x958) &VALUES OF SYNTI-IETIC PEPTIDES 519, 

No difference in Rp values was noted for groups of peptides in which the sequence 
of amino acids was altered. For .example, alanylglycine migrates at. the. same ,rate as 
glycylalanine, and leucylglycine the same as glycylleucine. The, tripeptides, alanyl- 
glycylglycine, glycylalanylglycine, and glycylglycylalanine, all have identic,al Rp 
values. . 

Comparison of the RF values for a peptide with those for the constituent amino 
acids shows no regular pattern. In some systems a dipeptide has Rp values intermediate 
between those of the amino acids, but in other solvents the peptide migrates faster or 
slower than either amino acid. If a peptide is composed of a small amino acid such as 
glycine and a much larger one, such as leucine, phenylalanine, methionine, or glutamic 
acid, the Rp Qalues of the peptide correspond more closely to those of the larger amino 
acid,in most of the solvents. 

TABLEIV 

VALUES OF CONSTANTS A AND a IN EQUATION (I) 

Solvent rnirtttre A 
) 

B 
Crrl/lnolc Callnlolc 

^_--- 

A. Formix 
B. Rutanol-acetic acid (4: 1 : 5) 
E. Phenol (citrate) 
F. Phenol-(HzO) (NaCN and tiH, atmos.) 
G. vz-Cresol 
H. 77% Ethanol 
I<. TBIC 
M. Pyridine mix 
0. Propanol-NH, 

-x4.0 

--695.9 
-322.S 
-172.5 

-11S7.2, 
-456.2 
-S28.4 
-172.3 

-190.5 

-112.6 
-349.7 

15794 
27.S 

303.6 
1S7.2 

-232.9 
125.0 

-103.4 

In Table III the observed RF values.in g solvents are listed’with the theoretical 
values (Eqn, I) and the differences between the two for each of the 46 peptides included 
in the theoretical calculations. For the great majority of these compounds, the differ- 
ence between the two RF values is less than & 0.05. The only peptide which consis- 
tently varies by a wide margin from the calculated value is L-cystinyl-L-cystine. 
Calculated values for L-cystinyl-L-cystine are useless in this study since the compound 
employed was a cyclic monopeptide with only a single cystine residue12 and PARDEE’S 

fornkla8 ‘is inapplicable. Other peptides that occasionally vary by more than 0.10 

.‘from the calcul,ated values usually contain sarcosine, glutamic acid, aspartic acid, 
lysine , or phenylalanine . 

The values employed for the constants A and B in Eqn. (I) are listed,in Table IV. 
Even though the tetra- and pentapeptides were not included in the evaluation of the 
constants, their theoretical Rp values calculated with constants A and B are in close 
agreement with the observed values except in one solvent system;$heaoi (citrate) (E), 

.,where the differences,exceeded 0.10. More data on the behavior of peptides of greater 
chain length are needed to test the usefulness of Eqn. (I) for predicting Rp values of 
longer peptides. 

The standard errors of the mean of IO to 15 determinations of the Rp values for 
leucine and:for alanine were calculated for each of the 15 solvent systems. The acetone- 

f?eferences p, 520. 

: 
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ww (L) solvent mixture had the highest standard error of 0.016, arid 77% ‘ethartol (W), 
Formix (A), TBI< (K), and~BuOH~acetz’c (C) had.standard errors from 0.011 to o.oi4. c: 
The other systems had standard errors of 0.006 to 0.010.. ,' rl 

The solvent mixtures whichzappear to be better ones on the basis of compactness 
and color intensity of the spots, rapidity of solvent migration, and separation of the 
various amino acids are : Formix (A), $henoZ (citrate) (E) , 77 o/o ethan,oZ (H) ,70 o/o fwopanol 
(I), THK (K), $yric&e vliix (M), $yri&ne-anzyb alcohol (N), and #wo+anoZ-NH, (0). 

The & values on which PARDEE based his calculations8 were taken from KNIGWT~~. 
The solvents used by KNIGHT are not the same as used here, although his phenol-’ 
water system is similar to the $kenoZ (citmte) (E) used here. Eleven of the peptides 
reported by KNIGHT are included ,in this study, and when results with KNIGHT’S 
phenol-water system are compared with those obtained .with solvent system (E), the 
Xp values for nine of these are within 0.05 of those reported in this paper. General 
review of the literature revealed few instances where the conditions employed were the 
‘same as those in this study, but in the few cases in which they were, agreement in 
results was noted. 
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SUMMARY 

To supplement estensivc information on pepticles and amino acids, data were obtained on the 
paper-chromatographic behavior of 88 synthetic peptides and 29 amino acids in 15 solvent systems. 
Theoretical Rp values were calculated for 46 peptides in 9 solvent systems and were found to be in 
good agreement with the observed values. 
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