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SUMMARY

The present paper describes a new variation of the “finger printing” technique
for examining the primary structure of proteins. It is based on the production of a
reproducible, partial acid hydrolysate consisting of amino acids and small peptides
which are separated into compact spots by bi-dimensional thin-layer chromatogra-
phy. The spots are characterized by their Ry values and colour reactions with a variety
of reagents. The method was initially developed for collagen but has been applied to
other proteins, with interesting results. It has developed logically from earlier, sys-
tematic studies on amino acids and peptides, and holds promise for the comparative
investigation of normal and diseased human collagen.

INTRODUCTION -

Earlier papers in this series'—* described methods for the systematic character-
ization of amino acids by thin-layer chromatography (TLC) and selective staining. The
studies were later extended to peptides in order to provide an independent method
for the detection of unknown peptides which might interfere with the amino acid
analysis of biologiczal fluids by ion-exchange chromatography*-3. It was shown that

~many small peptides could be characterized, in part at least, by these methods, and
the suggestion arose that they might form the basis of a direct, visual ‘micro-method
- for examining the primary structure of a protein. Such a method should be of par-
ticular value in the study of abnormal proteins which differ from their normal
_counterparts only by the substitution of one amino acid in the sequence. Provided
that a satisfactory method of partial hydrolysis could be found, TLC separation of
the fragments together with staining techniques should provide a refined variation of
‘the finger printing technique. Most finger printing methods have followed the early
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technique used by Ingram® in which enzymic hydrolysis and a combination of paper
chromatography and electrophoresis were used for the separation of the fragments.
Acid hydrolysis has usually been avoided in the past and there have even been reports
of sequence alteration caused by this method.

- 'We were particularly interested in developing a method for the comparatxve
analysis of collagen in order to study the genetic bone disease, Osteogenesis imperfecta,
and, therefore, required a method which could be applied to small samples (2-20 mg)
of the protein. Because the collagen molecule has some 3,000 amino acid residues in
its three chains and because most of the structure which has been elucidated is highly
repetitive, it is a difficult protein sequence in which to identify the point of a smgle
amino acid change.

It was essential, if bidimensional TLC was to be used for the separauon of
fragments, that the method of hydrolysis should yield peptides of a suitably small
molecular size to give a reproducible pattern of discrete, small spots. In nearly all
structural studies of collagen, cyanogen bromide is the method of choice for splitting
the collagen chains into fragments. We abandoned this method when it became clear
that the fragmenis which were obtained were far too large for TLC separation and
decided on the use of partial acid hydrolysis®. The micro-technique finally developed
gave a pattern of 61 small, disparate spots from a hydrolysate of bovine achiiles
endon collagen, many of which were readily identifiable on a 20 cm X 20 cm celiulose
thin layer. The results proved to be surprisingly consistent and the method was ac-
cordingly applied to other proteins of known structure. The resulis for two of these,
glucagon and insulin, are described below, and the value of the method may be judged
from the fact that six tryptophany! peptides, as well as free tryptophan, were detected
in a hydrolysate of glucagon which contains only one tryptophan residue in the
molecule.

EXPERIMENTAL

Apparatus

The thin-layer equipment, glass tanks and 1-zl “Microcaps” capillary pipettes
used throughout this work were supplied by Shandon (London, Great Britain).
Materials and methods

The adsorbent used was cellulose powder MN 300 (without binder), supplied
by Macherey, Nagel and Co. {Agents: Camlab, Cambridge, Great Britain). Before
use this powder was purified as described previously in Part Il

The solvents used throughout this work were of Analar grade, with the
exception of 2-methyl-2-butanol (G.P.R.) and butanone and propanone (M.F.R.),
and were supplied by Hopkin and Williams (Chadwell Heath, Essex, Great Britain).

Control amino acids and synthetic peptides, chiefly di- and tripeptides, were
obtained from Sigma (Kingston-upon-Thames, Surrey, Great Britain). Solutions
(0.025 M) we-¢ made in aqueous 2-propanol (109, v/v) and kept refrigerated before
use. Native imsoluble bovine achilles tendon collagen (prepared as described by
Einbinder and Schubert'?), glucaaon and c—ys:.alhne insitlin were also obtamed from

Sigma.
Standard hydrochlong: ac1d (1 M) for partial hydrolysxs of proteins was made
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from constant—boﬂ_ng HCI as described by Foulk and Hollingsworth!2.. The weight
of constant—boﬂmg HCI at 747.5 mm Hg pressure required to make 1 1 of accurate
standard HCI (1 M) was estimated to be 179.9302 g.

The fallowing chromatosranhic solvent svstemc ware need * Salvant A which
18C ICLOWIRG CATromMAaAlograpniC SoIivent SySiCms WCIC usCa: soivene A, wiich

we found best for the separation of the fragments of hydrolysates in the first dimen-
sion, was that described by Haworth and Heathcote®; it consisted of propan-2-ol-
butanone-1 & HCI (60:15:25). For the separation in the second dimension it was
necessary to develop a new solvent system (Solvent B), which consisted of 2-methyl-2-
butanol-butanone-propanone—methanol(0.88) ammonia (25:20:35:5:20).

A list of reagents for the detection and identification of amino acids and
peptides is given in Tabie L

Partial acid hydrolysis. Samples of bovine achilles tendon co!lagen (1-25 mg)
were subjected to partial acid hydrolysis®® (1 M HCI, 2 ml) under nitrogen at 100°
over a period of 3 h; the hydrolysates were freeze-dried and adjusted to a concentra-
tion of 10 pg/pl with distilled water.

Thin-layer chromatographiy. The cellulose layers were prepared as follows: The
purified cellulose powder (135 g) was spread as a slurry over five plates (20cm X 20

CHROMOGENIC REAGENTS FOR AMINO ACIDS AND PEPTIDES

No. Reagent Reference Used for the detection of Note
1 Cd-ninhydrin 1,3 General amino acids and 109 of glacial acetic
peptides and N-Gly acid was used in the
peptides preparation of the
reagent
2 Platinic iodide 13 Sulphur-containing
amino acids and peptides
3 Zimmerman’s 3 Gly, His, Hyl, Arg, Ala,
o-phthalaldehyde Glu, Asp, and N-His
peptides
4 Pentacyanoaquoferriate 3, 14 Arg and Arg-containing
peptides
5 Pauly’s 13 His, Tyr, and their
peptides
6 Folin—Ciccalteu’s” i5 Tyr and Tyr-containing  Before spraying with
peptides reagent, the plate was
sprayed with glacial
acetic acid in acetone
(50%;, v/v) and heated
at 60° for 10 min.
7 Ebrlich’s 3 Hyp, Trp, and Trp-
containing peptides
8 Pericdatefacetyl acetone 3 Ser, Hyl, and N-Ser
-+ ammonium acetate peptides
9 Cd-isatin 1,3 Pro, Hyp, and N-Pro or  As for Reagent No. 1
: N-Hyp peptides
10 13 Pro, Hyp, and N-Pro or As for Reagent No.'1

Isatin

N-Hyp peptides

* Obtained commmercially from BDH (Poole, Dorset, Great Britain).
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TABLEII
WEIGHT OF HYDROLYSED PROTEIN PER TLC PLATE -

Reagent Sample weight (ug)

Collagen Glucggan © Insulin

No. 1 140 75 180
No. 2 210 - 75 180
Neo. 3 140 75 180
No. 4 210 100 180
No. 5 150 . 100 180
No. 6 — 100 300
No. 7 140 75 —
No. 8 350 75 300
MNo. 9 140 75 180
Neo. i0

140 75 180

cm) at an initial thickness of 400 um. The coated plates were allowed to dry
horizontally overnight before use!.

Samples of collagen, and other protein hydrolysates were applied to individual
thin layers of cellulose, as described previously?. The weights of the proteins that
were found to give the best chromatograms are given in Table IL.

The chromatograms were developed bidimensionally as described previously'.
Solvent A (100 ml) was used for development in the first dimension, and solvent B
(170 ml) for the second development at right angles to the first.

For identification of amino acids and peptides the developed chromatograms
were sprayed in duplicate with the general (Cd-ninhydrin) and more specific reagents.
The conditions of spraying, the assessment of the final colour and the determination
of Rr values were as described previously®. New reactions were observed with some
of the more specific staining reagents, as described below:

Zimmerman’s o-phthalaldehyde (reagent No. 3) has been used for the identifica-
tion of N-terminal glycyl peptides as grey spots on silica gel TLC. It was found in
the present work that free amino acids could be detected with this stain also. Thus,
aspartic acid, glutamic acid, and alanine gave grey colours, while glycine gave a green-
grey colour immediately after staining and heating. Arginine gave a light purple
colour, and hydroxylysine gave a light pink colour, 18 h after staining. All the above
amino acids were detected under visible light; UV light also detected the amino acids,

" but the colours were different. Therefore, o-phthalaldehyde could not be considered
specific for N-terminal glycyl peptides. Heathcote et al.* observed that N-terminal
glycyl peptides give 2 permanent yellow colour with Cd-ninhydrin, which seems to be
specific. The free amino acids —proline and hydroxyproline— also give a yellow colour
with Cd-ninhydrin, but this turns to orange after some 18 h; the spots corresponding
to N-terminal glycyl peptides stay as bright yellow colouss.

It was aiso found in the present work that o-phthalaldehyde gave a positive
reaction with some N-terminal histidyl peptides. For example, the synthetic dipeptide,
His-Leu, gave a purple ﬁucrescence under UV light; a ﬁndmg made by other workers
also?®.

N-Terminal seryl peptides, e.g., Ser-Gly, were found to glve yel!ow ﬁuorescence

- under UV light with reagent No. 8. This reaction was obtained also with other amino
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: a_.cids and peptides, but the yellow fluorescence was lost one day after spraying, in
contrast with the colour of the N-terminal seryl peptides and the colour of specific
“amino acids. '

RESULTS AND DISCUSSION

It was found in preliminary irials that the number of spots produced by
hydrolysis of collagen for 1 h with 1 3 HCl was quite small. Hydrolysis for 2 h
produced a well-defined pattern of spots which did net change in appearance or
number when the hydrolysis time was extended to 3 h. The concentiraticns of the
spots had increased, however, and were judged to be optimal for the staining reac-
tions. Accordingly, a time of 3 h was standardized for the hydrolysis during the
present study. Subsequent experiments with other collagens and other proteins have
confirmed the desirability of the chosen hydrolysis conditions.

Although partial acid hydrolysis was used in a number of early finger printing
studies!’-1?, certain conditions were found to produce anomalies and the preference
has been, in more recent studies, for such methods as tryptic, and other enzymic,
digestion. Thus, an interconversion was found to take place in some peptides con-
taiping aspartic acid, especially when linked to lysine!”-18. This conversion appeared
to be less marked when the acid concentration was reduced from 12 M and also when
the temperature was elevated and the time shortened to produce comparable hydrol-
ysis. In the present experiments the acid concentration was considerably lower than
this figure (12 M), and the consistency observed in the pattern of spots from the col-
lagen hydrolysate when the period of hydrolysis was increased from 2-3 h indicated
that little interconversion could be taking place.

A different type of interconversion was reported by Ryle and Sanger'® when
insulin was hydrolysed with cold concentrated HCl. More peptides were found than
could be accounted for by the unique structure of the protein, and they later confirmed
that interchange was taking place at the disulphide bonds. Again, in the present study
of insulin, the conditions of hydrolysis are such that this reaction would be at a min-
imum according to the data put forward by these workers®.

When due allowance is made for the above factors, acid hydrolysis is by no
means such a random occurrence as was genecrally thought, and the patterns ob-
tained in ihe present study have been remarkably consistent. This overall observation
is not without support from other recent work on the specificity of HCL. Thus,
Schultz ez al.?°, in a study of the partial hydrolysis of proteins by HCI, showed that
cleavage took place preferentially at those peptide bonds in the sequence which are
particularly sensitive to acid. This is different from the atiack of many proteases
which have more specificity for bonds next to specific amino acids. Aspartic acid was
found by these workers to be an exceptional amino acid in that its release was found
to be related to its abundance in the protein.

Good separation of the peptide spois was achieved with the protein
hydrolysates examined, even including that of insulin, if some allowance is made for
the fact that the A and B chains were not separated before hydrolysis and that un-
oxidised cysteine-peptides tend to streak a little anyway. The peptides produced by
the acid hydrolysis in the present study appeared to be small, mostly di-, tri- and
tetrapeptides. We did not set out to identify the sequences of all the peptide spots,
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but rather to see how much structural mformatxon eould be obtamed d:recﬂy by
visual examination of the stained and/or UV-irradiated p!ates

- The systematic application of the staining reagents represents a. novel ap-
proach to the partial identification of many of the peptide fragments. It facilitates the
identification of the sequence in the vicinity of a specﬁica_ly colour-labelied residue
when only small amounts of material are present. This is similar in-many ways to the -
isotopic labelling of a specific residue employed by Naughton ez @l in their study
‘of the active centres of enzymes. Some of the more interesting ﬁndmgs from the ap-
plication of the method to three proteins —collagen, glucagon and insulin— will
now be discussed in relation to their structures: The sequence structures of glucagon
and insulin have been known for a long time, and much of the structure of collagen
has now been established, including the whole of its o chain (at Ieast with the aid
cof two dlﬁ'erent specnes of animal). - ,

Bovine acfzzllev tendon collagen

Some 61 separate spots in all were detected on thm-layer chromatograms of
the collagen hydrolysate, and Fig. 1 shows 57 which were detected by Cd-ninhydrin.
All the amino acids present in collagen, except lysine and histidine, were identified

i ss 56 C 2
CONE
52 ' ’
s O
S0 %’ 057 0 759.
O e
(- Jisg 051
ko 21
< O] C D us
» 36 & | .
§ 3 O 4s
= 42 -
&

, , Solvent B ——— A>' :
Fig. 1. Chromatogram of bovme col!agen nydrolysaze stamed thh Ca-nmhvcmn (ngent No 1)
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'TABLE 118

BOVINE ACHILLES TENDON COLLAGEN HYDROLYSATE AMINO ACIDS AND PEPTI-
DES IDENTIEIED

Spot Identit){ ' Data for conclusion
Re X 100 values Reaction
Solvent  Solvent Reagent Colaour
A B No.
C Residue containing His and Met 0 0 5 Red
- - ) 2 White
C, His-containing peptide 19 0 5 Red
Cs N-His peptide containing Arg 28 0 5 Red
o 3 Purple (UV)
4 Red
Ce . 44 0 .
Cs Asp 50 1 3 Grey
Cs Glu - 56 i 3 Grey
C ' ‘ 63 o
Ce 73 0
Cs 84 0
Cio 90 0
Cius 91 2
12 77 9
Cus 80 12
Cg‘ . 70 6
Cis N-Pro, or N-Hyp, peptide 64 5 9or10 Blue
Cis 63 3
Cyz N-Pro, or N-Hyp, peptide 59 5 9or 10 Blue
Cis 41 6
Cyo N-Gly peptide 34 6 1 Yellow
Czo Arg 23 4 3 Purple
: 4 Red
Ca Arp-containing peptide 17 3 4 Red
Cis His-containing peptide 4 5 5 Red
Cis N-Gly peptide containing Arg 17 8 1 Yellow
4 Red
Cae 25 9
Cs Hyl 4 His-containing peptide 13 14 3 Pink
: ' 5 Red
: 8 Blue (UV)
Cys His-containing peptide ' 19 19 5 Red -
Cor B 18 25
Cys 14 33
Cys 22 40
Cio : 16 48
Gy - - Argcontaining peptide : 30 15 4 Red
Cs. N-Gly pepnde (Gly—Gly) 36 17 . 1 Yellow
Cas Gly : ) 39 12 1 Orange
: - ’ - ) 3 Green-grey
9+7 Purple-orange
or
R A S . 1047
Cs ‘ R 45 9

{ Cantinued on p. 218)
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TABLE I'Ilr ( céntinugd )

Srcot - Identity o : Data for conclusion
- Ry X 100 values Reaction
Solvent- Solvent Reagent Colour =~
, A B .. No. o
C;s Arg-containing peptide- - 45 14 4 - Red
Css : a2 19 : =
Ciy Hyp' . 49 12 1 © Orange
9 or 10  Bilue
9 +7
or Purple-
. . 10 + 7
Cis N-Pro, or N-Hyp, peptide 49 14 90r 10 Blue
Css N-Gly peptide (Gly-Ala) 50 16 1 Yellow
Csio 50 22 ‘
Ci:i N-Gly peptide 52 29 1 Yellow
Ce Ser . 41 28 8 _ Yellow under
uv
Ci;s  N-Gly peptide 48 47 1 Yellow
Cas Thr 50 55
Cis : 42 71
Css Ala 358 13 3 Grey
Car N-Gly peptide 58 17 1 Yellow
Cys Pro ' 58 20 9 or 10 Dark blue
1 Orange -
9+ 7
or Dark biue
: 104+ 7
Cyy 58 24
Csy Ty , 67 26
Cs o 61 35
Css Vai - . ] 71 37
Css Met 68 . 41 2 White
Cs: N-Pro, or N-Hyp, peptide containing
Met 64 48 9or 10 Blue
. ; - -2 White
Css Ile 82 52
Css Leu . 82 55 .
Csy Phe 73 55 10 Blue
Css ' 70 67 :
Css N-Gly peptide 76 71 1 Yellow
C6() ) i 79 78 . )
C., - - 89 74

_directly. These two amino acnds, whxch happened to comcme with peptides, were
_identified independently by ion-exchange chromatography®. The R: values of the
spots and their identity or partial identity, where directly ascértainable, are: given in -
Tzble I, and the- patterns obtaned with the various stammg reacents are glven in

Figs. 1-5. "
_ In view of the large molecular size of the collaaen molecule and the fact that_~
the chains were not separated before hydrolysis, it might have been expected that a2
_much larger number of peptides would have been. produced The explanation must
7resnde in the faxrly reeular stn_cture where giycme oocuples evezy thu'd pocmon of
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Fig. 2. Chromatogram of bovine collagen hydrolysate stained with pentacyanoaquoferriate (Reagent
No. 4). .

the large helical regions of the molecule?!, and the fact that the acid is fairly specific
in its positions of attack. '

Glycine is the most abundant amino acid in collagen and accounts for almost
one third of the total amino acid residues in the molecule?’. Eight of the spots (Cyq,
Cys, Csss Cao, Cuy, Cas, Cyq, and Cgg) were identified directly by Cd-ninhydrin as N-
terminal glycyl peptides (Table III, Fig. 1). Two of the spots (C;, and C;,) were further
characterized as Gly-Gly and Gly-Ala, respectively, from their R,y values on ion-
exchange chromatography®. There are about 54 possible dipeptides (Gly-Ala) in.the
a,-chain of rat and calf skin collagen??—33, and if ail these were actually produced by
the hydrolysis they could, theoretically, account for 108 amino acid residues (ap-
proximately 109]) of the e;-chain while still producing only one spot, C;,, on the
- chromatogram. In a partial hydrolysis study of steer hide collagen, using concentrated
HCl at 37° and ion-exchange separation, Kroner er a/3%3° identified ten N-terminal
glycyl peptides of which Gly-Gly and Gly-Ala were two. They also identified the tri-
peptide Gly-Pro-Hyp, and the dipeptide Gly-Pro. The former represents about 109
of the glycine residues in collagen while the latter is the most repetitive dipeptide in
- the molecule??. None of the N-terminal glycyl peptides identified by Kroner ez al.3*3
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Fig. 3. Chromatogram of bovine collagen hydrolysate stained with isatin (Reagent No. 10).

contained arginine, whereas one, C,s, in our study contained this amino acid (Fig. 2).

The iminec acids proline and hydroxyproline, taken together, account for two
of every nine residues in collagen?'. Four prolyl, or hydroxyprolyl, N-terminal
peptides were specifically identified, three of which (C,s, C,4,-and Cg) had not been
detected by Cd-ninhydrin. There are about 111 residues of hydroxyproline in the a,-
chain of rat and calf skin collagen®?-33.. All of them exist as Hyp-Gly, except one,
which is Hyp-Hyp. Kroner et al3%3% identified one peptide as Hyp-Gly. This was the
only N-terminal hydroxyproline peptide isolated by these workers and no N-terminal
prolyl peptide was'identified. It is possible that this dipeptide is one of these three
spots (C;s, C,7, or Csq) and could account for up to 22% of the a,-chain. The fourth
peptide, Cs,, contamed methxomne also (F igs. ‘3and 4) and is discussed under methionyl
peptides.

Hlstldme is present in ail vertebrate collagen to a small extentz‘ and pla.ys an
important roie in the intermolecnlar cro&hnkm«r‘?. There are about szx resndues of
histidine per 1,000 residues of bovine achillés tendon. collagen®.

-Six histidine-containing peptides were identified in the present stt.dy (see Fig ’
5) compared with none in the earlier study®-3, One of the spots, C;, was found to
have histidine as the N—te—mmal amino-acid and aIso to co&tam argxmne. “There are
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Fig. 4. Chromatogram of bovine collagen hydrolysate treated with platinic iodide (Reagent No. 2).

only two histidine residues in the helical part of the e,-chain of rat and calf skin col-
lagen®>—33, and both exist as His-Arg; hence, it is possxble that spot C; could account
for this sequence.

There are some 33 to 54 arginine residues per 1,000 residues of bovine achilles
tendon collagen®. Five arginine-containing peptides were found in the tendon col-
lagen hydrolysate (Fig. 2), one of which (C,;) bhad glycine as the N-terminal amino
acid. Eight arginine-containing peptides had been identified previously in the
hydrolysate of hide collagen-"'ss but none had histidine or glycine as the N-terminal

residue.

There are about 41 Arg-Gly peptides in the ¢,-chain of rat and calf skia col-
lagen?®>-32 and, if all of these were released as the dipeptide, they would, while forming
one spot only on TLC, account for over 80 amino acid residues (8 % approximately)
of the g,-chain. We did not attempt to characterize the arginyl peptides completely,
but one of the peptldes in the study by Kroner ef 2f.3%3° was characterized as Arg-Gly.

' ~ The major vertebrate collagens contain five to tweive methionine residues per
a chain. As well as.the free amino acid, Cs;, bovine collagen hydrolysate gave two .
spots which were identified as methionine-containing peptides. One of these, Cs,, has

‘been shown above to have an N-terminal prolyl {or hydroxyproly}) residue. Frcliue
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Fig 5. Chromatogram of bovine co]lagen hydrolysate stained wiih'Pav.ﬂy’s reagent (No. 5) B

is the residue which is usually on the N-terminal side of methxomne in the ag-

chain®*-%% and the a,-chain®*—*' of rat and calf skin ccllagens. Therefore, the N-

terminal residue in spot Csy is more likely to be proline than hydroxyproline. Hence,

this peptide could correspond to the sequence Pro-Met, present in ¢,-CB1%, a,-

 CB2% of rat skin collagen (Type I) and a,-CB7*! of calf skin collagen; and also of a,-
CB1% of calf skin collagen. Thus, Pro-Met could be releaséd from all above. posmons'
while still giving only one methionyl spot on TL C.

' The other methionyl peptide,-C,, contained b;stldme somewhere in its se-
quence. The only region in the @,-chain of rat skin collagen which contains both
methionine and. histidine residues in close proximity is that in the helical posstmn"
where methionine is at position 102 and hlstldme at Dosmon 1.0525 27 The sequence‘

“around this region is: SRR . -

—Arg—Gly—(Leu—Hyp—Gly—Thr—AlaéGly-Leu¥Hyp—Gly—MetéHyl~Gly—Hlé)—A‘rc—'- v
(91 (92) {93) €94) (95) = (98) (97) (98) €S9) - {100) (101) (10’) (l(b) (104) (iOS) (106) o
Since there was no reaction for argmme or N-termmal glyeme, Cl cou!d contam any

sequence from positions 93-105, the only restriction being that nelthet glycine. nor .
: hydroxyprolme could be’ present at the N—termmal reszdue. Kroner et a[:?;* -35 foundu
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TABLE IV

VGLUCAGOV HYDROLYSAT E AMINO ACIDS AND PEPTIDES- IDENT[F!ED

) Sgaz . Fdentity. VData for conclusion
Ry X 100 values Reaction
Solvenr.  Solvent Reagent Colour
A B . No.
G 28 0
Keh - 510
G; Tyr-containing peptide 66 8] 5 Brown-orange
- : 6 - Blue
‘G, Trp-containing peptide 84 0 7 Purple
Gs . Trp-containing peptide 93 5 7 Purple
G’ 78 16
Gy 69 14
G: 75 10
Gy Tyr-containing peptide 68 7 3 Brown-orange
. ‘ : 6 Blue
Gipo Met-containing peptide 68 10 2 White
G11 60 3 ’
G2 Glu 56 1 3 Grey
Gy, Asp - 49 1 3 Grey
Gy N-Giv peptide 49 8 1 . Yellow
Gys Arg-containing peptide 41 3 4 Red
Gis Arg-containing peptide 39 7 4 Red R
Gy N-His peptide 31 3 5 Red
3 Purple (UV)
Gis Arg 23 5 4 - Red
Gie Arg-containing peptide 18 1 4 Red
Gz, N-Ser peptide containing Arg 11 3 4 Red
. 8 Yellow (UV)
G,y Arg-containing peptide 22 10 4 Red
G His 16 18 3 Green
(visible light)
Purple (UV)
5 Red
. Gz Lys 20 i7
Gy : 21 25
. Gz 18 38 .
-G - Gly 39 i2 1 Orange
C 3 Green-grey
9 +7
or Purple-orange
10+ 7
Gz 37 15
Gz; ) 32 12
G Met-containing peptxde ' 48 13 2 White
Gag Ala 56 14 3 Grey
"Gy | Ser - 41 - 27 8 Yellow (UV)
Gs: Thr 48 54 .
G 50 72
G 36 .55
- Gis  Tyr 67 26 10 Blue
o i 5 Brown-orange
.6 Blue

{ Continued on p. 224)
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- TABLE IV (continued)

Spor~ Identity i - Data for conclusion
’ Ry X 100 values . Reaction )
Sclvent - Solvent  Reagent Colour -
) A B - Ne.
Gig ST _ s7. 39 :
Gsy Met : - 69 . 41 10 . Blue
' : -2 - White
Gis _ 8 = 37 R o
Gis Trp-containing peptide : 92 38 7 Purple
Gyo Leu 81 55 - :
Gy, Phe ) 73 - 55 .. 10 Blue
Ga2 Trp 63 43 7 Purple
Gy . 67 66
Gy 69 76
Gy 69 86
Gus 85 81
Gys 85 88
Gy  Trp-containing peptide ) 91 89 7 Purple
Gys Trp- and Met-containing peptide 91 80 2 White
: . 7 Purple
Gz Trp- and Met-containing peptide 92 67 2 White
7 Purple

HIS- SER- GLN-,GLY- THR- DHE=,thr- ser- ASP- TYR-
) (2) (3) (&) (5) (6) (7)) (8) '(9) (10)

G

17 =7 S48 Y G4 & Gg—

)

ser- lyse TYR- LEU- ASPa: SER= ARG | ARG= (ALA- GLE= .
(11) (32) €13) (18) (15)!(16) (17):(18) 1(19) (20)

- -
(P,

G

d

20

<« 85 &G

ASP- ,phe- val-!GLN-!TRP-|LEU- MET- ASN- ﬁ;r
(21} {(22) (23) (22)! (25)'(26)1(27)’(28) (z

l
H (
1

%G&——-ﬁ
'9349 & G' ﬁ‘

é Gio& %9
Fxg. ‘6. The amino acid sequence of glumgon

-
e
-
-

S

.-

....-— -

only one methionine-containing peptide in steer hlde collagen, uz.. Giu-Met. This -
sequence occurs in ¢,-CB0* and ¢;-CB5%.
All the above information was obtamed 'rom about 2 mc of col!acen. Clearly,?
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* much more mformat:on could be obtalned by eEutmg and analysing 1nd1v1dual peptides
“further, as might be reguired in a study of abnormal collagen. The next step was to see
whether the technique which had been successfully developed for collagen could be
adaptea to other protems of dlﬁ’erem, but knovm structure.

Glucagon : -

' The main function of this pancreatlc hormoene is the prcmotlon of hyper-
glycaen:u *2_Tn thisrespect, glucagon may be considered as the opposite, in physiological
terms, of the other protein hormone, insulin. It is a straight-chain polypeptide of 29
amino acid residues (mol. wt. 4,000 approximately) and its structure does not involve
any covalent crosslinks. In all, 50 peptides or amino acids were separately detected on
TLC by the method outlined above, and 2 list of spots is given in Table IV, together
with their characterization data.

The known structure of glzcagon is given in Fig. 6. The pattern of spots detected
by staining with Cd-ninhydrin is shown in Fig. 7. All the amino acids present in
glucagon, except valine, glutamine and asparagine, were identified as free amino acids
on TLC. Valyl peptides have been reported previously to be fairly stable to acid
hydrolysis*®, and asparaginée and glutamine would presumably be converted to aspartic
and glutamic acids.

< 36
k- @ 033
5 32
] 31
.,
<z
X
-Solvent B. - A,

: Fzg 7. Chmmatogram of zlt.mzon hydro!ysate stained with Cd-ninhydrin (Reagent No. 1).
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OnIy one hlstldyl peptlde Gﬂ, was detected on Lhe chromatograms and th,s :
was shown by reagent No. 3 to be an N-terminal histidyl peptide. As there'is on;yﬁ
' one histidine residue.in the chain, this must alsc occupy the N-terminal position in
the glucagon molecule. The peptide had different Ry values from the synthetic di-
peptide His-Ser, and, because of its acidic nature, it probably contained glutamic acid
" (from glutamine at position 3, Fig. 6). Hence, —His-Ser-Glu- could account for part,
or all, of the peptide in spot G,5. - @ &

One N-terminal glycyl peptide, Gh, was found, ‘and since there is.only one
glycine residue which is at position 4, this peptide must commence at this position.
The Ry values of this spot were diﬁ'erent from those of the synthetic dipeptide Gly-
Thr, and so phenylalanine at position 6 must be present in the sequmce Hence, the

partial sequence —Gly—Thr—Phe— could account for this pept.de.
@ G ®

00 O

Solvent A

Solvant B - —

Fig. 8 Chromatogxam of glumgon hydrolysate stamed with Fohn-C;ocalteu S rmgent {(No. 6)

Two tyrosxne~contam.ng- peptides, C.3 and Gg,,were det_ected (Fig. 8). They
could be of one, or both, tyrosine residues at positions 10 and 13 in the chain. - =~
‘Five arginyl peptides (Gys, Gis Giss Gao and Gi,) were detectad, of which
‘three were capable of giving direct information (Fig. 9). All of these must contain
‘one, or both, of the only two aremme residues which are a.d_)acent at posztlons 17 and



b
N
~

- TLC EXAMINATION OF PROTEIN SEQUENCE

AN G
<,
o
8 50
:‘3, © 16
;8
9@21
19
20
x
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Fig. 9. Chromatogram of glucagon hydrolysate stained with pentacyanoaquoferriate (Reagent No. 4).

18. Spot G,, also had serine as the N-terminal residue and had a marked basic nature
which could have been caused by the presence of two arginyl residues. The partial

sequence —Ser—Arg-Arg— could be accounted for by this peptide. Spots G5 and Gy,
: ey a7n s
had high Ry values in the first solvent system A, which could be accounted for by the

. presence of at least two acidic amino acids when only one arginy! residue is present.
Glutamic acid from glutamine (at position 20) and aspartic acid (at position 21) are
‘the most likely residues to be present in G5 and G, which could tentatively account

for the partial sequence —Arg—Ala—Glu-Asp- in glucagon (Fig. 6).
B asy (9 0 @y
One of the most interesting findings was that, despite the fact that tryptophan

is fairly readily destroyed by acid, six well-defined tryptophan-containing peptides (as
- well as free tryptophan G,,) were identified when a chromatogram was treated with
Ehrlich’s’ teagent (Fig. 10). This observation is, however, in agreement with a similar,
‘recent finding by Perry ef al.** of little destruction following mild acid hydrolysis. As
there is only one tryptophan residue in the glucagon chain (at position 25), this amino
‘ cxd. acts as a marked residue in the same way as a radioactive label would, and
_analysns ‘of the simple peptides would give definite characterization of partial se-
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Fig. 10. Chromatogram of glucagon hydrolysate stained with Ehrlica’s reagent (No. 7).

quence around the tryptophan. The chromatographic movement of G, indicated that
it 'was a highly acidic peptide, and it is most likely that glutamic acid, coming from
glutamine, accounts for the acidity. The sequence ~Glu-Trp— could be part, or all,
of peptide G, and this could account for the residues 24 and 25 in the glucagon
molecule (Fig. 6). Two of the tryptophanyl peptides, Gy and Gs,, also contained

methionine, and these must both contain the residues —Trp-Leu-Met—.
sy s @2

Besides G,,g, Gs, and free methionine, two other methionine-containing pep-
tides, Gy and G,g, were present (Fig. 11). There is only one methionine residue in the -
molecule, and specific staining therefore labels its position (27) in the same way as the
position of tryptophan (25) was labslled. Since peptides G,y and G,4 did not give any
specific reaction for other amino acids and also since they were acidic in nature, their
sequences probably lie within residues 26 to 29 of the qucavon chain, and they. Would

bo_h contain the sequence —Met—-Asn-—.
en e 7
The above information on glucagon » was obtamed dxrecﬂy from the examina-

tion of a few peptides on the chromatograms; and it will be clear that analysis of the
36 separated peptides should yield vu'tuallyr_;ze whole sequence structure. Ce;tam_ly, »
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Fig. 11. Chromatogram of glucagon hydrolysate treated with plaiinic iodide (Reagent No. 2).

differences between two types of glucagen molecule could be readily apprehended
without detailed analysis.

Insulin

Insulin was considered to be a good protein on which to test the method since
the cysteine bridges present a peculiar difficulty in structural analysis (Fig. 12). Thus, in
order to determine its structure, Ryle and Sanger!® found it necessary to oxidize the
A and B chains with performic acid and analyse them separately. The present study
was carried out on the protein directly without separation of the chains and without
preliminary oxidation of the —SH groups. It was therefore carried out under the most
difficult conditions in order to see whether useful information could still be obtained.

Thirty-three individual fragments were detected on the chromatograms of the
insulin hydrolysate, including all sixteen amino acids (see Table V and Fig. 13). Seven
cysteine-containing peptides were specifically identified in all, which was not large in
view. of the number (six) of cysteine residues present in the molecule. This, and the
consistency of the hydrolysis pattern, tended to confirm that re-arrangement of the
‘cysteinyl peptides, as observed by Ryle and Sanger'®, was not a serious problem under
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TABLEV. L ,
* “ INSULIN HYDROLYSATE AMINO ACIDS AND PEPTIDES IDENTIFIED

* TLC EXAMINATION OF PROTEIN SEQUENCE

W
w
o~

. -Spor  Ideniity.

Pate for conclusion

Re x 100 values

Reaction -

E Sol vent  Solvent

Reagent Colour

i P

: A - B No. ‘
I ‘Residue containing Tyr, Arg,and Cys . 0 0 5 Brown-orange
: : ] 6 Blue
4 Red
o B 2 White
Cys- and His-containing peptide 9 5 5 Red
. ‘ 2 White
1 Cys- and His-containing peptide - 14 -0 5 Red
) 2 White
1. Arg- and His-containing peptide 28 0 5 Red
- : 4 Red
Is Cys- and His-containing peptide 37 0 5 Red
2 White
Is Cys- and Tyr-containing peptide 52 0 5 Brown-orange
- 6 Blue
i 2 White
I; Cys~ and Hiscontaining peptide 73 Q0 5 Red
' 2 White
Is Cys- and Tyr-containing peptide 88 0 5 Brown-orange
: - 51 Blue
2 White
Is 83 9
T - 69 5
I N-Pro peptide &0 3 90r 10 Blue
) £ Gilu 55 1 3 Grey
I: Arg 23 4 3 Purple
. 4 Red
Lis His 15 18 3 Green
: (visible light)
Purple (UV)
5 Red
Lis Lys 18 17
g ) h 27 32
Iis Gly. 38 10 3 Grey-green
Lo Ser 40 25 8 Yellow (UV)
I . 46 14
j Y Ala 56 12 3 Grey
) I Pro - 57 18 9 or 10 - Dark blue
: 9+7
or Blue
10 + 7 -
I Tyr 68 24 .10 Blue
. 5 Brown-orange
I Val 72 35
) o 83 25
I Thr .. 48 53 N
73 53 10 . Blue

RS P

Phe -

{ Continued on p. 232)
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ABLE V (continued)
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. Dara fq}',éonclu.s'ibiz' L

Spot . Identit){l - :
N Re X 100 values' . Reaction
- Sclvent = Solvent = - Reagent Colour
A B " No. .
‘Ls  Leu 82 53 ]
Iz  He - 82 - 49 g ! _
I Tyr—contanmg pepnde 86 - 73 5 Brown-orange -
o o 6 Blue*

Iss Tyr<containing peptide 87 - 85 5 Brown-orange
] : 6. ‘Blue :
Ls . 63 92
A S 1

o 25 5 28 “

0 Qg G
30 .
| o, o7
33 -
< .
» @
§ 26
>
L)
[~3
w3
O
‘Solwent B >

Fig. 13. Chromatogram of insulin’ hydrolysate stained with Cd-ﬁinhydrin (ll_eageht No.1). -

the present condmons of hydrolysxs S : _
For the separatlon of the free ammo acxd, cysteme, from the sulphur- :
" containing p‘,ptxde 1, it was necessary to use a dxﬁ’exent solvent system (C) m the sec-
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, ond dzmens:on (Fxg 14\ Thxs system was Soivent No. 2 descnbed in ref. No. 2 It
-was also used oa the chromategrams shown in Figs. 15 and 17.
7 --I¢ is clear that, even without separation of the A and B ‘chains, full analysis
of the seventeen distinct peptides would go a long way towards defining the full se-
‘quence of insulin. However, some deductions could be made directly from visual
examination of the plates, and these wﬂl now be related to the known structure of
- insulin (Fig. 12).

, Spot I, contained both argmme and histidine. Since there is only one arginine
residue in the insulin molecule, this must be at position 22 in the B chain. Since no-
specific reactions were given by this pepiide for cysteine or tyrosine, it could not

" consist of the whole sequence of positions from 10-22 in the B chain. Spot I, therefore,
~consisted of two peptides in coincidence which were identified as follows: ’

1. arginine-containing peptide —Since glycine was not detected and the
presentce of an acidic amino acid was indicated by the chromatographic movement
(Fig. 13), the sequence pointed to that of -Glu-Arg~ in the B chain.

21) (22)

Solvent A

Solvent € - >

Fig. 14, C‘nromatogram of msulm hydrolysate tre‘;ted with platinic icdide (ngent No. 2).
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, I, hxstldme-ccntam_ng peptide —The hzstidme resrdue in thlS pept:de could‘
be at either position 5 or position 10 in the B chain.

The four spots I,, I3, Is and I; were 1dent1ﬁ=d -as both. cysteme— and hlstxdme—'
containing peptides (Figs. 14 and 15). It would seem that both histidine residues at
positions 5 and 10 and cysteine at position 7 in the B chain are involved; possxble
involvement of cysteme residues at positions 6, 7, and 11 in the A chain is also likely.

Spot I;, was identified as an N-terminal prolyl peptide (Fig. 16). This spot was
not detected by Cd-ninhydrin. There is only one proline residue which is at position
28. Hence, this peptide must contain at least the sequence —Pro-Lys—in the B chain
of msuhn 28 (29

Solvent A

Solvent C 3

Fig. 15. Chrornatogram of insulin hydrolysate stamed with Pauly s reagent (No. 5).

Four ryrosme-contamm peptides were uetected in addmon to free L'yrosme
(I.3). The chromatocram (Fig. 17) of peptides Iy and I, points to the presence of a
_ very mobilé amino acid in the sequence of each peptide, which is probably leucine**.
Spot I, travelled further than L, in both solvent systems, which could be explained
by the presence of a further leucyl group. Therefore, —Leu-Tyr-Leu- could be part,
or all, of peptide IL;. The latter sequence. accounts for the partial sequence -

—Leu-Tyr-leu-in the B cham of msulm. Peptldes Is and I, i m addmon to coatammg
15y (18) (17) . -
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Bolvent A

| 3
Solvent B —>

Fig. 16. Chromatogram of insulin hydrolysate stained with isatin (Reagent No. 10).

tyrosine, also contained cysteine, which could be either at position 20 in the A chain

-or at position 19 in the B chain, or at both. Spots I and I; had an acidic nature.
Therefore, the acidic amino acids in the sequence. near to cysteine (positions stated
above) and tyrosine at positions 14 or 19 in the A chain, or position 16 in the B
chain, could be present in the peptides I and Iz. Tyrosine, at position 26 in the B
chain, could not be involved in spots Is and I3 because arginine was not present in
- these peptides. Separation of the A and B chains of insulin would clearly produce
much more information, but the study was not pursued. )

CONCLUSION

It will be seén that a considerable amount of useful information about the

. amino acid sequence of proteins can be gained from a rapid visual examination of
their partial hydrolysates by TLC. While it is not suggested that this micro-technique
"can replace modern automated methods of total sequence determination, nevertheless
it-scems to be well suited to the comparative analysis of abnormal proteins which
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~ Oa R .' - o .
30

Solvent A

3

Solvent C >

P

Fiz. 17. Chromatogram of insulin hydrolysate stained with Folin—-Ciocalteu’s mgént (No. 6).

differ only slightly in structure from their normal analogues. In view of the results
which have been obtained with collagen, the technique is now being applied to a study
of the dermis collagen in Osteogenesis imperfecta®.
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