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ABSTRACT

The aim of this pnroject was to determine the
carboxyl tserminal amino acid seguence of the heavy
chain of human comnplement subcomponént Cis. The
proteolytic clesavage of a peptide bond(s), probably
at an Arg-Ile bond, of the single chain C1s yields the
active serine protease Cis composed of a heavy and
light chain. A knowledse of the amino acid seguence
preceding the scissile Arg-Ile bond would allow the
chemical synthesis of a model peptide substrate for the
Cis-activating enzyme Cir.

Human C1s was purifiied to homogeneity by euglobulin
precipitation and repeated ion exchange chromatography.
Unactivated C1s, which could be activated by incubation
with partially purified CTF, was isolated by perforaning
all purification steps in the presence of the serine
protease inhibitor ohenylmethane sulphonylfluoride and
at low temperature. The heavy and light chains of
activated C1s were separated by ion exchange chromato-
gravphy in the vpresence of denaturant following thorough
disulphide bond reduction. '

Isolation of the carboxyl terminal-derived peptide of
the Cls heavy chain by peptide mapping as well as by
chemical modification of protein carboxyl groups was
unsuccessful largely due to the high molecular weight of
the protein substrate. Digestion of Cis by carboxy-
peptidase B resulted in the very rapid release of arginine
in a quantitative yield presumably from.the carboxyl
terminus of the Ci1s heavy chain. '

Affinity chromatography using immobilized anhydro-
trypsin was successful in isolating the carboxyl terminal
chymotryptic veptide of the Cis heavy chain. Anhydro-



tryosin displays a remarkably specific affinity for
trypsin product-like peptides nossessing a carboxyl-
terminal arginine residue. Attempts to determine the
entire amino acid sequence of the isolated peptide were
prevented by the difficulty in obtaining sufficient
material. However, by determining tbe N-terminal amino
acid sequence and amino acid composition of this peptide
as well as by nerforminz further peptide fragmentation
by trypsin the following partial primary structure is
proposed:
GIn-G1ln-Lys-G1x-Yal-Pro-Glx-Gly- [Thr, Ser, (Leu), Ala] -
Lys=-Glx-Glx-Asx-Arg.
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Complement Nomenclature

The nomenclature of comnlement components and
subcomponents is that recommended by the Vorld Health
Organisation (1968). The components of classical
complement are designated numerically, eg. C1, C2, C3,
es+C9. The activated forms of complement are indicated
by a bar above the symbol, e.g C1 is the enzynically
active form of C1, C5,6 is the sctive complex of C5
plus C6. Fragments are described by adding a lower case
letter, e.g. C3 fragments C3a, C3b, C3c¢c, C3d. Subunits
of a macromolecular complex are designated by a lower
case letter, e.g. Cig, Cir, Cis.



CHAPTER I

INTRODUCTION

1.4 Complement Action

Human complement is a complex system of at least fifteen
distinct serum proteins (Reviewed by Fothergill and Anderson,
1978). It is an essential part of an immune person's
capacity to recognize foreign substances and to defend
himself against infection by invading pathogenic organisms.

The bactericidal activity of fresh serum consists of
both a heat-stable specific component, antibody and a heat-
labile nonspecific component, complement. Antibody is
responsible for the recognition and agglutination of foreign
cells as well as the subsequent activation of complement.
Complement action results in the lysis of the invading
organism as well as the production of potent pharmacological
5 effecté. Although nonspecific in immunological terms,
complement is highly specific in biochemical terms.

Activation of the complement cascade initiates a sequential
series of protein-protein and protein-membrane interactions.
Protein-protein interactions consist of either limited
zymogen proteolysis to directly form an active protease from
complement components or protein binding of activation
fragments of several complement components to form a protease
or to bind to and modify that protease's substrate specificity.
Soluble complement components are able to undergo transition
to membrane constituents through the generation of binding
regions. The complement components are all high molecular
weight glycoproteins (85-200,000' daltons), containing five to
ten percent carbohydrate and are present at low concentrations
in serum. (Miller-Tberhard, 1975).

" Complement action can conveniently te divided into three
phases:

(1) The generation of a C3 activating enzyme



(2) €3 activation _ |
(3) Assembly of the multimolecular complex causing cell lysis.

(1) C3 - Activating Enzyme Generation

Activation of the complement cascade may occur by two
parallel but independent pathways: (i) the classical pathway
and (ii) the alternative pathway, both of which produce a
C3 = activating enzyme. Figure 1.

(i)~ The Classical Pathway
Aggregated antibody or cell-bound antibody of sensitized
cells binds to the first component of complement, C1 and results
in the activation of the s subcomponent of C1 to yield an
active protease, Cis (Porter, 1977a).
Activated subcomponent C1s then proteolytically converts C2
and C4 into forms capable of interacting and together
comprising another protease, the C3 convertase (CHTE).

C4 is a triple-chain glycoprotein (molecular weight
200,000 daltons) in its inactive precursor form, which is
cleaved by C1s near the amino terminal of the largest of the
three polypeptide chains. This limited proteolysis yields
an 8,000 dalton activation peptide, Cha and the remainder of
the C4 molecule, Chb (molecular weight 200,000 daltons)
binds covalently to the cell membrane or to the Fab part of
the antibody (Goers and Porter, 1978) of sensitized cells
but possesses no enzymic activity. This membrane binding
- ability is rabidly lost if C4b is not bound to the membrane
within a short time of activation.

The single-chain glycoprotein C2 (molecular weight 115,000
daltons) is cleaved by Cis to give C2a (molecular weight
80,000 daltons) which associates with cell-bound C4b to form
a cell-bound C3 convertase enzyme complex, CLb,22. It is the
C2a moiety of the serine protease C3 convertase which contains
the active site serine residue. The smaller C2b fragment is
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thought to be released into solution.

(i1) Another distinct C3 convertase can be generated by
the alternative pathway of complement. This pathway is
activated by complex bacterial, yeast or plant cell wall
polysaccharides as well as the IgA immunoglobulin class and
results in the activation of factor D (molecular weight
25,000 daltons) to give an active serine protease factor D.
The in vivo activator is unknown while in vitro trypsin
activates factor D. (Volanakis et al, 1977). Factor D then
cleaves the single chain factor B (molecular weight 30,000
daltons). Factor Bb is analogous to C2a in the alternative
pathway C3 convertase complex, (C3b,Bb). Following production
of the C3 convertases, the classical and alternative pathways
share common steps.

(2) C3 Activation

c3 (molecular weight 195,000 daltons) is a two chain
glycoprotein present in plasma at a ten-fold higher
concentration than any of the other complement proteins. It
is considered to play a central role in complement action.
A single proteolytic cleavage by either the classical pathway
C3 convertase (CHETEE) or the alternative pathway convertase
(C?E:EE) liberates a C3a activation peptide (molecular weight
9,000 daltons) from the amino-terminal end of the heavy chain
of C3.

C3a is an anaphylatoxin posseésing potent pharmacological
~activity inclﬁding contraction of smooth muscle, histamine
release from mast cells and chemotaxis of leukocytes, thus
mediating the inflammatory response. This action is inhibited
by a plasma carboxypeptidase B - like anaphylatoxin inactivator
which removes the carboxyl-terminal arginine residue essential
for activity.



The remaining molecule, C3b, possesses cell surface
binding properties. However if C3b is not bound to the cell
membrane following activation this membrane-binding ability
is lost due to proteolysis by a C3 inactivator (C3 INA)
(Harpel and Cooper, 1975). A cell coated with many C3b
molecules results in immune adherence and the stimulation of
opsonization thereby promoting cell phagocytosis. As C3b is
required for C3 activation in the alternative pathway a
positive feedback mechanism exists whereby C3 convertase will
stimulate its own activation by producing more C3b. As well
as binding to cell membranes C3b also binds to its own
activating enzyme, C3 convertase through the Chb or factor B
moieties. This binding results in a modification of the C3
convertase substrate specificity and the new enzyme, C5
convertase (CLb,2a,3b or C3bn,Bb) now cleaves an analogous
peptide bond in C5.

(3) Complex Assembly and Cell Lysis

c5, (molecular weight 205,000 daltons) is similar in
structure to C3. C5 activation also results in the release
of an anaphylatoxin from the amino terminal of the C5 heavy
chain. C5b (molecular weight 195,000 daltons) is able to
bind to cell membranes and also to C6. It is proteolytically
inactivated by the C3b INA if not bound soon after activation.
C5 convertase cleavage of C5 is the final proteolytic step
in complement activation. Subsegquent complement action 4is
solely by protein-protein and protein-membrane nonenzymic
physicochemical interactions. (Miller-Eberhard, 1975). The
C5b generated acts as a nucleus for the self-assembling
membrane attack complex of C5b,6,7,8,9.

Both C6 and C7 are single polypeptide chains of molecular
weight 125,000 daltons while C8 is a triple-chain protein
(molecular weight 155,000 daltons) capable of binding to the
membrane-bound C5b,6,7 complex. The large hydrophobic
chain located inside native C8 is involved in the initiation
of membrane damage. The addition of C9 (molecular weight
75,000 daltons) results in the generation and stabilization
of membrane pores. These pores are of 10 nm diameter and
are visible by electron microscopy. (Knobel et al, 1975).
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Two major complement control proteins are the C3b INA
already mentioned and a C1 inhibitor (molecular weight
100,000 daltons). C1 inhibitor blocks C1 activity by
stoichiometrically complexing with the serine proteases
Cir and Cis. (Ratnoff et al, 1969). A further control
point is the rapid spontaneous decay of C3b, Ci4b and C5b
membrane binding ability if not membrane bound immediately

following activation.



12 C41 Subcomponents

The first component of the classical pathway of
complement is composed of three subcomponents: C1q,Cir and
C1s held in a complex by calcium ions. The C1 subcomponents
are so-named because of their order of elution during DEAE
anion exchange chromatography in the presence of EDTA using
salt gradient elution. (Lepow et al, 1963).

In serum or 5 mM CaCly two molecules each of Cir and Cis
are bound by calcium in a tetrameric complex of molecular
weight 350,000 daltons represented by: Cirp-Ca*+-Cispo. An
octomeric complex has also been proposed (Nagasawa et al, 1974) .
Maximal haemolytic activity occurs with a molar ratio of Ciq:
Cir: Ci1s of 41:4:4 and as serum molar ratios are approximately
1:2:2 this is suggestive of one Cirpo-Ca**-Cisp tetramer
binding to each C1q molecule. (Gigli et al, 1976) (Porter, 19772,
(Ziccardi and Cooper, 1976). Little interaction occurs between
the Cir-Cis tetramer and C1q in the unactivated C1s state. i
(Nagasawa et al, 1974) (Porter, 1977a). However, upon activation
of complement this binding is increased with no dissociation
of subcomponents occurring and so resultant Cis proteolytic
activity is associated with the whole C1 complex. C1 Inhibitor
binding does release a Ci1-Inhibitor-C1s/Cir complex leaving
C1q-Ag-Ab bound to the cell membrane. (Sim et al, 1979).

Subcomponent Cig (molecular weight 410,000 daltons) is a
unique glycoprotein composed of six A,B and C chains each of
about 23,000 daltons molecular weight. Each chain is linked
by a single disulphide bond through residue cysteine-4 to

form six A-B and three C-C subunits. Each C-C subunit is
‘associated noncovalently with two A-B subunits to form a gross
C1q structure of six identical A-B-C subunits resembling the
so-called 'posy of tulips' in electron micrographs in which

each 'tulip' is represented by one subunit. The 'stalk' of
each "tulip' consists of a 78- residue length of collagen -
like triple helix formed by the interaction of the A,B and C
chain of each subunit. It is this region of C1q which binds
the Cir-Cis tetramer through Cir (Porter, 1977). At the
carboxyl terminus of each subunit is a globular pod-like



7.

region which resembles the 'petals' or 'flowers' of the 'tulips'.
It is this globular region of each C1q subunit.which binds to
-the antibody molecule. Not all antibody is able to activate

the classical pathway of complement. IgM and the IgG dimers

of subclasses 1, 2 and 3 do while IgG subclass 4, IgA, IgE

and IgD do not bind to C1g to activate complement. (Frank,
1979).

The first event leading to complement activation is the
binding of the foreign cell-surface antigen to the variable
domain of the Fab portion of antibody. This allows the Ciq
C - terminal globular heads to bind directly to the Fec region
of antibédy; possibly to a C1q binding site exposed on
antibody reaction with antigen. Thus C1q binding and
subsequent complement action is independent of antibody
specificity which resides only in the antigen-antibody Fab
reaction. C1q is unable to bind parent antibody but it is
able to bind to heat-aggregated Fc¢ fragments of antibody or
heat-aggregated whole antibody in addition to the in vivo
antibody-antigen complex. (Taranta and Franklin, 1961),
(Ishizaka et al, 1962).

The end result of antibody binding to the C - terminal
globular heads of C1q is the activation of Cir to give the
active protease, Cir. The rate of Cir activation in the C1-
Ab-Ag complex is the same whether Cis, Cis or inactive dipf-
treated C1s is used. If no Cis is present at all then no
Cir activation occurs suggesting that C1s is required in a
non-proteolytic role. (Dodds et al, 1978). Dipf added to
C1-Ab-Ag complexes prevents C1s activation but not Cir
activation indicating that dipf inactivates Cir as it is
formed. During Cir activation a single-chain reactive
intermediate is thought to be formed before chain cleavage
occurse. This intermediate is able to activate Cir in the
C1 complex but in solution Cir does not self-activate (Dodds
et al, 1978). Further evidence has been found consistent with
an intramolecular auto-catalytic activation mechanism involving
an intermediate Cir prosite of the Cir dimer. (Arlaud et al,
1980). These workers however, found that Cir was able to
self-activate in solution. A consequence of Ciq binding to
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antibody is a firmer binding between C1r and C1q, possibly

due to conformational changes transmitted from the antibody~-
bound C - terminal heads of C1q to the Cir binding site of
C1qe As calcium is known to decrease Cir activation C1q may
remove calcium from a critical site in Cir thus allowing
auto-catelytic activation of Cir by the low catalytic activity
often associated with zymogens of proteases. (Kassell and
¥ay, 1973) (Londsdale-Eccles et al, 1979). A combination of
these possible mechanisms for Cir activation may be involved.

Subcomponent Cir in its zymogen form is a single polypeptide
chain (molecular weight 85,000 daltons) and is a dimer both
in the presence and absence of calcium. (Sim and Porter, 1976)

(Ziccardi and Cooper, 1976). Activation is brought about by
the cleavage of a peptide bond(s) to yield two disulphide-
linked polypeptide chains; the a chain (molecular weight
58,000 daltons) and the b chain (molecular weight 27,000
daltons). Although no detectable loss of mass occurs on
activation the possibility of an activation peptide being
produced does exist (Sim et 21, 1977). N - terminal amino
acid sequence determination of the unactivated C4ir and the
activated Cir a and b chains has shown that the heavy a chain
is derived from the N - terminus of Cir while the b chain is
derived from the C - terminus. (Sim et al, 1977). Figure 2.
The b chain contains the active site serine residue which
binds dipF and also shows N-terminal and active site amino
acid seguence homology with other serine proteases. (Sim-

et al, 1977). Figure 3. The Cir b chain is also of approx-
imately the same molecular weight (24-28,000 daltons) as the
active site serine-containing chains of other serine proteases.
The Cir a chain, which possesses a blocked N-terminus, shows
little amino acid sequence homology with other proteins of
known sequence. (Sim et al, 1977).

Cir possesses an exceptionally restricted esterase and
protease substrate specificity spectrum. Some basic amino
acid esters are reportedly hydrolysed, albeit at very low
rates. Naff and Ratnoff (1968) found the preferred Cir
substrates to be acetyl arginine methyl ester followed by
acetylglycyl lysine methyl ester for partially purified cir.
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FIGURE 2 Activation of C1 Subcompenent Zymogens by Limited Proteolysis

In the zymogen state both Clr and Cls are single chain proteins,
Activation by limited proteolytic cleavage (arrow) yields two
chains linked by one or more disulphide bonds., The smaller b chain
contains the active site serine residue (SER) and possesses the
amino terminal sequence Ile - Tle - Gly - Gly common to many serine

proteases,



Human Cir b chain (a)
Human C1s b chain (a)

Bovine Tryosin (a)

Bovine Chymotrypsin A(a)
Bovine Thrombin 3 chain

(a)

Human Thrombin

(1) (5) (19) (15) (20)
Ile-Ile-Gly-Gly-Gln-Lys-Ala-Lys-Met-Gly-Asn-Phe-Pro-Trp-Gln-Val-Phe-Thr-Asn-Glx
Ile-Tle-0ly-Gly-3er-Asp-Als-Asp-Ile~-Lys-Asn-Phe-Pro-Trp-Gln-Val-Phe-FPhe-Asp-Asn

Ile-Val-Gly-Gly-Tyr-Thr-Cys-Gly-Ala-Asn-Thr-Val-Pro-Tyr-Gln-Val-Ser-Leu-Asn-Ser
Ile-Val-Asn-Gly-Glu-Glu-Ala-Val-Pro-Gly-Ser-Trv-Pro-Trp-3ln-Val-Ser-Leu-Gln-Asp

H

le-Val-Glu-3ly-Gln-Asp-Ala-Glu-Val-Gly-Leu-Ser-Pro-Tro-31ln-Val-Met-Leu-Phe-Arg

(b) Ile-Val-Glu-Gly-Ser-Asn-Ala-Glu-Ile-Gly

Hunan Plasmin B chain

(a)

nan Factor D (v)
Haman Factor XIa (b)

Factor Xa (b)

=
b
E
D

e

Fizure 3.

*2ino Terminal Sequence Homology of

Val-Val-3ly-3ly-Cys-Val-Ala-His-Pro-i{is-Ser-Trp-Pro-Trp-Gln-Val-Val-Leu-Leu-Arg

= *
le-Leu-Gly-3ly-Ar:--Glx-Ala-Glx-Ala-
le-Val-Gly-3ly-Thr-Val :
le-Val-Gly-3ly~-51u-3lu=-Cys-Lys-Aspn-Glu

—

4

H

Ral

the "Snzymie Chain" of Serine Proteases.

"Inzymic Chain" is the chnin containing the =2~tive site serine residue.

in amino acid identical to that in the seguence of Ci1s b chain is indicated by underlining.

(2)

*

from Sim et al (1977)
(b) from Davis et al (1979)

or serine



9.

Other carbobenzyloxy, benzyl and tosyl basic amino acid esters
were not hydrolysed at all under the conditions -used. The
hydrolysis of the acetyl arginine and acetylglycyl lysine
methyl esters by Cir was confirmed recently by Andrews and
Baillie (1979) who also found that N-cbz-tyrosine and -
N-%-cbz-lysine p-nitrophenyl esters were also hydrolysed.
This latter result is in contrast to work by Sim et al (1977)
who found that their preparation of C1r would not hydrolyse
any of the N-%-¢cbz p-nitrophenyl esters of tyrosine,
phenylalanine; leucine and lysine. In a comparative study of
the ester substrate specificities of several serine proteases
Volanakis et al (1977) found acetylglycyl lysine methyl ester
to be the most specific substrate for Cir. This ester was
hydrolysed by Cir at approximately 1% of the Cils-catalysed
rate or 0.3% of the trypsin-catalysed rate. Acetyl arginine
methyl ester was hydrolysed by Cir at only 2% of the rate of
acetylglycyl lysine methyl ester hydrolysis. The only
protein substrate known to be proteolytically cleaved by Cir
is its in vivo substrate Cis.

Subcomponent Cis is similar to Cir with respect to molecular

weight, chain structure and amino acid composition. (Sim et al,
1977), (Sim and Porter, 1976). It is a single polypeptide

chain having an approximate molecular weight of 83,000 daltons
in its zymogen form. (Valet and Cooper, 19?ua,b) (Sim et al,
1977) (Ziccardi and Cooper, 1976). In serum or 5 mM calcium
Cis is present as a dimer while in the presence of EDTA it is

a monomer. '

Proteolytic cleavage by Cir produces an active protease,
Cis, consisting of two disulphide-linked chains, the a and
b chains of molecular weight 56,000 and 27,000 daltons _
respectively (Sim et al, 1977). Figure 2. N - terminal amino
acid sequence analysis of C1s and C1s a and b chains shows
that the a chain is derived from the N - terminus of the
zymogen while the b chain is derived from the C - terminus
(sim et al, 1977) (Takahashi et al, 1975a).  As in Cir, the
Cis b chain contains the active site seriné residue which recacts
with dipF. Amino acid sequence homology of the b chain active
site region (Barkas et al, 1973) and the N - terminal regicu

MASSEY UNIVERSITY

Ty A DA
(STt A



10.

(sim et al, 1977) with other serine proteases has been
noted. Figure 3 and 4. This is particularly apparent when
comparing the N - terminal amino acid sequénces of the Cis
and Cir b chains where 60% homology is observed for the
first twenty residues. Figure 3. The N - terminal amino
acid sequence of the C1s a chain is also known and as with
the C1r a chain no sequence homology with other proteins of
knovn amino acid sequence has yet been found.

Although C1s and Cir are structurally similar the most
striking difference between them is their esterase substrate
specificities. Whereas Cir hydrolyses only slowly acetyl
arginine ﬁethyl ester and acetylglycyl lysine methyl ester
Cis hydrolyses the methyl esters of acetyl, benzoyl and
tosyl arginine plus benzoyl arginine ethyl ester (Volanakis
et al, 1977). C1s also hydrolyses the methyl esters of tosyl
and cbz lysine and to a much greater degree the acetyl and
acetylglycyl lysine methyl esters which are hydrolysed at
30% of the trypsin-catalysed rate (Ratnoff and Levow, 1957).
It is one of the few serum esterases to hydrolyse acetyl
tyrosine ethyl ester and is therefore described as exhibiting
a plasmin-like esterase substrate specificity (Naff and
Ratnoff, 1968) (Volanakis et al, 1977). C1s hydrolyses the
p-nitrophenyl esters of lysine and tyrosine but has no effect
on the glycine, phenylalanine and leucine esters. (sim et al,
1977). This is clearly distinct from the specificities of
trypsin and chymotrypsin. In addition to proteolytically
cleaving its in vivo substrates C2 and C4; CL at an Arg-X bond,
Cis is able to cleave some denatured protein substrates.
(Scott and Fothergill, 1975).

C1s activation is not autocatalytic but requires active
Cir; Cir or inactivated dip-Cir are unable to activate C1s.
No detectable loss of mass occurs on proteolytic activation
of Cis, indicative of a single proteolytic cleavage by cir.
(sim et al, 1977). Lepow et al (1958) have reported no
release of trichloro acetic acid -~ soluble nitrogen during
activation of C1. Takahashi et al (1975a) found no
evidence for the loss of an activation peptide from the



Human C1s (a) -Ala-Cys-Gly-Lys-Asp-SER-Gly-Glu- X -Arg-

SRR PlasTi? -Ser-Cys-Gln-Gly-Asp-STR-Gly-Gly-Pro-Leu-

3ovine Thrombin

(b) -Ala-Cys-Glu=-Gly-Asp-STR-Gly~-Gly-Pro-Fhe
Boving Faotor . . e iomamTomati b i o i imid D
XITa (a) Ala-Cys-Gln-Gly-Asp-S“R-Gly-Gly-Pro

Bovine Trypsy" -ser-Cys-Gln-Gly-Asp-SER-Gly-Gly-Pro-Val

Bovine Factor

8 (c) -Ala-Cys-G1ln-Gly-Asp~-SER-Gly-Gly-Pro-His

Bovine
Chy?ogrypsin -Ser-Cys-Met-Gly-Asp-SER-Gly-Gly-Pro-Leu
A (b

Bovine FQCt?z) -Ala-Cys-Lys-Gly-Asp-STR-Gly-Gly-Pro-His

VII
Factor D (c) -Ser-Cys-Lys-Gly-Asp-SE8R-Gly-Gly-Pro-Leu
Porecine -~ ~ i - e = =T
Elastase (b) _Gly_c!b-uln-uly-.ﬁbp—s.JR—le-Gly Pro-Leu

Figure 4. The Active 3ite Seqguences of Some Serine
Proteases

A residue identical to that in Cis is irdicated by
underlininge.

SER indicates the active site reactive serine residue
(a) from Fothergill and Anderson (1978)

(b) from Dayhoff (1972)

(¢) from Davis (1980)
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N-terminus of zymogen C1s as is the case in bovine trypsinogen
activation where a hexapeptide is released.

It was also pointed out by Takahashi et al (19?5&) that
the newly appeared & amino group of isoleucine is essential
for proteolytic activity of the serine proteases trypsin,
chymotrypsin and thrombin. Perhaps the basic mechanism of
activation is the same for C1s. In the cases of chymotrypsinogen
and trypsinogen the newly appreared % amino group of isoleucine
folds into the interior portion of the protein, giving rise to
the formation of an ion pair with the carboxyl group of an
aspartic acid residue which is adjacent to the active site
serine. (Sigler et al, 1968). This leads to the charge relay
network which is characteristic of pancreatic serine proteases
(Sigler et al, 1968) (Blow et al, 1969). Thus it may be that
the newly formed amino terminal Ile residue of the Cis b chain
also forms  an ion pair with aspartic acid adjacent to the
active site serine residue in a similar manner giving rise to
an active serine protease. Figure L. An essential step in
the formation of active C1s is the cleavage of a specific
X-Ile peptide bond in zymogen Cis. (Takahashi et al, 1975a).
Considering the trypsin-like esterase substrate specificity
of Cir it is likely that Cir acts in a very specific trypsin-
like manner to cleave this specific peptide bond in zymogen
Cis. The X-Ile bond, highly susceptible to Cir cleavage, would
therefore be expected to be either an Arg-Ile or Lys-Ile bond.
The possibility of more than one cleavage site in C1s with
subsequent release of a small internally-derived activation
peptide cannot be ignored. Even if this was the case, then
one part of the C1s activation process would be cleavage of
this Arg-Ile bond. In any event, the cleavage of one specific
Arg-Ile or Lys-Ile bond in C1s is an essential step in the
activation mechanism of Cis. Assuming the simplest case for
Cis activation of one proteolytic cleavage by Cir, Arginine
or Lysine will be the carboxyl terminal amino acid residue of
the C1s a chain while Ile is the known amino terminal residue
of the b chain. Such activation of C1s by Cir can be described
as in Figure 5.



Cir

NHé‘ Glu=Pro=Thr Arg(Lys&Ile—Ile-Gly- Gly T COOH
' S S

Cis

ArglLys)-COOH  (a chain)

H-iz-Glu-—Pro—Thr

(b chain)

NHQ-Glu-—Pro-Thr COOH
Cls

FIGURE 5 Activation of Subcomponent Cis by a Single Proteolytic
Cleavage by Cir

If it is assumed that the simplest case for Cls activation is a
single proteolytic cleavage at Arg (Lys) - Ile then the Ile residue
will become the N - terminal residue of the b chain while the Arg
or Lys residue will become the C - terminal residue of the a chain,

The arrow indicates the site of peptide bond cleavage by clr,

From Takahashi et al (1975a) with corrections of amino acid sequence

from Sim et al (1977)
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In the micro-environment of the substrate binding site
of the Cir active site that portion of the Ci1s polypeptide
which is specifically bound would be expected to have most
influence in determining the site of bond cleavage. The
amino acids of C1s specifically bound or 'recognized' by the
Cir substrate binding site would include those residues in
the immediate vicinity of the Arg/Lys-Ile bond, that is the
amino acid sequence preceding and following the amino acid
residues linked by this specific peptide bond. The substrate
binding site of Cir may be represented by the extended
subsite model according to Schechter and Berger (1967).
Figure 6. If each subsite of the Cir active site accommodates
one specific amino acid residue of the Ci1s substrate and
assuming the simplest case of C1is activation involving only
one proteolytic event then P4'-P2'-P3'-P)'-P5'-etc. will
represent Ile-Ile-~Gly-Gly-Ser-etc., the N-terminsl amino acid
sequence of the b chain; while P4 will represent the postulated
C—terminaliarginine or lysine residue of the a chain. On the
basis of Kinetic studies with model substrates Pp is predicted
to be a small amino acid as the preferred substrates for Cir
are acetﬁi arginine and acetylglycyl lysine methyl esters.
The more bulky benzoyl, carbobenzyloxy or tosyl derivatives
are not hydrolysed by Cir. Exactly how many subsites are
involved in C1s binding is unknown however an enzymé of the
size of Cir should be able to 'recognize' quite a large
portion of a polypeptide substrate.

The reactivity of a specific peptide bond of a protein
substrate depends not only on the two residues P4 and Pq'
forming this bond but also on the nature of residues occupying
nearby subsites. Although P4 dominates substrate specificity
in some cases, it does not dictate it as additional residues
of the substrate act to modulate specificity also. With the
exception of thermolysin and pepsin to some extent, all known
proteases cleave the peptide bond on the C-terminal side of
a specific amino acid residue or class of amino acids (represented
by P4 in Figure 6). This may suggest that amino acid residues
on the N-terminal side of the substrate cleavage site (P4 P2 P3
etc.) commonly have a greater influence in determining substrate
specificity than those on the C-terminal side (P4' Po' P3' etc).



SUBSTRATE Cis

-W-X=- Y- Z-Ag-Te -Ile —Gly— Gly-Ser-

NH, ec [R I IR IR [P R |% P | |5 Jetc

COOH

etc 55 S

3 1S5 [ S 1S IS, [S5 [Se [Ss [ete

PROTEASE Cir

FIGURE 6 Extended Subsite Model Representation of Cls
Ac tivation by CIr

The active site of an enzyme performs both the functions of
binding the substrate and catalysing the reaction, The active site
of CTr 1s divided into 'subsites',each accommodating one amino
acid residue of the polypeptide substrate,Cls, The subsites (S)
are located on both sides of the catalytic site (C). The positions
(P) on the substrate are counted from the point of cleavage (arrow)
and thus have the same numbering as the subsites they occupy. From
Schechter and Berger, (1967). The symbol ' indicates positions on
the substrate which are on the C - terminal side of the point of
cleavage and subsites which specifically bind these residues,
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Because the Ile-Ile-Gly-Gly amino acid sequence (P4' P2' P3' P,')
is conserved in many serine proteases, including CTr and CTs
(Figure 3), it is unlikely that this sequence confers on Cis

the remarkably specific enzyme - substrate relationship of cir
and C1is.

A knowledge of the precise sequence of amino acids at the
C-terminus of the C1s a chain will give more definite information
regarding the substrate specificity of Cir. The determination
of this amino acid sequence will provide information necessary
for the design of a highly reactive specific peptide substrate
for Cir.
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135 Determination of the Carboxvl-Terminal Amino Acid

Seguence of Proteins

The various methods available for determining the
carboxyl-terminal amino acid sequence of proteins can be
conveniently grouped into either of two strategic approaches
(Reviewed by Needleman, 1975):

A, Direct amino acid seqguencing from the C-terminus

of the polypeptide chain.

B. Isolation of the C-terminal peptide which is then

sequenced in the usual manner from the N-terminus.

Direct sequencing from the C-terminus of a polypeptide
obviates the need for further complex manipulation of the
'protein once it has been purified to homogeneity. The
purified polypeptide chain then directly becomes the substrate
for a repetitive amino acid sequencing method or for enzymatic
digestion. This procedure is in contrast to C-terminzal
peptide isolation requiring many steps to cleave the poly-
peptide chain to give a labelled C-terminal peptide which
must then be chroematographically separated from the bulk
peptides. Once the single C-terminal peptide of suitable
size has been isolated the much superior N-terminal amino
acid sequencing methods can be employed to give the
complete amino acid sequence of the peptide.

A Direct Carboxyl Terminzl Amino Acid Seguencing Methods

1. Carboxyl Reduction

Limited information can be obtained by carboxyl
reduction end group determination which involves reduction
of the polypeptide's C-terminal carboxyl group by lithium
borohydride. The acid hydrolysate of the modified polypeptide
will contain one Kk -amino primary alcohol corresponding to the
C-terminal amino acid residue which can be separated from the
remaining free amino acids and identified chromatographically.
Figure 7a. Bailey (1955) proposed a procedure for the
sequential removal of C-terminal amino acid residues as
amino alcohols based on the carboxyl reduction reaction



LiBH,
PROTEIN-CO-NH -CH-COOH em——3 PROTEIN-CO-NH-CH -CH,0H
I |

R1 R,
Acid
Hydrolysis
‘NHZ'-L;IH -CO0H ) N NHZ_C,H - CHZOH
R n R

1

FIGURE 7a Carboxyl Reduction End Group Determination

HA40
PROTEIN-CO-NH-CH-CONH EH—)PHOTEIN—C:’)—NH-SH—CGC)CH

I i+
R R,
(i) (ii)

3

Protein ester

. . L|BHL
(ii) —— PROTEIN-CO-NH-CH - CH,0H
R
(iii) 1
B -0H Amide
POCl,
(iii) ) PROTEIN-CO=0CH,= CH =NH.,
|
R
1
W e st
LiBH, 2ol
PROTEIN-CH,OH s

B-OH+ Amide
HOC H2—CH R1-NH2

C —terminal Amino Alcohol

FIGURE 7b The Sequential Carboxyl Reduction Method of Bailey
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coupled with an N,0-acyl shift. Fizure 7b. The peptide
(i) is first converted to an ester (ii) which is split
reductively with lithium borohydride before inducing an
N0 acyl shift using phosphorous oxychloride to give the
B zmino ester (iv). The £ amino ester is then
reductively cleaved to produce a new ;? hydroxy amide
(iii) on which the dezradation cycle is repeated. The
free amino alcohol is identified chromatographically.

The z2pplication of this method on proteins or otherthan
model peptides has proven unsatisfactory due to the
undesirable side reactions of reductive cleavage of peptide
bonds (at threonine and serine especially) and also

reduction of peptide carbonyl groupns to methylene grouns.

2. Hydrazinolysis

Hydrazinolysis has found wide apvlication solely as
a C-terminal end group determination method and so oifers
only limited information on amino acid sequences. Treat-
ment of a protein with anhydrous hydrazine at 100°%¢
liberates amino acid hydraziies derived from amino acid
residues which possessed carboxyl groups formerly involved
in peptide bond formation (Akabori et al, 1952). Thus
only the C-terminal amino acid residue is released as the
free amino acid. Figure 8. Separation of the free C-
terminal derived amino acid from the bulk amino acid
hydrazides can be achieved by ion exchange column
chromatography or alternatively by dinitropvhenylation
or treatment with benzaldehyde to leave only the free
amino acid in the agueous phase.

Noncarboxyl-terminal arginine and cysteine are both
decomposed to degradative products while asparagine and
glutamine are able to form the gorrespondingﬂ and J’ hydrazides
even if C-terminal as well as dihydrazides if non C-terminal.
Other side reactions are caused by the instability of amino
acid hydrazides, especially labile glycine, serine and
alanine hydrazides and the dihydrazides of the acidic amino
acids which undergo decomposition to the free amino acid.

Free amino acids with small sidechain groups are also able
to undergo partial conversion to their corresponding



NH2NH2
PROTEIN-NH-CH-CO-NH-CH-COCOH 5 }NHz—‘CH—CO—NHNH?
I | |

100°C
R Ry R,

NHy—CH-COOH
|
K

FIGURE 8 Hydrazinolysis
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hydrazides. The acidic monohydrazides have also been
postulated to convert to their corresponding dihydrazides.
Thus conditions must be optimized to minimize conversion
of C-terminal amino acids to their hydrazides and the
reverse regeneration of the free amino acids as well as
maximize hydrazinolytic cleavage of the C-terminal
residue.

3« Tritium Labelling

Tritium labelling is a further end groun determination
method having little scope for development into a
repetitive sequence determination method. It is however
very useful as a method for spvecifically radioactively-
labelling the C-terminal smino acid or C-terminal peptide
of a protein (Matsuo et al, 1966). Selective tritiation
is brought about through racemization via the oxazolone
intermediate by the action of acetic anhydride in a
medium containing 3Ho0 and pyridine. The tritium-
labelled C~-terminal amino acid can be identified
chromatographically after acid hydrolysis of the tritiated
protein. Alternatively carboxypeptidases have been used
to enzymically cleave the C-terminal tritiated amino acid
from the protein.

The tritium-labelling reaction mechanism is represented
by three different reactions which take place in one stepe.
See Figure 9. The overall rate of racemization and thus
tritium incorporation is controlled by the substituents R4
and to some extent Ro. (See Figure 9). Carboxyl terminal
serine and threonine incorvporate radioactivity poorly,
possibly due to unfavourable sidechain dehydration catalysed
by acetic anhydride while C-terminal proline, which cannot
form the corresponding oxazolone intermediate, does not
incorporate tritium at all. Carboxyl terminal penultimate
glycine (R2 in Figure 9) has the effect of decreasing
tritium incorporation into the C-terminal residue. A
further problem of tritium incorporation is that of
"interior labelling" of noncarboxyl terminal aspartic and
glutamic acids. Such levels of incorporation vary from



PEPTIDE-CO-NH-CH—CO—NH-%H—COOH
|

R2 R,
C0J),0
Ak t REACTION 1
N - CH-Ry
Il |
PEPTIDE-CO-NH-CH-C C.z~0_
é Yg" Oxazolone
2 Intermediate
Pyridine REACTION 2
N-C- R, N - C-Ry
nol T nool
PEPTIDE-CO-NH-CH-C C_  —  -C G
! VA R0 ‘0" (o)
2
3,0
REACTION 3

PEPTIDE'CO'M-I-ClH -CO"NH-Ci—f"C OO0OH

Ry Ry

FIGURE 9 Tritium Lobelling Method of Motsuo

The tritium-labelling reaction mechanism is represented by three
different reactions which take place in one step,

Reaction 1, C - terminal oxazolone formation by the action of acetic
anhydride,

Reaction 2, Base - catalysed racemization at the C4 position of the
oxazolone in the presence of pyridine.

Reaction 3, Ring opening of oxazolone to regenerate the C - terminal
amino acid which incorporates tritium at its «C atom., Acid hydrolysis

of the protein gives the tritiated C - terminal amino acid residue.
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less than 1% to more than 2% of C-terminal amino acid
labelling levels. Caution must therefore be exercised
when aspartic acid or glutamic acid is radioactively
labelled.

L. Thiohydantoin C=arboxyl Terminal Secquencing

Peptides substituted at the terminal amino group are
converted to a peptidyl thiohydantoin derivative by heating
with ammonium thiocyanate in acetic anhydride. (Schluck
and Kumpf, 1926). Figure 10. The thiohydantoin derivative
corresponding to the C-terminal residue is released by mild
alkali treatment to hydrolyse the peptide acyl group XCO,
on which the procedure is repeated. The released
thiohydantoin is extracted with organic solvents and the
parent amino acid is regenerated with HBr or alternatively
the thiohydantoin derivative of the amino acid can be
characterized directly by paper chromatography.

As proline is unable to form a 1—acyl;2—thiohydantoin
derivative C-terminal proline cannot be determined.
Arginine, aspartic acid, glutamic acid, serine and
threonine are also unable to be determined. Success
with this method has been achieved with model oligopeptides
only. A notable extension by Stark (1968) used milder
conditions to form the acyl isothiocyanate derivative and
for the deacylation sten to sequence all except aspartic
acid and proline. Attempts to obtain improved yields
and ease of application by coupling the peptide through
its amino terminus to an insoluble glass bead support
have been made.

5« Carbodiimide-Catalysed Sequential Removal of

Carboxyl-Terminal Aming Acids

Khorana (1952) has suggested the use of carbodiimides
for the selective removal of C-terminal amino acid residues.
The acyl peptide is first reacted with di-(p-tolyl)-
carbodiimide to form the corresponding acyl peptidyl urea
(i). Figure 11. On treatment with dilute alkali in
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PEPTIDE~X-CO-NH-CH-COOH —=2—= = PEPTIDE~X-CO-NH-CH-CO-N=C=S
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1-acyl- 2- thiohydantoin derivative

FIGURE 10  Thiohydantoin Carboxyl terminal Sequencing Method
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PEPTIDE-X-CO- NH—CIH-C O0OH — PEPTIDE-X~—CO~NH-CH- R,
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FIGURE 11 Carbodiimide-catalysed Sequential Removal of C-terminal
Amino Acids
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agueous ethanol the C-terminal amino acid is split off

as an N-p-tolyl-~carbamyl toluide derivative (ii). The
product derived from the C-terminal residue can be
converted into the parent amino acid (iii) by acid or
alkali hydrolysis. Unfortunately the acyl urea

derivative (i ) is hydrolysed in a significantly guantita-
tive side reaction to reform the original peptide (iv).

As this will interfere with subseguent carbodiimide
coupling cycles this method has found little application
in the carboxyl terminal amino acid sequence determination
of proteins.

6. Curtius Rearrancsement

A sequential degradative procedure beginning at the
C-terminus of a polypeptide was proposed by Bergmann and
Zervas (1936) using the Curtius rearrangement. The
reactions involved were difficult to perform when applied
to proteins and occurred in only moderate yields. The
reactions were conversion of the benzoyl peptide ester
into the corresponding hydrazide, then into the peptide
amide using nitrous acid, then into the benzoyl urethane
derivative using benzoyl alcohol. Catalytic reduction
yields the benzoyl peptide amide with one residue less
than the parent peptide plus an aldehyde derivative of
the C-terminal residue.

An extension of this method has been developed by
Parham and Lotudon (1978) for residue-by-residue
sequential degradation from the C-terminus of peptide
amides using solid supports and new reagents to produce
the azide derivative in high yields. Figure 12. The
peptide was coupled to glass beads through their amino
terminus (i) and the carboxyl groups of the coupled
peptide were converted to the acyl azide derivatives
(ii) in a one step reaction using di-p-nitroohenyl
phosphoryl azide. Figure 12. I, I-bis (trifluoroacetoxy)
iodobenzene brings about the conversion of the peptide
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FIGURE 12 The Sequential Method of Parham and Loudon
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amide (iv) to the isocyanate derivative (iii), the
hydrolysis of which occurs under acidic conditions. The
main problem with this method is that no satisfactory
means of identification of the aldehyde derivative (v)

is available therefore subtractive amino acid analysis

of the peptide was performed by Parham and Loudon (1978).
Taking suitable precautions for the more labile and
reactive sidechain amino acids greater than 80% yield
was achieved at each cycle in the seguencing of model
peptides.

7. Carboxypeptidase Digestion

It is apparent from methods 1 to 6 that no satisfactory
chemical amino acid sequencing method from the carboxyl
terminus of polypeptides is available which is free from
undesirable side-reactions and gives an easily identifiable
end product in sufficient yields. It is therefore
currently preferable to use enzynatic methods to
sequentially cleave amino acids from the C-terminus of
polypevtides. Although attractive because of technical
simplicity compared to chemical methods the scope of this
approach is limited. In chemical methods all peptide
molecules should ideally undergo each degradation cycle
before a new cycle is started. This is not the case for
enzymatic degradation where each peptide or protein
molecule, whether minus one or more C-terminal residues,
has an equal opportunity to become a carboxypevtidase
substrate. Thus the sequence of amino acid residues
is not determined in a stepwise manner but instead from
the rate of release of amino acids from the polypeptide.
The C-terminal residue will be released at the highest
rate with the C-terminal penultimate residue next and so
on. Unfortunately the difference in rates of release of
amino acid residues becomes smaller as degradation
proceeds beyond a few residues thus making the results
ambiguous.

The specificity of the exopeptidase can be a further
limitation of enzymatic degradation of proteins.
Different C-terminal amino acids have varying susceptibilities
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to release by a particular carboxyveptidase. Thus while
some C-terminal amino acids are removed rapidly others
are not removed at all therefore constituting a blockage.
If a slowly-released amino acid precedes a rapidly-
released amino acid in the seguence from the C-terminus
then the two residues will appear in the digest at
similar rates. Bovine pancreatic carboxypeptidase A
rapidly removes C-terminal aromatic and aliphatiec amino
acids having long sidechains while glycine and acidic
residues are removed only slowly and lysine, arginine,
proline and histidine block carboxypeptidase A action
completely (Ambler, 1972). Porcine pancreatic carboxy-
peptidase B has a restricted specificity and rapidly
releases only lysine and arginine. Carboxypeptidase C
from citrus fruit removes all C-terminal amino acids
including basic and acidic residues 2nd proline.
Carboxypzsptidase Y from yeast also possesses a broad
specificity including proline release (Potts, 1967)
(Ambler, 1972) (Folk, 1970).

A serious practical difTiculty is contamination of
the enzyme preparation with othzr vroteases, esvecially
endopeptidases which produce new carboxyl terminals for
the carboxypeptidase. Using suitable inhibitors this
contaminant oroteolytic activity can be removed. Short
peptide substrates are less likely to be affected by
endopeptidase contamination compared to larger proteins as
there is less likelihood of their containing a susceptible
peptide bond. This probability increases greatly with
increasing substrate size.

B. Methods of Carboxyl-Terminal Pentide Isolation

1« Comnlete Amino Acid Seguence Determination of the

Protein and Alignment of Feptides

Vhen a protein is being fully sequenced the complex
mixtures of peptides obtained by various proteolytic
digestions are repeatedly chromatographed until each
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peptide 1is obtained in a homogeneous state. Once the

amino acid sequence of these peptides is determined they
can be aligned in order using overlspping amino aecid
sequences from different proteolytic digestions or

chemical cleavages to give the complete protein amino

acid sequence. A carboxypeptidase digestion or end group
determination method on the entire protein will indicate
which peptide is derived from the carboxyl terminal end

-of the protein. Remembering the specificity of proteases
used to cleave the intact vrotein into manageable peptides,
the carboxyl terminal peptide can be deduced from the
nature of the C-terminal amino acid of each peptide. If
the protein is cleaved by chymotrypsin all except the
C-terminal peptide will have tyrosine, phenylalanine and
isoleucine as the predominant C-terminal residue of each
peptide (unless the C-terminal peptide also terminates in
one of these residues). If the protein should have an
arginine or lysine C-terminal residue; as human C1s a chain
probably does, then a chymotryptic digestion will produce
only one arginine - or lysine - ending peptide, this

having been derived from the C-terminus of the polypeptide.
Treatment of a protein with cyanogen bromide will
specifically fragment the protein on the carboxyl side

of methionine residues. Therefore only the C-terminal
preptide will not have the cyanogen bromide-derived
homoserine lactone as its C-terminal residue (unless the
protein contains methionine as its C-terminal residue).

These methods are obviously not applicable in situations
where only limited information is known about the protein or
where the protein cannot be completely sequenced. In these
situvations the carboxyl terminal residue of the vrotein must
be chemically altered or labelled in some way to allow
differentiation and hence separation from the remaining
bulk peptides derived from an enzymatic or chemical cleavage
of the protein. This means that only the C-terminal derived
peptide needs to be purified for sequence determination.

2. Tritium Labelling

A suitable method for general application to C-terminal
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peptide labelling is tritium incorporation into the C-
termiral residue of the protein. (See Section 1.3, Part A,
Number 3). Subsequent enzymatic cleavage of the protein
will give one radioactive veptide which can be

conveniently followed as it is separated from the bulk
peptides. Once obtained in a homogeneous form the amino
acid sequence can be determined by well-established
N-terminal seguencing methods. The radioactive C=terminal
anino acid residue can also be determined with certainty
upon acid hydrolysis of the peptide.

3« Chemicsl Modification of Protein Carboxyl Sroups

A varistion of such radioactive labelling methods was
used by Carraway and Koshland (1972) (Carraway et al, 1969)
who followed the proteolytic activation of chymotryosinogen
by firstly chemically blocking all sidechain and C-terminal
carboxyl groups before activating the zymogen to generate
a new carboxyl group at the peptide bond cleavage site.
The casrboxyl group of the newly-found polypeptide chain is
radioactively labelled to vermit identification and hence
easier isolation of the C-terminal-derived peptide. This
method is of course only applicable to situations where
a new volypeptide chain is generated as a result of zymogen
activation by limited proteolysis as in C1s activation.

L. Peptide Maoping

Two dimensional veptide mavping has been employed to
isolate the C-terminal veptide of proteins. (Canfield, 1963)
(Carlton and Yanofsky, 1963). One-half of the protein is
subjected to a short carcvoxypeptidase digestion while the
remaining half is left undigested. After removal of free
amino acids both protein samples are proteolytically
digested in parallel and subjected to a two-dimensional
combination of electrovhoresis and paper chromatography.

The peptide maps of the sample not previously digested with

carboxypeptidase will contain all the peptides constituting

the oprotein. The maps of carboxypeptidase-dizested protein
will contain the same peptides inbthe same positions except

for one peptide, which due to removal of some C-terminal
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amino acid residues will be missing completely or have
different electrophoretic and chromatographic mobilities.,

This method is only spplicable to smaller molecular
weight proteins so that after proteolytic digestion a
reasonable number of peptides can be identified otherwvise
the péptide maps or 'fingerovrints' tend to be extremely
difficult to interpret with any confidence. Very specific
proteolysis is recguired to reduce the number of partial or
nonspecific cleavage peptides. Svpecific cleavage is aided
if the protein contains a carboxyl terminal arginine or
lysine residue thus permitting the use of carboxypeptidase
B to remove only the C-terminal residue. Such 2 removal
of one positively-charged residue would be exvected to
greatly alter the mobility of this veptide. Once the
corresponding peptides having different mobilities have
been identified the intact C-terminal derived peptide can
be eluted from the noncarboxypeptidase treated map and
subjected to amino acid analysis and seqguence determination.

5. Affinitwv Chromatocravhic Isolation of Arginine-

ending Pevtides

An interesting application of affinity chromatogranhy
has been used by Yokosawa and Ishii (1976, 1979) to
purify biologically-active peptides. These workers used
anhydrotrypsin, an enzymically inert derivative of tryosin,
which is still able to stoichiometrically bind trypsin
inhibitors. Anhydrotrypsin is prepared by base elimination
of PMS from PMSF-treated trypsin and results in the
dehydration of the active site serine-185 residue to
dehydroalanine. It exhibits a much higher affinity for the
product-type ligand containing an L-arginine residue having
a free carboxyl group than for substrate-type ligands
containing a substituted carboxyl groupe.

Immobilization of anhydrotrypsin on agarose gels provides
a means of specifically binding and isolating derivatives of
L-arginine whose carboxyl zroup is free. As many biologically-
active arginine-ending peptides such as bradykinin, Kallidin,
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tuftsin and fibrinopeptide are products of trypsin-like
enzymes, chromatogranhy on anhydrotrynsin-Sepharose resulted
in retension of these peptides. Carboxypeptidase B
treatment of these peptides sbolished this binding ability
indiceting that the C-terminal arginine residue is essential
for anhydrotrypsin binding. (Yokosawa and Ishii, 1976).
Similarly benzoyl phenylalanine, benzoyl L-arginine-amide,
bernzoyl D-arginine and free L-arginine are not bound by
anhydrotrypsin-Sepharose while benzoylglycyl lysine was
slightly bound and benzoyl L-arginine was bound still more.
Only benzoylglycyl arginine was bound sufficiently strongly
to the column to reguire elution with 5 mM HC1.
Benzoylglycyl arginine could be separated from a 410-fold
excess of benzyloxycarbonyl L-phenylalanine by application
" to anhydrotrypsin-Sepharose and elution with 5 mM HCl.
(Yokosawa and Ishii, 1976). This approach to the isolation
of arginine-ending peptides has been applied to the
fractionation of peptides from a tryptic digestion of
erabutoxin (Yokosawa and Ishii, 1979). As was the case
using small model substrates, it was found that arginine-
ending peptides exhibited stronger affinity for anhydro?
trypsin than lysine-ending peptides.

A chymotryptic digestion of a protein possessing a
carboxyl terminal arginine residue would yield a single
arginine-ending veptide; this being the carboxyl terminal-
derived peptide. Anhydrotrypsin affinity chromatography
would provide a convenient means for the isolation of such
a peptide. This rationale was applied to C1s in an attempt
to isolate a peptide derived from the czrboxyl terminus of
the C1s a chain which is thought to terminate in an arginine
or lysine residue. Other methods which were also applied
to C1s a chain carboxyl terminal determination were the
carboxyl-modification method of Koshland (Number B3), the
peptide mapping vrocedure (Number BL) and carboxypeptidase
digestion (Number A7). |



CHAPTER 2

MATERTALS AYTD METHODS

MATERIALS

Sodium acetate, sodium bicarbonate, taurine, sodium
dodecyl sulphate, salmine, azarose, ammonia (Analar grade),
sodium barbitone, N,N'-methylenebisascrylamide (recrystallized
from acetone) and a2crylamide (recrystallized from chloroform)
were obtained from British Drug Houses Limited. Univar grade
trichloroacetic acid and socdivm hydroxide and Unilab grade
ethanolamine and ethylene diamine tetra-acetic acid-disodium
salt were obtained from Ajax Chemicsls Limited. Potassium
hydroxide, ammonium bicarbonate, cadmium acetate, sodium
chloride, disodium hydrogen phosphate and potassium
dihydrogen pvhosphate were obtained from May and Baker.

Tris (7-9 Buffer grade), glycine, dithiothreitol, cyanogen
bromide, 1-dimethylaminonaphthalene-5-sulphonyl chloride,
phenylmethanesulfonylfluoride, bovine serum albumin,
Coomassie Brillisnt Blue R and G250, glycine methyl ester,
L-Norleucine and 41-ethyl-3(3-dimethyl-amino-propyl)-
carbodiimide-HC1l (EDC-HC1) were purchased from Sigma Chemical
Company. Phosphorus pentoxide, trisodium phosphate and
calcium chloride were purchased from Riedel de HZen.
N,N,N',N'-tetramethyl ethylene diamine (TEMED) and
2-mercaptoethanol were supplied by Fluka. Ninhydrin was
supplied by Koch-Light Laboratories Limited.

Urea (Koch-Light Laboratories Limited) was dissolved
in water, as a 10 molar solutionland deionized before use
by passage through a column of Amberlite MB-3 resin.
Guanidine HC1 (Fisher Scientific Compsny) was further
purified as described by Nozaki (1972). Guanidine HC1l (250g)
was dissolved in 1 litre hot absolute ethanol, decolourized
with activated charcoal and filtered. To the hot ethanol
solution 500 ml benzene was slowly added and crystals which
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were formed on standing at MOC overnight were washed with
cold absolute ethanol-benzene mixture then with acetone
before dessicating. JIodoacetic acid, obtained from
Riedel de H%en, was recrystallized from cyclohexane.

Enzymes bovine vancreatic ribonuclease A (Type II-A),
bovine pancreatic trypsin (DPCC-treated Type XI for
proteolytic digestions; 2 x crystallized Type III for
anhydrotrypsin preparation), soybean trypsin inhibitor
(Type II-S), thermolysin (Type X) and amino acid substrates
® _N-Benzoyl-DL-Arginine #-nitroanilide HC1 (Baona),

N- A -cbz-L-Lysine p-nitrophenyl HC1 and hippuryl-L-arginine
were supplied by Sigma Chemical Company. Stanhylococcus
aureus V8 protease was purchased from Miles Laboratories
Limited, United Kingdom and ¢ -chymotrypsin from British

Druz Houses Limited. Anti-Cis was obtained from

Behringwerke AG, Vlest Germany. Carboxypeptidase Y was

kindly donated by C.H. Moore and carboxypeptidase B by

D.S. Colls.

Chromatograohy gels Sephacryl 8200, Sepharose 4B,
Sephadex G100-120, Sephadex G25, Sephadex G150-40, Sephadex
G200-120, Sephadex A-50-120 and Amberlite MB-3 were obtained
from Sigma Chemical Company. D%-52 and Whatman No.1
chromatography paper were obtained from "hatman. D7 viscose
was kindly donated by J. Ayers. Oxygen-free nitrogen was
supplied by Industrial Gases, New Zealand Limited. Trans-
fusion packs (200 ml) of human plasma containing anticoagulant
were kindly donated by the Immunohaematology Laboratory,
Palmerston North Hospital. Phenylisothiocyanate was obtained
from Koch-Light Laboratories Limited and was purified by
distillation at 55°C at 1 mm Hg pressure. Aliquots of
distilled phenylisothiocyanate were sealed in vials and
stored at -18°C.

Trifluoroacetic acid was purified by refluxing over
chromium oxide for three hours and then distilling. The
fraction boiling at ?2-?300 was collected, dried over
calcium sulohate and .then redistilled. Pyridine (Ajax
Chemicals Limited) was refluxed over sodium hydroxide (ig
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per 100 ml) for 2 hours and then distilled with the fraction
boiling at 115~117°C being collected. This fraction was
then refluxed over ninhydrin (0.5g per 100 ml) for 2 hours
and then redistilled as before. Hydrochloric acid was
suppnlied by British Drug Houses Limited and was purified in
an all-glass distillation apparatus by diluting concentrated
acid with an equal volume of water and collecting the
constant boiling fraction (110°C) by distillation. Acetic
acid (British Drug Houses Limited) was distilled and the
fraction boiling at 11900 was collected. This fraction was
then refluxed over potassium permanganate and redistilled

as before. TFormic acid, toluene, ethanol, acetone and
butanol were all drum grade and distilled before use.
Sulphuric acid was supplisd by Kempthorne-Prosser, New
Zealand and was distilled before use. British Drug Houses
Limited supplied methanol, p-ethyl acetate and n-butyl
acetate which were also distilled before use.
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METHODS

2.1 Protein Purification and Characterisation

(i) Component Cils Purification

Activated C1s was isolated from human plasma essentially
according to the method of Lepow et al (1963) as adapted by
Sim et 2l (1977). Human plasma (4 litres) was made 10 mlM
in calcium chloride and allowed to clot by standing at 3?00
for several hours. After centrifugation the serum was
dialysed =t MOC against two or three changes of 5 mM CaCl2
PH 7.4. The precipitate was then dissolved in approximately
400 ml of 0.5M NaCl containing 10 mM EDTA by stirring
continuously for at least two hours at u°c to both
soidbilize and dissociate C1 into its subcomponents.

Centrifugation at 9,000 rpm, 4° for 30 mins. yielded
an opalescent supernatant, which after filtration through
Mira cloth to remove lipid-like material, was used as the
starting material for subsequent column chromatography.

The filtrate was dialysed against 40 mM Phosphate starting
buffer, pH 7.4, containing 1 mM EDTA of ionic strength
I=0.1 (conductivity 2.6 mmho/cm). Following centrifugation
to remove any precipitate formed during dialysis the
resultant supernsatant was apvlied to a DEAE-viscose anion
exchange column (3.2cm x 25cm) previously equilibrated with
phosphate starting buffer. The column was washed with
starting buffer, I=0.1 until the absorbance at 280 nm of
the eluate was near zero. Stepwise elution was then
employed, first using starting buffer containing 0.1M

NaCl (I=0.2) to elute the Cir peak then starting buffer
containing 0.3M NaCl (I=0.4) to elute the CTE_peak.

DSAE viscose chromatography was performed at room
temperature to ensure full activation of Ci1s. The column
eluant flow rate was approximately 50 ml/hour, collecting
10 m1 fractions.

Active esterase fractions of the CTs peak were pooled,
dialysed against phosphate starting buffer at L°C and
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applied to a DE cellulose column (1.6cm x 15cm) previously
equilibrated with starting buffer. DE 52 column
chromatography was performed at hOC. After application

of dialysed C1s the column was washed firstly with a small
volume of starting buffer then extensively with phosphate
starting buffer containing 0.1M NaCl (I=0.2) until the
absorbance at 280 nm of the eluate was zero. Ci1s elution
was then performed with a linear salt gradient consisting
of LOO ml of I=0.2 buffer and LOO ml of I=0.L buffer.

The column elution flow rate was 30-L0 ml/hour, collécting
6-8 ml fractions.

(ii) Ci1s Assays

C1s esterase activity was measured by following the
rate of hydrolysis of N- & -cbz-L-Lysine p—nitroghenyl
ester. HC1l (cbz-Lys-ONp) at 3248 nm using a. dual beam
Perkin Elmer 124 svectronhotometer equipped with a pen
recorder. Assays were performed at room temperature
(19°C). The assay mixture consisted of 0.2 ml enzyme
solution, 0.1 ml cbz-Lys-ONp solution and 2.7 ml of 0.08M
phosphate buffer, pH 6.0 in a 3 ml quartz cuvette. The
cbz-Lys-ONp solution was freshly vrepared by dissolving
6bmg in 5.0 ml distilled water. The final substrate
concentration in the assay mixture was 0.09 mM. Auto-
hydrolysis of the substrate was determined using a
substrate blank containing 0.2 ml distilled water instead
of enzyme solution. An extinction coefficient for
p-nitrophenol of 54,00 £/mol/cm was used. (Boland and
Hardman, 1972.) One unit of enzyme activity (E.U.) is
defined as that amount of enzyme able to cause the
hydrolysis of 1 mmole substrate/min at 20°C.

(iii) Component C41s Purification

The procedure used was the same as that for Cis
purification excepnt that proteolytic activation of Cis \
was prevented by the addition of phenylmethanesulfonylflﬁo—
ride (PMSF) throughout the purification, which was rigidly

performed at 4°¢, Aopropriate volumes of a 1M PUSF stock
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solution in isoprovanol were added at each of the initial
stages of the C1s purification procedure to give a final

PMSF concentration of 5 mM,PlSF was added to serum before

and after dialysis against 5 mM C2Clo as well as the

CaClo wash step and the NaCl solubilization step. Although
PMSY was added for dialysis against starting buffer none

was included in column chromatozranhy buffers. All glassware
in contaet with PMSF was immersed in 1M NaOH solution to
ensure complete hydrolysis of PM5F.

(iv) Activation of C1s by Cir

C1s was assayed by incubatinz aopprooriate volumes of
the Cis fraction (0.5 ml) at 37°C for 30 mins with 0.050-
0.100 ml of partially purified Cir. Cir was obtained from
the I=0.2-eluted peak of the DEAE-viscose chromatogranhy
step of a previous C1s preparation. Resultant Cis activity
was then assayed as described in '"Methods" section 2.1 (ii).
Cir and Cis controls were performed.

(v) Protein Determination

Protein dsterminations were performed by the Coomassie
protein dye-binding method of Bradford (1976). The
absorbance of samples at 595 nm was determined using an
Hitachi 101 manual spectroohotometer. Bovine serum albumin
(E1§m= 6.68) (Tanford and Roberts, 1952) was used as a
protein standard. The concentration of purified C1s was

AR o L. (si t al )
Sem= Q.4 im §_1g s 1977 )

Tryosin concentrations were determined using E1cm= 15.4 at

280 nm (Yokosawa and Ishii, 1977) or by the Coomassie method
as above using trypsin as the standard protein.

sometimes determined using E

(vi) Polyacrylanide Gel Zlectronhoresis

Disc gel electroohoresis was performed using the 7.5%
polyacrylamide discontinuous gel system of Davis (196&) and
Ornstein (1964). The gel solution for 7.5% polyacrylamide
gels was prepared as required and consisted of: 7.5 ml of a
stock solution of 30% acrylamide and 0.17% N,N'-methylenebis-
acrylamide, 3 ml of 1M tris HC1l, pH 8.9 and distilled water
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to a total volume of 29.4 ml. After de-aerating for several
minutes 0.3 ml1 of 10% sodium dodecyl sulphate (SDS), 0.15 ml
of 10% (V/v) TEMED in ethanol and 0.15 ml 10% ammonium
persulphate was added in the order given. The gel solution
was poured into émm x 10cm glass tubes and distilled water
was layered carefully onto the gel surface. After 45 minutes
the tubes containing the solidified gel were placed in an
Ortec disc gel electronhoresis apparatus containing electrode
buffer of 0.1M tris glycine, pH 8.3 and 0.1% SDS. SDS-
polyacrylamide gels and electrode buffer contained 0.17 SDS
(Weber and Osborn, 1969). Native gels were prepared in the
same manner as for SDS-polyacrylamide gels except that SDS
was omitted from both the gel and electrode buffer.

The sample, 10-100 ug protein in aporoximately 20 ul
electrode buffer or distilled water was mixed with 10 ul
glycerol containing bromophenol blue dye marker and applied
to the gel. Reduction of protein samples (50 ml) was
carried out by incubation with 10 ul 2-mercaptoethanol and
20 ul SDS for two minutes at 10000. Tlectrophoresis was
performed at 1 mA/gel and increased to 5 mA/gel after the
sample had entered the gel. Electrophoretic meobilities
(Em's) of protein bands were measured relative to the
position of the bromophenol Hlue dye marker which was marked
before the commencement of gel staining. Staining and _
destaining of gels was performed as described by Weber and
Osborn (1969). Gels were stained for two hours in solution
of 4.25g Coomassie Brilliant Blue R250 dissolvad in 454 ml
50% ethanol and 46 ml glacial acetic acid. Native gels were
sometimes stained using the standard protein determination
stain. Gel destaining was accomplished by repeated changes
of a gel destain solution consisting of 75 ml acetic acid,
50 ml methanol and 875 ml distilled water.

(vii) Immunodiffusion

Immunodiffusion was performed essentially by the method
of Ouchterlony (1953). Clean microscope slides were coated
with 1 ml of hot 0.2% agarose in distilled water before
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allowing to dry and layering with 2.5 ml hot 1% agarose in
0.02M Na barbital-HC1l buffer, pH 8.2, ionic strength,
I=0.025. fter allowing the agarose gel to set the slides
were stored at MOC in a water saturated atmosphere for at
least four hours prior to well-punching. Immediately
before use the well-plugs were removed and the inner well
was filled with antibody to Cis while the outer wells were
filled with suitable aliguots (0.050 - 0.200 ml) of the
C1s solution. Diffusion was allowed to proceed for one
to three days at L°c. After precivitation lines had formed
the plates were washed overnight in phosphate buffered
saline (0.01M KHpPOy/NaOH, pH 7.4 containing 0.15! NaCl)
and stzined for 10 minutes with 0.125% Coomassie BB R250

v/v/v

in zcetic acid: methanol: water (1:9:10 ) before

destaining in 77 acetic acid.

(viii) Reduction and Carboxymnethylation of Cis

An appropriate volume of a 10 molar urea solution,
previously deionized by passage through an Amberlite MB-3
column, was added to a2 volume of 1M tris-HCl, pH 8.0 to
give a final buffer concentration of 0.1M tris-HCl, pH 8.0
containing 84 urea. Solid EDTA-disodium salt was added
to give a finasl concentration of 0.2%. Protein was
dissolved to 2 concentration of about 0.5% and the reaction
mixture was gassed with oxygen-free nitrogen for at least
15 minutes at room temperature, with constant stirring.
Reduction was initiated by the addition of solid DTT to
give a final concentration of 50 mM and reduction was
allowed to vroceed overnight at room temperature.
Carboxymethylation was performed by the addition of
iodoacetic acid, neutralized in a minimum volume of distilled
water, to give a final concentration of 110 mM or 2n
approximate two-fold molar excess over DIT. The reaction
was allowed to proceed at room. temperature and in the dark
for 4O minutes after which time the reaction was terminated
by quenching with a minimum ten-fold molar excess of 2-
mercaptoethanol over iodoacetic acid added. The reaction
mixture was then either desalted by extensive dialysis or
gel filtration using Sephadex G25 and freeze dried or
alternatively dialysed directly against urea-containing
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2.2 Chain Senaration

Column chromatograrzhy in the presence of denaturant
was performed at room temperature while in the ahsence of
denaturant uoc was used. Eluate fractions were collected
from the columns using an LEB 7000 Ultrorac fraction
collector and were monitored for UV absorbance using an
LKB 8300I1 Uvicord monitor.

(i) Gel Filtration Technigues

Pharmacia Jjacketed precision bore chromatogravhic tubes
(1.6 ecm x 70 em or 2.5 cm x 100 cm) were used for gel
filtration chromatogravhy. Various gel filtration media
was used as described by Hirs (1977) for "Chain Sepsration"
by gel filtration. Sephadex G100, G150, and G200 were
used with and without denaturants present. Sevhacryl S200
was used in the absence of denaturant. Downward elution
by gravity flow was carried out at a maximum flow rate of
2 ml/hr/cm?.

(ii) Ion Exchanse Chromatogravhy

Ion exchange chromatosravhy was performed in a glass
column (1.5 em x 10 cm) at a maximum flow rate of 20 ml/hr.
The procedure employed was that of Campbell et al (1979)
for the separation of bovine reduced and carboxymethylated
Cis a and b chains except that DEAT Sephadex A-50 was the
ion exchange resin used. The RCM~CTE'sample was dialysed
(with changes) against 4LO mM tvhosvhate starting buffer,
pH 7.4 containing 5 mM NaCl and 8M urea and then applied
to the DEAE Sephadex A-50 column previously eguilibrated
in the same buffer. The column was then washed with a
minimum of two column voclumes of phosphate starting buffer
before chromatographic development of thé column was
commenced with a linear NaCl gradient consisting of 100 ml
of phosphate starting buffer and 100 ml of phosphate
starting buffer containing 0.5M NaCl.
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2.3 Enzyme Tigestions

The protein substrate was dissolved in a suitable buffer
at a concentration of 0.5% and digested at 37°C using an
enzyme to substrate ratio of 1% (“/w), unless otherwise
stated.

(i) Exopevntidase Digestions (Ambler, 1972)

Carboxypeptidase Y was stored as an ammonium sulphate
suspension at MOC and before use 0.1 ml of this susvension
was diluted with 0.1 ml of 0.01Y phosphate buffer, pH 7.0
and dialysed for 2 hours at 1% against 0.01M phosphate
_ buffer, pH 7.0. Carboxypeptidase Y digestions were
performed in 0.1M pyridine acetate, pH 5.5. Frozen carboxy-
peptidase B was thawed and added directly to the digest
buffer of 50 mM N-ethyl morpholine, pH 8.0 at an enzyme to
substrate ratio of 1:60 (¥/w). Protein substrate and
L-Norleucine internal standard were both dissolved in such
a volume of digest buffer that a 0.2 ml aliquot contained
50 nmoles of each. The 0.2 ml aliguot withdrawn at each
sampling time was added directly to 1 ml of 15% TCA and
centrifuged. The supernatant was removed and extracted
three times with diethyl ether and the remaining agueous
phase vas freeze dried over phosphorus pentoxide and sodium
hydroxide pellets in oreparation for subsequent amino acid
analysis. The yields of free amino acids obtained were
corrected using the yield of L-Norleucine internal standard
to give 100% recovery. Parallel enzyme blanks and protein
substrate blanks containing the same amount of carboxypeptidase
and protein substrate present in the digest sample were also
performed.

A carboxypeptidase digestion for peptide mapping
consisted of a single time digestion (4 hours) in the
appropriate buffer and the digestion was halted by the
addition of 15% TCA as for time course experiments. After
centrifugation the supernatant was extracted with diethyl

ether and the agueous phase was freeze dried over phosphorus
pentoxide and sodium hydroxide pellets for subsequent amino
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acid analysis. The precipitate containing undigested
protein substrate was resuspended in 3M urea and dialysed
overnizht ag=inst O.1M NaCl then exhaustively against
distilled water before freeze drying over phosphorus
pentoxide in preparation for further digestion by an
endopeptidase. An enzyme blank and protein substrate
blank were also subjected to the above same procedure.

(ii) =ndovepntidase Digestions

Digestions using DPCC-treated trypsin and o« -chymotrypsin
were performed in 0.1 Ammonium bicarbonate, pH 8.0 at 37°C
with an enzyme to subsirate ratio of 17 ("/w) for 16 hours.
Soybean trypsin inhibitor was added to chymotryptic digestions
(on a 1:1 molar basis with chymotrypsin) to inhibit any
contaminant trypsin activity present. S. V8 protease
digestions were performed in 50 mM Ammonium bicarbonate, ‘
pH 7.8 using an enzyme to substrate ratio of 2% (w W)
Digestions were halted by placing in a boiling water bath ‘
for 10 minutes and then freeze drying. Digestions of |
peptide substrates were performed in 1% Ammonium bicarbonate,
pH 8.0 for 15 hours at 3?00 using an enzyme to substrate
ratio of 2.57%7 ("/w) for thermolysin and trypsin and 30% (¥/w)
for S. V8 protease.
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2.4 Peptide Mnnning

(i) High Voltace Psper Rlectronhoresis
(Shotton and Hartley, 1973)

High voltage paper electrophoresis was performed using
a tank electrophoresis apparatus with a coolant. Zlectro-
phoresis was carried out at pH 2.1 or pH 6.5. The pH 2.1
buffer consisting of formic acid/glacial acetic acid/
distilled water (1:4:45 V/V/V) was used for separating
peptides which were basic or acidic at pH 6.5 while the
pH 6.5 buffer of pyridine/glacial acetic acid/distilled
water (25:1:225 v/v/v) was used for separating peptides
which were basic or acidic at pH 6.5. The electronherograms
were subjected to 50 volts per cm of VWhatman No.1 chromato-
graphy paver (4bem x 57cm) for 4O minutes. To aid the

5 mM marker

-

comparison and identification of peptides two
amino acid solutions in 10% isopropanol were used.

R marker: Tyr, Phe, Met, Leu, Val, Arg, Lys

T marker: Asp, Glu, Thr, Ser, Ile, Ala, His, Gly
DNS-Arg and DNS-CH were used as fluorescent markers for
electrophoresis and chromatograohy. For elegtrophoresis
at pH 6.5 mobilities of veptides were measured relative to
aspartic acid and at oH 2.1 and BAYW chromatography relative
to DNS-Arg. Guide strips were cut from electrovherograms
for staining to locate the positions of peptides where
further purification of peptides by electrovhoresis was
required.

(ii) ©Paper Chromatocravhy

Descending chromatography on sheets of ‘Whatman No. 1
chromatogranhy paper was carried out using a solvent system
of butanol/glacial scetic acid/distilled water (h:1:5 Y/ /V),
The upper phase was used as solvent. (Katz et al, 1959).
Chromatography papers were equilibrated overnight with the
lower aqueous phase.
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(1ii) Peptide Staining on Paper

After checking for fluorescence under a UV light the
electropherograms and two dimensional peptide maps were
stained with the ninkydrin-cadmium acetate rezsgent consisting
of 3 parts of solution A (15g cadmium acetate in 300 ml
glacial acetic acid and 600 ml distilled water) and 17 parts
of solution B (1% ninhydrin in acetone) and then air dried
at room temperature. The papers were stored in a
chromatography tank containing a small vessel of concentrated
sulvhuric acid to produce an ammonia-free =ztmosphere to

reduce background colour development.

(iv) Peptide R®lution from Paver

Following electrophoresis or chromatogravhy the peptides
located by either using the stained guide strips or by
direct ninhydrin staining were eluted from the paper with
0.02M ammonia. Peptides to be subjected to acid hydrolysis
for subsequent amino acid analysis were eluted using 6M
HCl. Paper strips containing peptides to be eluted were
supported vertically between glass slides in a perspex
peptide elution apparatus. The peptides were eluted in a
descending direction into acid-washed glass test tubes
(6ecm x 1 em) and 2 ml of eluate was collected. A blank
consisting of a similar vortion of the same chromatography
paper which contained the peptide was eluted with 6M HC1
when amino acid analysis of the eluted peptide was to be
performed.

(v) Amino Acid Analysis

Determination of the amino acid composition of veptide
and protein samvles was carried out by firstly lyophilizing
the sample in thick walled acid washed pyrex test tubes
(10mm x 75mm) followed by addition of 0.2 ml of 6M HC1
(containing 0.47 (V/v) phenol for protein hydrolysis). The
tubes were sealed under vacuum (0.5 mm Hg) and hydrolysed
at 110°C overnight then freeze dried over sodium hydroxide
pellets and applied to a Beckman 4120C amino acid analyser.
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(vi) Peptide Maoping

A one-half aliquot of the protein substrate was
subjected to a carboxypeptidase digestion while the
undigested half was used as a substrate control. (See
"Methods", 2.3 (i).) The trichloroacetic acid-precipitated
protein of each sample was then resuspended and exhaustively
dialysed before being digested by an endopeptidase. (See
"Methods", 2.3 (i) and (ii).) The lyophilized enzyme digests
were then dissolved in 1% ammonium bicarbonate and applied to
Whatman No.1 paper and subjected to pH 6.5 electrophoresis.
The neutral band of the electropherogram of each digest
sample was cut out and sewn onto a second sheet of Whatman
No.1 paper and rerun at pH 2.1. The acidic and basic peptides
of the pH 6.5 electropherogram and the neutral peptides rerun
at pH 2.1 were cut out and each was sewn onto a second sheet |
of Whatman No.1 paper for BAWV chromatozraphy in the second |
dimension. The pH 2.1 and pH 6.5 elesctrophoresis and RBAV
chromatography of the endopeptidase digests of carboxypeptidase
and noncarboxypeptidase-treated protein substrates were each
performed at the same time to minimize differences in peoptide
mobility due to different experimental conditions.
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2.5 Chemical Modification

(i) Protein Carboxyl-blocking

Chemical modification was performed as described by
Carraway and Koshland (1972). Protein (10 mg/ml) plus
glycine methyl ester or taurine (41.0M) were dissolved in
distilled water at pH 2 to 3. The pH was adjusted to pH L.75
prior to the reaction, which is initiated by adding solid
EDC-HC1lto a concentration of 0.1M . Identical gquantitiss
of EDC-HC1l were added after 1 and 2 hours. After 3 hours
at room temperature the reaction is guenched by the
addition of excess 1.0M acetate (pH 4.75) and the pH is
lowered to pH 3.0. Excess reagents were removed by
exhaustive dialysis at MOC. An appropriate amount of the
modified and unmodified protein was then freeze-dried and
subjected to 61 HC1l hydrolysis for subsequent amino acid
analysis. A comparison of the amino acid compositions gave
a measure of the sxtent of carboxyl-modification.
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2.6 Affinity Chromatogranhic Isolation of a Carboxyl Terminal

Pepntide

Anhydrotrypsin was prepared according to the method of
Yokosawa and Ishii (1977) and purified by affinity chromato-
graphy using ST-Gepharose 4B before being immobilized on
Sepharose L4B.

(i) Preparation of ST-Sepharose 4B

A tryptic digest of salmine (protamine sulphate) was
coupled to Sepharose 4B, previously activated with cyanogen
bromide, essentially according to the method of Yokosawa et
al (1976). Salmine (5g) was digested overnight with 20 mg
bovine trypsin (DPCC-treated) in 150 ml of 0.1M phosphate
buffer, pH 8.0. The digestion was halted by plaecing in
a boiling water bath. Following centrifugation to remove
insoluble material the resulting supernatant was freeze
dried and coupled directly to cyanogen bromide-activated
Sepharose 4B. One hundred millilitres settled volume of
previously washed Sepharose 4B was suspended in 200 ml
distilled water and activated in a fumehood with 24g CHBr
at pH 11, 10°c for 8 minutes. The pH of the activation
mixture was maintained at pH 11 by the addition of 5M NaCH.
The activated gel was ranidly washed in an icecold sintered
glass funnel with cold distilled water before being added
to the freeze dried tryptic digest of salmine which was
dissolved in 150 ml of 0.5M sodium bicartonate, pH 9.0.
Coupling was carried out at hOC for 18 hours by slow end-to-
end rotation of the coupling vessel.

The coupled Sevharose gel was then extensively washed
with distilled water, 10 mM HC1l, 0.5M sodium bicarbonate,
PH 9 and distilled water before treatment with 150 ml of
2M ethanolamine, pH 9.0 (adjusted with HC1l) for 18 hours at
hOC to block remaining activated groups on the agarose.
The gel was then thoroughly washed with distilled water,
0.5M NaCl, 10 mM HC1l, O0.5M sodium bicarbonate buffer, pH 9.0,
10 mM HC1l and distilled water followed by a final washing
with 0.05M sodium acetate buffer, pH 5.0 containing 0.02M
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CaClpo. The ST-Sepharose gel was then packed into a glass
column (2 em x 30 cm) and after further equilibration with
the sodium acetate buffer was used to purify anhydrotrypsin.

The amount of immobilized ligand was determined by the
method of Kasai and Ishii (41975). A known settled volume
of ST-Sepharose was washed with distilled water, solutions
of increasing acetone content and finally acetone then
freeze dried. The dried gel was subjected to acid hydrolysis
and subseguent amino acid analysis. (See "Methods", Section

2.4 (v).)

(ii) Preparation and Purification of Anhydrotrypsin

Anhydrotrypsin was prevared by alkaline treatment of PMS-
trypsin by the method of Ako et al (1972) as adapted by Yokosawsa
and Ishii (1977) and was purified by affinity chromatograchy
using ST-Sepharose (Yokosawa et al 1976). Bovine pancreatic
trypsin (500 mg) was treated with 200 mg PYSF (dissolved in
a minimum volume of isopropanol) in 190 ml of 0.4M tris-HC1
buffer, pH 7.0 containing 0.02l CaClo at 2500 for 30 minutes.
The pH was continually monitored and adjusted with alksli if
required. The reaction was halted by the addition of HC1
to give pH3. After centrifugation, the supernatant was
dialysed overnight against 1 mM HC1l at 1%.

The PMS-tryosin obtained was treated with 0.05M KOH (final
concentration) at 0°C for 10 minutes and the reaction was
stopped by lowering the pH to pH 5. The anhydrotrypsin
solution was made 0.05M in acetate, pH 5.0 and 0.02M in
CaClo by the addition of appropriate amounts of 1M sodium
acetate buffer and 0.2¥ CaClp. The solution was then applied
to the ST-Sepharose column (2 cm x 30 cm) equilibrated with
0.05M sodium acetate, pH 5.0 containing 0.02l CaCl2 and
affinity chromatogranhy was pverformed at hoc. After
thorough column washing with the above buffer bound
anhydrotrypsin was eluted with 5 mM HCl. The flow rate
employed was 4O ml/hour and 10 ml fractions were collected.



L3.

Trypsin and anhydrotrypsin were assayed using
A -N-Benzoyl arginine P—nitroanilide (Bopna) as substrate
according to the method of Erlanger et al (1961). The
assay mixture consisted of 1 ml of 4100 mg Bapna in 100 ml
distilled water, 1.8 ml of 0.1¥ tris-HCl, pH 8.0 and 0.2 ml
of trypsin solution. The absorbance at 405 nm was followed
for 5 minutes and activity was calculated from 1 E.U. being
equivalent to a change in absorbance at 405 nm of 3.32 for

a 3 ml assay mixture volume. (Erlanger et al, 1961).

(iii) Preparation of Anhvdrotryonsin-Senharose 43

Sepharose LB (25 ml settled volume) was washed thoroughly
with O.1il NaCl followed by distilled water before being .
suspended in 50 ml distilled water. Activation and coupling
was performed as described by Cuatrecasas and coworkers
(Psrikh et al 1974). All steps involving the use of CNBr
were conducted in a fumehood. The gel slurry was added to
an equal volume of 2M carbonate buffer and the gel slurry
was stirred with a msgnetic stirrer. A temperature of 5—1000
was maintained by the addition of ice and the activation
process was initiated by the dropwise addition of 5g Cli3r
dissolved in 2.5 ml acetonitrile. After 2 minutes the gel
was rapidly washed with 10-15 volumes of cold distilled
water using an ice-cold sintered glass funnel then rapidly
with cold coupling buffer, 0.5 sodium bicarbonate, pH 9.5.

The gel was filtered to a moist cake then suspended in
coupling buffer to give a total volume of twice the gel
settled volume. Solid anhydrotrypsin (120 mg) was added
and coupling was carried out by slow end-to-end rotation
of the reaction vessel for 24 hours at u°c. The gel was
then washed with cold distilled water and then treated with
100 m1 of 2M ethanolamine HCl, pH 9.5 and coupled as above
to mask any reactive groups remaining on the agarose gel.
The anhydrotrypsin-Sepharose 4B was washed with distilled
water followed by alternate washes with 0.1M sodium
bicarbondate, pH 9.5 and 10 mM HC1l, both containing O.5M
NaCl, then with distilled water and finally with 0.05M
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oyridine acetate, pH 5.0 containing 0.02M CaClp. The gel
was then packed into a column (0.8 cm x 20 cm) and further
equilibrated with the same pyridine acetate buffer resdy for
use.

(iv) Peptide Isolation by Affinity Chromatozranhy

Anhydrotrypsin-Sepharose affinity chromatogzravhy was
performed at uOC. The sanple was applied in a minimum volume
(01 = 0.5 ml) of 0.05! pyridine acetate, pH 5.0, containing
0.02M CsClp. The column was washed thoroughly with at least
1 litre of the above buffer before buffer replacement with
5 mM HC1 to elute column-bound material. Elution was carried
out at a flow rate of 5 ml/hour and 2 ml fractions wére
collected. The absorbance at 225 nm and 280 nm of each
fraction was determined using a Beckman Acta III double beam
spectronhotometer to locate those fractions containiﬁg
veptides. The fractions containing peptides bound to
anhydrotryosin-Sepharose were combined and freeze dried over
phosphorus pentoxide and sodium hydroxide pellets. After
dissolving the freeze drisd peptide in 200 ul distilled water
an aliquot (10 - 20 ml) was taken for N-terminal dansylation.
If N-terminal end group analysis showed the presence of a
single peotide only, the remaining material was used for
amino acid sequence determination or amino acid analysis.

(v) Dansyl-Rdman Procedure for Pentide Secuencing
(Hartley, 1970)

Edman Cycle Procedure for Peptide Sequencing.

The peptide sampls (100-200 nmol) was transferred to an
acid-washed screw-capped pyrex test tube (1 em x 4.5 em) and
dried down under vacuum ready for Edman degradation. Distilled
water (150 ml) and 150 ul of 5% ('/v) vhenylisothiocyanate
in pyridine were added and the tube was gassed with oxygen-
free nitrogen before being sealed. The tube was incubated
at 45°C for 90 minutes. The tube contents were then dried

over nhosphorus ventoxide and sodium hydroxide pellets under

high vacuum at 60°G for 20 minutes then at room temperature



L5.

for 10 minutes. Trifluoroacetic acid (250 ul) was added

and the tube was gassed with oxyzen-free nitrogen before

being sealed. The tube was incubated at ABOC for 30

minutes to clesave the N-terminal phenylthiocarbamyl amino

acid from the peptide. The TFA was removed under vacuum

over sodium hydroxide vellets. To remove byproducts the
material in the tube was suspvended in 0.2 = 0.5 ml distilled
water and extracted three times with 2 ml n-butyl acetate.

The top n-butyl acetate layer was discarded and the pe?tide

in the aqueous phase was dried down. The pevtide sample,

now one residue shorter, was dissolved in 100-150 ul distilled
water, from which a 10 - 15 nl sample was taken for N-terminal
analysis by dansylation. The remaining material was

subjected to another cycle of the EZdman degradation.

Dansyl Procedure for N-terminal Determination of Peptides
(Gray, 1972)

Five to ten nmol (10 mul) of peptide was dried down in a
5 mm x 30 mm glass tube and 10 ul of 0.2M sodium bicarbonate
and 10 ul 1-dimethylaminonaphthalene-5-sulphonyl chloride
(2.5 mg DN3C1/ml acetone) were added to give final concen-
trations of about 5 mM DiSCl, 1 mM peptide and 507 acetone
at about pH 9.8. The solution in the tube was mixed and
incubated for 30 minutes at h5°0. The reaction mixture was
evaporated and the peptide hydrolysed under vacuum in 6M HC1
for 16 hours at 110°C. The tube was onened and the contents
evaporated over sodium hydroxide pellets. The DVS-amino
acid was dissolved in 957 ethanol (15 ml) and equal amounts
were spotted on each side of a volyamide sheet (7.5 cm x 7.5 cm)
for two dimensional chromatography. One-half ul of a DNS-
amino acid marker solution (containing 0.1 mg/ml DVS-Gly,
DNS-Glu, DNS-Ile, DNS-Phe, DNS-Pro, DNS-Ser and DNS-Arg)
was applied to one side of the plate.

Chromatozraphy solvents:

Solvent 1. 1.5% (V/v) formic acid in distilled water

Solvent 2. Toluene/glacial acetic acid (9:1VA4)

Solvent 3. BEthyl acetate/methanol/glacial acetic
scid (20:1:1 V/V/V)

Solvent L. 1M ammonia/Ethanol (1:1 V/v)
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The plates were run in Solvent 1 in one dimension for 10
minutes, dried 15 minutes, then run in Solvent 2 in the
second dimension for 415 minutes, dried and examined under
366 nm wavelength UV light for the separation of DNS-Leu
and DNS-Ile. Solvent 3 was then run in the same dimension
as Solvent 2 for 10 minutes, dried and examined under UV
light for separation of DNS-Thr and DNS-Ser, DIIS-Glu and
DNS-Asp and DNS-ClMCys and DV3-CH. Solvent 4 was run in the
same dimension as Solvent 2 for 45 minutes to separate
DNS-His, € -DWS-Iys and DS-Arg. Prior to Solvent L
chromatography an E -DNS~Lys and DN3S-Arg marker was apvolied
‘next to the ssmple dansyl spot.
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CHAPTZR 3

EXPERIMENTAL RESTLTS AND DISCUSSION

3¢1 Protein FPurification and Characterisation

(i) Subcomponent Cis Purification

Historically the first method used to isolate human Cis
consisted of euglobulin precipitation followed by C1
solubilization and dissociation using 0.5M sodium chloride
and 1 mM EDTA. (Lepow et al, 1963). A single DE-cellulose
ion exchange chromatography steop usingphosthate buffer,

" pH 7.4 containing 1 mM EDTA and salt gradient elution

(0 - 0.54) was then employed to separate the C1 subcomponents.
The subcomponents thus obtained were described as impure and
contained up to eight other protein bands by volyacrylamide-
gel electrophoresis. (Lepow et al, 1963). This original
method was adapted by Gigli and coworkers who performed
Sepharose 6B gel filtration of the resuspended euglobulin
fraction in the presence of calcium to obtain a more pure
Cl-containing starting material for subseguent DZ-cellulose
ion exchange chromatogravhy in the presence of ZIDTA. (Gigli
et al, 1976). Elution was verformed as described above to
give homogeneous C1s as determined by polyacrylamide gel
electrophoresis.

The method utilized in these studies was essentially
that of Lepow et al (1963) and included an additional ion
exchange chromatography step (DEZ-viscose) instead of the
gel filtration step used by Gigli et al (1976). The results
of a typical Cis purification are shown in Table 1. The
elution profiles obtained for thé DE viscose and DX cellulose
ion exchange chromatography steps are shown in Figures 13 and
14 respectively.

Human serum contains a large excess of C1 inhibitor
(100g/1itre of serum) (Fothergill and Anderson, 1976) and
so prevents the determination of serum Cis esterase



Table 1. Purification of Human 3Subcomponent Cls
Step | Fraction |Volume [Protein | Total Total Specific  |Yield
Conc. Protein Activit Activity (%)
{ml) (mg/m!) (mq) [units (unitsng) :
serum |4, 500 70 315,000 Nabe® | TuB.”
11 N - > .
Eggi/ L52 8.5 3,842 306433 | 0.0901 100
2| dialysed 507 5.8 2,941 215.47 | 0.0733 D43
3| DE~- 300 0.64 192 156.67 | 0.8160 50.9
viscose
L DE-52 111 0.36 Lo 74.00 | 1.8530 24 .1
Note a. Esterase activity of serum could not be determined

because of the presence of natural proteinase inhibitors.

b. The activity present at the NaCl/%DTA solubilization
step (Step 1) is assigned to be 100%.

A yield of 40O mg C1s from L.5 litres human serum reoresents

an 8% recovery (9 mg pver litre serum) using a C1s serum
concentration of 110 mg »er litre (¥#ller-%berhard, 1975).
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activity. C71 inhibitor remains in the pseudoglobulin
fraction (Davie et al, 1976) and so allows the first esterase
assays to be performed on the resuspended euglobulin _
precipitate (Step 2, Table 1). A yield of 50 - 80% has been
obtained for the recovery of C1 in the euglobulin precipitate
using haemolytic assay procedures (Gigli et al, 1976). The
Cis recovery at this stsge was unable to be determined using
esterase assays and so the amount obtained wss arbitrarily
set at 100%. The precinitate which formed on vrolonged
overnight dialysis prior to DE viscose chromatogravhy .
appeared to contain Cis as indicated by a slight decrease

in specific activity (Step2 Table 1).

A 73% recovery of esterase activity accompanied by an
eleven-fold increase in specific activity was obtained for
DE viscose ion exchange chromatogranhy. Greater than 507%
losses of esterase activity were consistently expzarienced
with a two-fold increase in specific activity for DI 52
chromatogranhy (Step L4, Table 1). The removal of a
contaminant esterase also possessing cbz-Lys-Ollp esterase
activity cannot be discounted. C1s was the last protein
peak to be eluted from DE 52 using the 0.2 - O0.4M sodium
chloride gradient, but however a small protein peak
containing no cbz-Lys-ONp esterase activity was eluted using
a 1M sodium chloride column wash. In both ion exchanvze
chromatogravhic procedures nocther esterase—active peaks
were obtained except for the single C1s - containing peak.
C1s was eluted at I=0.25 (8-9 mmho/cm) on the salt gradient.

A final yield of 9 mg Ci1s per litre of serum was obtained.

This compares favourably with Cis yields of 5-10 mg/litre of
serum obtained by workers using variations of the euglobulin
precipitation - ion exchange isolation procedure (Sim et al,
1977) (Gigli et al, 1976) (Barkas et al, 1973). The specific
activity of purified Cis was 1.85dpmoles/ﬁin/mg. A value

of 2.7 - 3.1 mmoles/min/mg was obtained by Sim and coworkers
for Cis using the same substrate but under different assay .
conditions (Sim et al, 1977). Sim and coworkers verformed
their C1s assays at pH 6.0 with a cbz-Lys-ONo concentration

of 0.14 mM at 25°% to obtain a Km for this substrate of 0.8 mM
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(Sim et al, 1977). The Cis assays were performed in this

project at pH 6.0 but at only 0.09 mM substrate concentration
and at 19 - 20°C. Both of these factors, but mainly temperature,
may account for any slight discrevancy in specific activity of
C1is.

The Cis obtained was homogensous as determined by SD3S-
7.5% polyacrylamide gel electrophoresis (PAZE) (plate 2C)
which showed a singzle protein-staining band having electro-
phoretic mobility with respect to that of bromophenol blue
dye marker of 0.40. Ouchterlony immunodiffusion using
anti-Cis against purified Cis produced a single orecipitation
line indicating that only one immunological reaction has
taken place. (Plate 1).

(ii) Subcomponent Cis Purification

A preparation of unactivated Ci1s from 2 litres human
serum yielded Cis inactive in the cbz-Lys-ONp esterase assay.
The entire protein neak eluted from D= viscose with 0.3M
sodium chloride (I=0.4)was pooled, dialysed against starting
buffer and applied to the equilibrated DI 52 column to give
a protein elution profile similar to that as for Cis
purification (See Figure 1L). When the pezk height fraction
eluted from DE 52 with the salt gradient was assayed using
¢bz-Lys-ONp an hydrolysis rate of 0.0015 Units/ml was
obtained. Incubation of this frzaction for four hours with
crude Cir before assaying resulted in a cbz-Lys-ONp hydrolysis
rate of 0.4960 Units/ml. Assuming comolete activation to
C1s the original C1s is therefore 0.3% activated prior to
incubation with Cir. SDS-7.5% PAGE of C1s gave essentially
a single protein-~-staining band.

Unactivated C1s has vreviously been successfully isolated
by the repeated addition of the serine protease and esterase
inhibitor, diisopropylfluoropvhosvhate (dip-F) throughout the
isolation procedure. (Gigli et al, 1976) (Arlaud et al,
1977a). As the use of this highly toxic inhibitor is
actively discouraged for safety reasons the less harmful
serine protease inhibitor ophenylmethanesulfonylfluoride



PLATE 1

Immunodiffusion of Purified Cls
Inner well = anti-Cis
Outer wells = Cis
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(PMSF) was used to similarly prevent spontaneous activation
of C1s by contaminant proteases during isolation. PMSF was
equally as effective as dip-F in preventing Ci1s activation
The dip-F final concentration usedwas 5 mM (Gigli et 2al,
1976; Arlaud et al, 1977a2) and although PMSF at a final
concentration of 5 mM was successful in preventing Cis
activation, concentrations of 2.5 mM and 1.25 mM were
equally as effective. A more specific trypsin-like inhibitor,
benzamidine, has adlso been used successfully. (Campbell et
al, 1979). At 4°c and pH 7.4, the temperature and pH used
for Ci1s isolation, the lifetime of PMSF inhibiting ability
has been shown to exceed 30 hours. (James, 1978). A
single addition of PMSF at a final concentration of 1.25 mM
at the C1 solubilization and dissociation step is therefore
likely to be able to prevent C1s activation during and after
this stage. C1 inhibitor remaining in the pseudoglobulin
would be exvected to cause inactivation of Cis-activating
proteases during euglobulin precipitation. Strictly
performing cach stage of the Cis purification procedure at
low temperature has been routinely applied (Arlzud et al,
1977a) (Gigli et al, 1976) and would be expected to
contribute to zymogen stability.

The specific sctivity of Cis, sctivated by incubation
with C?;, was consistently lower than that of C1s purified
in the absence of FPMSF even though both preparations were
essentizally homogeneous as determined by SDS-polyacrylamide
gel electrophoresis. ( The Em for C1s was 0.589.) This
phenomenon has been described when using dip-F as inhibitor.
(Gigli et al, 1976). The reaction of zymogens with
irreversible inhibitors (dip-F or PMSF) affects the zymogers
ability to function following activation (Kerr et al, 1978).
This is thought to be due to inhibitor reaction with the
active site serine of the zymogen thus producing inactive
protease or esterase even aftef normal activation. (Andrews
and Baillie, 1979). '

(iii) Activation of Cis by Cir

C1s (0.67 mg/ml) having esterase activity of 0.004 U/ml
was incubated with a crude preparation of Cir and the esterase
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activity generated after 10 minutes and 20 minutes was
determined. (Table 2). Correction has been made for
autohydrolysis of the ester substrate. Appropriate
controls of Cis - and Cir - alone showed little esterase
activity was produced. Cir incubated alone did not yield
esterase activity while C1s alone generated only 2% of the
esterase activity of C4s incubated with Cir. As Cis does
not self-activate (Gigli et al, 1976), trace contamination
by Cir would explain the slow generation of esterase
activity when Cis - alone was incubated at 37°C. Dodds et
21 (1978) also found a gradual increase in Cis activity on
incubation of C1s alone. Up to 1% cross-contamination of
Cis by Cir has been shown to occur in a preparation of Cis
. isolated using a similar vprocedure to that used in these
studies. (Arlaud et 21, 1977b). Affinity chromatography
of C1s using an anti—C?;-immunoglobulin—Sepharose column
was required to completely remove Cir to give stable non-
selfactivating Ci1s preparations. 'then C1s alone vas
incubated at 3?00 for several hours C.1635 U/ml esterase
activity could be generated. Hoviever the addition of Cir
greatly accelerated the rate of generation of Cis activity.
Cis purified in the presence of PMSF therefore yields Cis
which is able to undergo CT;—catalysed activation to the
active form, C1s.

(iv) Reduction and Carboxymethylation of Cis

SDS-7.5% PAGE of desalted reduced and carboxymethylated
Cis (rCH CTE) gave two vrotein-staining bands of mobility
with respect to bromophenol blue of 0.528 and 0.859 .
(Plate 24). Reduction of Cis with 2-mercaptoethanol prior
to SDS-7.5% PAGE resulted in two protein bands of mobility
0.525 and 0.842 (Plate 2B). A comparison of polyacrylamide
gels following SDS-PAGE of reduced C1s and RCM C1s was used
to determine the extent of disﬁlphide bond reduction before
attempts at chain separation were performed (compare Plate
2B with Plate 2A). "hen complete reduction was achieved the
conversion of the single-chain Ci1s protein (Em=0.400) to the
constituent a (Em=0.528) and b (Em=0.859) chains could be
seen (compare Plate 2C with Plate 2B).



Table 2. Activation of Cis by Incubation with Cir

CTs activity CTs activity CTs activity
Sample after 10min () |after 20 min (Unl) generated /min.
C1s + buffer 0.0306 0.032Y 0.0002
buffer + Cir 0.0018 0.0072 0.0005
Cis + Cir 0.0720 0.149Y4 0.0077
Cis + Ciro 0.068L 0.1422 0.007Y

Cis or buffer (0.5 ml) was incubated at 37°C with
0.1 ml of C1r or buffer for 10 min. n»t which time 0.2 ml
was assayed for cbz-Lys-ONp esterase ~ctivity then
incubated for a further 10 min. and the esterase activity
of a 0.2 ml aliquot was again determined. An activity of
1 U/ml is equivalent to 1 amole substrate hydrolysed/min/ml
enzyme.

"Buffer" refers to phosphate starting buffer; U4O mM
phosphate buffer, pH 7.4 containing 41 mM =DTA. C4is and Cir
were each dissolved in the above buffer.

cir and CTFQ refer to two different prevarations of the
CTF;containing peak eluted from DE viscose.
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Initizal problems of incomplete reduction of C1s were
due to the small two-fold molar excess of DIT over protein
disulphide bonds used to bring about disulphide bond
reduction. The 50 mM DTT concentration finally employed
in these studies revoresents a 70-fold molar excess of DTT
over protein disulphide bonds using a value of 20 moles
cysteine per mole Cis (Sim et al, 1977) and a protein
concentration of 0.5%. This higher DTT concentration is
similar to that used by Sim and coworkers to reduce human
C1s disulphide bonds (Sim et al, 1977) while an even greater
100 mM DTT concentration with only 0.02% protein concentration
was used to reduce factor D of the alternative complement
pathway. (Volanskis et 2al, 1977). Similar harsh reduction
methods have been used vreviously (Gall et al, 1968). Thorough
protein denaturation, sometimes even reqguiring heating, apnears
to be essential to allow access of reducing agent to effect
disulphide bond reduction. The variation in susceptibility
of protein disulphide bond reduction is well illustrated in
the selective reduction of immunoglobulin interchain disulphides
in the absence of denaturant leaving intrachain bonds intact. |
Harsher reduction methods result in complete reduction.
(Konigsberz, 1972).
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3.2 Chain Separation

(i) Gel Filtration

All attempts tc routinely separate the RCM Cis a and
b chains using gel filtration technigues were unsuccessful.
Gel filtration of RCM C1s in the absence of denaturant
produced a single protein peak, which, when subjected to
SDS=7.5% PAG® contzined a mixture of a and b chains. This
occurred using Sevhadex G100, Sevhadex G150 and Sephacryl
S200. Gel filtration in the presence of denaturant using
Sephadex G100 and Sephadex G200 resulted in partial
separation of the a and b chains which were eluted in the
expected order but were eluted very close together. SDS-7.57%
PACE of individual fractions showed that that cross-contamination
of each chain had occurred and unless many fractions were
discarded would not zive homogeneous a and b chains.

The elution of the a and b chains as a single peak using
gel filtration can be due to three factors: '

1« Incomplete Reduction of C1s will result in the a
and b chains still being covalently linked by disulphide
bonds. This problem can be overcome by using the harsher
reduction and carboxymethylation procedures described as well
as by determining the extent of reduction by performing SDS-
PAGE on RCMC1s before chain separation is commenced.

2. Noncovalent interactions may cause the a and b chains
to adhere. These interactions can be decreased by including
a denaturant in the separation buffer. Guanidine hydro-
chloride (6l) has been used for chain separation by gel
filtration on Sephadex G200 (Sim :and Porter, 1976; Sim et
al, 1977). Chain separation by gel filtration using urea or
guanidine hydrochloride was however found to be unsuccessful
as a routine chain sevaration technique. Other groups have
also found this and some have resorted to preparative gel
electrophoresis to separate the a and b chains (Personal
Communications). Takahashi et al (1975a) used analytical
scale PAGE in the presence of 1% SDS to obtain homogeneous
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a and b chains for N-terminal sequence determination of each
chain. Other functionally related serum serine proteases
also require denaturants to bring about chain separation.

The two chains of bovine activated Hageman factor (Factor
XIIa) of the blood cosgulation system can be separated

using Sephadex G100 but reguires a buffer system of 7% formic
acid containing 3M urez (Fujikawa et al, 1977).

3« The selection of a filtration gel having a distri-
bution coefficient incompatible with the proteins to be
separated will result in poor separation. The selection of
the most suitable gel for a given protein separation is based
on the linear distribution coefficient range of that gel.

At either end of this range voor separation will be achieved
if both proteins are of similar molecular size. As the
larger of the two chains of RCM Cis is reqguired in a homo-
geneous state it is undesirable to have this chain eluted

in the column void volume as contamination by other larger
proteins such as unreduced C1s will result.

(ii) Ion Exchence Chromatocranhy

As chain separation by gel filtration was unsuccessful
a recent report by Campbell et al (1979) who sevarated bovine
RCM C1s a and b chains using DEAE-Sepharose CL-6B in the
presence of 8M urea was studied with great interest. This
method, with a modification of the ion exchanze resin to
DEAE -Sephadex A-50, was routinely applied to the separation
of human RCM C1s a and b chains. The elution profile obtained
was the same as for bovine RCY Cis chromatograshy on DTAE-
Sepharose CL-6B; the b chain was not bound while the a chain
was eluted with approximately 0.25M NaCl, (Campbell et 21,
1979). The protein eluted in the unbound veak using DEAE-
Sephadex A-50 had an electrophoretic mobility on SDS-7.5%
PAGE of 0.830 (Plate 3A) and the bound protein eluted with
0.2M NaCl had an electrophoretic mobility of 0.55 (Plate 3B).
These mobilities compare favourably with those found for
RCM C1s b and a chains of 0.859 and 0.528 respectively and
for 2-mercaptoethanol reduced Cis of 0.842 and 0.525
respectively for the b and a chains. Fourteen mg (250 nmoles)
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lyophilized and salt-free RCH Ci1s a chain was obtained from
LO mg Ci1s representing a 52% yield for the reduction and
carboxynethylation, ion exchange chain separation and
desalting steps. This compares with a bovine RCM Cis a
chain yield of 60-80% for the ion exchange chain separation
step alone (Campbell et al, 1979). Fractions 53-60 (Figure
15) were individually subjected to SDS-7.5% PAGE as a
protein contaminant apncared to ve eluted slizhtly before
RCM C1s a chain. No centaminant was evident in any of the
SDS-7.5% polyacrylamide gels of these fractions.

It is interesting to note that even for chain separation
by ion exchange methods a denaturant appeared to be required
and as well it was thought necessary to introduce a slight
éharge effect by including 5 mM NaCl in the buffer medium.
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%.3 Bnzyme Digestions

(i) Carboxyveptidase B Dicestion of RCY Cis

RCM C1s (28 mg), twice desalted and lyophilized, was
digested by carboxypeptidase B using an enzyme to substrate
ratio of 1:60 ("/w). Five mg RCM CTs was extracted from
the digest mixture 0,5,12 and 25 minutes after CPB addition.
Each time course sample represents 60 nmoles of RCY a and
60 nmoles of RCM b chains. CPB acted very rapidly to release
a guantitative amount of arginine probably well before the
first sampling time of 5 minutes as this sample contained
54 nmoles Arginine and remained constant at 57 nmoles for
the 12 and 25 minute sampling times (Figure 16). A
substrate blank containing 5 mg RCU C1s alone was incubated
for 25 minutes and resulted in no release of free amino
acids. Both the O time sample and CPB-alone blank also
contained very low levels of free amino acids.

Chymotryptic contanination and CPA-1like activity would
account for the very high yields of Tyr and Phe and lesser
yields of Val and Leu. Such contamination by chymotryontic
and possible inherent or trace CPA activity has been known
for some time (Folk, 1970; Potts, 1967). The gradual
release of most amino acids, excluding Glu, Pro, Gly,
CMCys, Asp, Ile, and His suggests both endo- and exo-peptidase
activity contamination of this CPB preparation. Inhibitor-
treated CPB shows a very restrictive substrate specificity
and releases both Arg and Lys from the C-terminus of
proteins (Folk, 1970).

The CPB protein substrate consisted of a mixture of

RCM C1s a and b chains in a 1:1 ratio. While the a chain
is predicted to terminate in an Arg or Lys residue on the
basis of Cir ester substrate specificity (Takahashi et al,
1975a) the C-terminal residue of each chain is unknown.
Therefore because of the impure CPB and the presence of two
protein substrates in the reaction mixture Arz is proposed
as the likely C-terminal residue of the RCM C71s a chain and
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FIGURE 16 Carboxypeptidase B Diestion of Cls
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no other residues can be even tentatively placed.
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3.4 Peptide Maoning

(i) Peotide Manving of Bovine Pancreatic Ribonuclesse A

When the endopeptidase-derived peptides of a particular
protein are separated by two dimensional electrophoresis and
chromatography they form a pattern or "fingerorint"
characteristic of that protein. Thus when a protein is
modified in some way at a single specific point, for examnle
by carboxyveptidase digestion, a comparison of the peptide
maps of the unmodified and modified protein will show which
peptide has undergone modification 2nd hence has altered
electronohoretic and chromatozraphic mobilities. Elution of
the original peptide from the peptide map of the unmodified
protein will give that p~rt of the protein at which the single
peint modification has occurred; the C-terminal derived
peptide in the case of carboxypeptidase digestion.
Modification by carboxypeptidase digestion also allows the
amino acids cleaved from the C-terminus of the protein to
be analysed and these should compare with those present in
the isolated C-terminal peptide.

Before this technigue was applied to Cis a preliminary
experiment was cocnducted using as substrate the much smaller
bovine pancreatic ribonuclease A (molecular weight 14,700
daltons). Reduced and carboxymethylated RNase (8 mg) was
digested by carboxypeptidase Y for & hours and then subjected
to a chymotryvotic digestion while znother 8 mg of RCl~-RNase
was subjected to a chymotrypntic digestion alone. Approxi-
mately 30 ninhydrin-staining spots were obtained on the
chymotryptic map of each RNase sample.

The map of acidic chymotryptic peptides of unmodified
RNase contained an additional red-staining peptide when
compared with the acidic chymotryptic peptides of carboxy-
peptidaée—modified RNase. This peptide had an electrophoretic
mobility of O.44 with respect to aspartic acid in the first
dimension and a mobility of 0.51 with resnect to DNS-Arg in

the second chromatography dimension. Amino acid analysis of
this peptide following elution from the map as well as’
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identification of the free amino acids liberated by the

6 hour CPY digestion are shown in Table 3. The amino acid
analysis of the eluted peptide gave only three amino acids
in approximately equivalent yields of 15 nmoles; these
being serine, alanine and valine. It therefore appears
that a chymotryptic cleavage at Phe-120 of RClI-RNase has
occurred. The low yield of Asp-121 would be due to ninhydrin
staining of the peptide and subseqguent loss during acid
hydrolysis. Ranking of amino acids relecased by CPY in
decreasing yields gives the expected amino acid sequence of
RNase of Nlip-Phe-Asp-Ala-Ser-Val-COOH (Smyth et al, 1963)
which compares favourably with the composition of the
isolated C-terminal peptide of Val,Ser,Ala and (Asp). Table
3. The rapid release of C-terminal aspartic acid by CPY at
PH 5.5 and the presence of three valine residues near to the
C-terminus of RNase (Val-12L4, Val-118, Val-116) contributed
to the difficulty in interpretation of the results obtained.
This tetrapeptide, (molecular weight 390 daltons) having a
negative charge of -1 and 3m -0.44 at pH 6.5 compares well
with a required molecular weight by Offord mobility plot
(offord, 1977) of LLO daltons. This is evidence for the
involvement of aspartic acid in an otherwise uncharged
peptide at pH 6.5.

Modifications to the Peptide Mapping Technique as a
result of Ribonuclease Peptide Mapping.

From theresults of the RNase peptide mavping experiment
it was decideé to slightly modify the orocedure to obtain
more definitive maps for the much larger Cis. The use of
only very specific enzymes, both the carboxypeptidase and
endopeptidase, would result in more definitive "fingerprints"
of vroteins. The use of CPB to remove only the postulated
basic residue from the C-terminus of the C7Ts a chain would
give rise to a single specific modification of the C-terminal
derived peptide. The loss of a positively-charged residue
would be expected to significantly alter the mobility of -
such a peptide. DCC- or TPCK-treated trypsin or highly
purified preparations of chymotrypsin in the presence of a
tryptic inhibitor would also reduce the probability of



Table 3. A Comparison of Residues Released by

Carboxypeptidase Y and Composition of

Carboxyl Terminal Peptide 2ith the

Ribonuclease 3Secquence

Yield of Residues D

Composition of C -

Ribonuclease Sequenceq Residue Released by CPY terminal Peptide©
Val-124 Val y [Py 174
Ser-123 Ser 0.85 152
Ala-122 Ala .76 12.7
Asp-121 Asp D.71 12
Phe-120 Phe 0.63 0.0
His=119 Pro 057 04
Val-118 His O.L8 00
Pro-117 Tyr CeltH 0.0
Val-116 Thr Q33 0.1
Tyr-115 Leu Q.72 0.1

Ile 0.18 0.
Met 0.15 C.0
Glu 0.14 0.6
CV¥Cys 013 Q.0
Gly 0,12 0.0
Lys 0.04 0.0
Arg 0.04L 0.0

Note a. from Smyth et al (1963) Val-124 is the Crrboxyl
Terminal residue of Ribonuclease

b. moles amino acid released per mole Ribonuclease

c. nNmoles of amino acids in eluted peptide, blank

values have been subtracted.
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secondary fragmentation of peptides. Repeated stzining of
the peptide maps with very dilute ninhydrin solutions
(0.025%) by spraying on one side of the paper only would
minimize losses of the N-terminal residueof peptides
(Bennett, 1967).

(ii) Peptide M=pping of Cis

RCM C1s a chain (3.6 mg/2 ml 0.1M ammonium bicarbonate,
pH 8.0) was digested by CPB for 416 hours while a second a
chain sample was incubated alone as a substrate control.
Determination of the amino acids released by CPB was
inconclusive due to hizh levels of free amino =zcids in the
a chain control and also to significant chymotryptic and
CPA contamination of CPB. Very high levels of free Tyr and
Phe and to a lesser extent of Leu and Val were genercted
in the digestion mixture indicative of chymotryptic contamin-
ation of CP3. As well] nuch Lys and Arg was also produced
suggesting that tryptic cleavage of the a chain also took
place. As CPB is thought to contain inherent or trace-
contaminant CPA activity (Folk, 1970) these amino acids
would all be released following endopeptidase cleavage of
the Cis a chain. Presumably the prolonged 16 hour digestion
by CPB caused these lesser side reactions of CPB contaminants
to become significant. Lys, Arg, Val, Leu, Tyr and Phe were
all released at or greater than three times the theoretical
yield expected while His, Asp, Thr, Ser, Ala and Met were
released in quantitative mole/mole yields. Glu, Pro, Gly,
CMCys and Ile were not released at all

Following CPB digestion both samples of Ci1s a chain

were dizested with trypsin and a tryptic map of each sample
was performed. Approximately L8 peptides were predicted to
be obtained based on a value of L.4 Lys and 4.2 Arg residues/
100 residues and an a chain molecular weight of 56,000 daltons
(Sim et al, 1977). Only 22 tryptic peptides were identified
on the map of unmodified a chain while 17 pveptides were
identified on the map of CPB - modified a chain. Table 4.
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Blectrophoresis of the tryntic peptides of unmodified a chain
appeared to be affected by the presence of salt with the
result that peptide mobilities of modified and unmodified

a2 chain in the first dimension do not compare well. The
general patterns of the respective maps were however similar.
An additional acidic peptide having an Em-0.50 and chromato-
graphic mobility 0.36 was obtained in the map of unmodified

a chain (indicated by % in Table L4).

Less than half of the expected number of tryptic peptides
were visualized in the maps of RCM C1s a chain therefore
although a possible C-terminal peptide had been isolated even
if it had been eluted and sequenced its assignment as the
C-terminal derived peptide of the a chain could not be proven.
The general peptide mapping procedure is apnlicable to C-
terminal peptide isolation from substrates of reasonable size
only. Protein substrates of 14,000 daltons (Canfield, 1963)
and 30,000 daltons (Carlton and Yanofsky, 1963) have been
successfully used. The Cis a chain however is much larger
" with the result that peptide maps are very difficult to
clearly interpret making this an unsuitable method for C-
terminal peptide isolation from the C1s a chain.



Table 4. Mobilities of Tryptic Peotides of C1s a chain
and CPR-modified C1s a chain

CPB=modified a chain a chain
Mobility (x,y)? colour ° | Mobility (x,y)” colour °
| Neutral 0.60, 0.83 D 0.4.8, 0.85 Y
Pentides 0.48, 0.76 D 0.28, 0.85 D
0.63, 0.61 fn O.48, 0.62 o
0.43, 0.54 fp 0.33, 0.55 fo
072, 0.35 fp 0.62, 0.30 D
0.83, 0.26 o 0,70, 0,22 o
0.49, 0.31 fp -
0.53, 0.24 D 0.48, 0.22 D
O.44, 024 p 0:304 Qa.2L 9
- 0.%58, 0.LO fp
_ 0.85, 0.14 fp
Acidic 0.65, 0.20 £ 0.42, 0.30 £n
Peptides 0.86, 0.33 £p 0.85, 0.30 rp
0.93, 0.26 i) 0.88, 0.21 fp
- *0.50, 0.36 Io/?
- O.40, 0.29 o
- 0.27, 040 o
Basic 0.51, O.44 p 0«21, Ou44 fo
Peptides - 0.24, 0.54L fp
0.50, 0,29 D 0.40, 0.4 D
0.72, 0,22 D 0.65, 0.21 .
0.36, 0.19 o) 0.40, 015 o/p
0.90, 0.17 o/p 0.80, 0.16 o/p

Note a. Mobilities are expressed as (x,y) where x is the
electrophoretic mobility (with respect to Asn for
acidic and basic peptides; with resnect to DIS Arg
for neutrsl peptides) in the first dimension and y is
the chromatogrzephic mobility (with respect to DS Arg)
in the second dimension. Correspondiny peptides in the
a chain and CPB-modified a chain peptide maps are




Table 4.

placed next to each other.
Note b. Colour of peptide spots is:

D
o

purple, fp = faintly staining purple,

o |

I

orange, o/p = orange/red

% indicates a possible additional pentide
not present in the tryntic map of CP3-
modified C1s a chain.
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3.5 Chemical Modification

(i) Protein Carboxyl-blocking

The stratezy for labelling a carboxyl group produced
by polyveptide chain cleavage was to involve two sequential
carboxyl-blocking expveriments; the first on zymogen CTE,
and the second using a radioactively-labelled blocking group
on activated CTE.I The radioactive label was to provide a
convenient m=thod for followinzg the C-terminal amino acid
residue of the Cis a chain during a chain proteolytic
digestion and subsequent C-terminal peptide isolation
(Figure 17). A similar simplified procedure has been used
previously (Carraway et al, 1968).

Unactivated C1s (15 mg) was reacted with taurine to
give 9.5 mg taurine-blocked Cis. A measure of the extent
of carboxyl-blocking was made by d=termining the amino acid
composition of Cis after taurine blocking. Seventy-seven
moles taurine and 83 moles asvartic acid and 112 moles
glutamic acid were obtained per mole C1s representing a
39.5% carboxyl-blocking efficiency. As asparagine and
glutamine are desgraded during acid hydrolysis to give the
respective acidic amino acids Asp and 31lu the value of 39.57%

carboxyl-blocXing represents a minimum value only.

Incubation of taurine=blocked C1s with partially
purified Cir for several hours at 3700 resulted in no
active taurine-blocked Cis as determined by the cbz-Lys-ONp
esterase assay. Therefore either taurine-blocked C1s is
unable to undergo activation by cir and/or the resultant
taurine-blocked C1s is inactive in the cbz-Lys-ONp assay.
To distinguish between these possibilities the carboxyl
groups of active Cis were blocked using taurine as above.

Acid hydrolysis and subseqguent amino acid analysis of
the taurine-blocked C1s showed that 108 moles taurine had
been coupled per mole CTE, representing a minimum of 54%
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carboxyl-blocking. Cbz-Lys-ONp assays of Ci1s and taurine-
blocked C1s gave hydrolysis rates of 0.587 U/ml and 0.0 U/ml
respectively for solutions of similar protein concentrations.
The original taurine blocked Cis, after incubation with cir
may therefore be in the activated C1s state but it is
inactive to the cbz-Lys-ONp assay.

As ester hydrolysis appeared to be unsuitatle for
discriminating between the anactivated taurine-Cis and
activated taurine-C1s states an alternative method was
employed. Carboxyl-blocked Ci1s or C1s was reduced and
sub jected to SDS-PAGE to give the single and double protein-
staining bands resnectively. SDS-PAGE of reduced taurine-
blocked Ci1s or Cis gave only a single diffuse vprotein-staining
band situated at the origin of the polyacrylamide gel. This
is suggestive of crosslinking between different taurine-
blocked C1s or C1s molecules. Native 7.5% PAGE of taurine-
blocked Cis or Cis also gave a single diffuse band at the
gel origin.

Since protein amino groups are protonated at pH 4.75
and therefore not good nucleophiles carbodiimide-catalysed
crosslinking reactions are performed at pH 8. This
procedure has been used successfully to crosslinkX protein
molecules or to couvle proteins to cell surfaces or insoluble
supports. (Carraway and Koshland, 1972). Although C1s and
Cis carboxyl-blocking reactions were carried out at nH L.75
it appears that significant protein crosslinking has occurred.

Because taurine is a seldom used blocking group a
carboxyl-blockinz experiment was performed using glycine
methyl ester as the blocking group. Cis (7.1 mg) was
reacted with glycine methyl ester to yield 6.7 mg glycine
methyl ester-blocked C1s (947% yield) which like taurine-
blocked C1s, was inactive in the cbz-Lys-ONp assay (0.0 U/ml).
Acid hydrolysis and amino acid analysis of glycine methyl
ester-Cis gave 175.5 moles glycine per mole Cis as well as
83.1 moles aspartic acid and 111.4 moles glutamic acid.

The glycine content of unblocked C1s was determined as
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71 moles glycine per mole Cis. Therefore 10L .5 moles
glycine methyl ester was couvled per mole Cis representing
a minimum of 547 blocking of possible Cis carboxyl grouvs.

Carboxyl-blocking of C1s using taurine gave a minimum
of 39% blocking while carboxyl-blocking of C1s using taurine
or glycine methyl ester both gave a minimum of 54% blocking.
Perhaps this difference reflects changes in Ci1s conformation
on activation to Cis. The amino acid analyses were performed
after a single 18 hour acid digestion snd tryptophan was not
determined at all.e It must be emphasised that such calcula-
tions as expressed on a molar basis depend on extreme
precision of analytical technigues and on an accurate
molecular weight value for Cis and Cis. These percentages
then are intended as an indication of the level of carboxyl-
blocking only. In the opresence of a denaturant all protein
carboxyl groups can be blocked while in the absence of a
denaturant only those "exnosed" carboxyl groups are blocked.
The difference gives the number of "buried" or internal
carboxyl groups. (Carraway and Koshland, 1972). C1s and
Cis blocking exvneriments were performed without densaturant
so it is unlikely that 100% carboxyl blocking was achieved.
Unfortunately all efforts to produce a Cis species having
all or most of its carboxyl grouvs blocked (except the a
chzin C-terminal carboxyl group) appeared to be unsuccessful.
This may have been due to the cross-linking of different
protein molecules through amino and carboxyl groups of
different Ci1s molecules as well as irreversible denaturation
of C1s caused by carboxyl-blocking or crosslinking thus
preventing Clir-catalysed activation and/or Cis catalysis.
The failure to bring about the desired peptide bond cleavage
of carboxyl-blocked C1s caused the abandonment of this aporoach
to C-terminal pveptide isolation.
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3,6 Affinity Chromatoosranhic Isolation of a C-termiral

Pepntide
e

(i) Prev=ration of ST-Senhsrose LB

A 1.0 ml settled volume of ST-Senharose 4B was hydrolysed
with 6M HC1l 2nd a suitable aliguot (%O) of the freeze dried
material wes subjected to amino acid analysis to give approx-
imately 1.5 ﬁmoles‘arginine—containing ligand per ml settled
volume of gel. Table 5. ST-Sepharose has previously been
prepared containing 1-5 mmoles (Kasai and Ishii, 1975) and
L4L-11 umoles (Yokosawa et al, 197€) arginine-contazining ligand
per ml settled volume of zel. The 1.5 umoles arginire-conteining
- ligand per ml settled volume gel obtairned would represent a
minimum value only as acid digestion of the gel appeared to be
incomplete. A more suitable method instead of in vscuo
hydrolysis would be refluxing enabling hydrolysis to be
performed in a much larger volume of acid thereby minimizing
losses of gel on the tube walls. Significant losses of the
N-terminal residue of peptides, through which the peptide is
sttached to the gel, can occur on acid hydrolysis (Gabel and
Axén, 1976). Protamine sulphate (Salmine) is a highly basic
protein from fish spverm znd consists of a mixture of several
polypeptides, each of about 30 amino acids of which approxi-
mately two-thirds are afginine residues. The products of
tryptic digestion consist of many di- and tri-peptides
containing only one residue of L-arginine at the carboxyl
terminus of each peptide. (Xasai and Ishii, 1975).

(ii) ©Prevaration snd Purification of Anhydrotrynsin

A summary of anhydrotrypsin preparation is shown in
Table 6. The slution profile of anhydrotryosin purified by
affinity chromatography on ST-Sepharose is given in Figure
18. The column-bound anhydrotrypsin peak was eluted with
5 mM HC1 only after thorough washing of the ST-Sepharose
column. The unbound protein peak still contzined =anhydro-
trypsin as the specific activity of this protein peak was



Table 5. Amino Acid Analysis of 3T-Senharose 4B

Amino Acid nmoles
arginine 1460
glycine 560
proline 120
histidine 170
serine 150
valine 140
alanine 110
aspartic acid 100

A 1.0 ml settled volume of ST-Senharose wns
subjected to acid hydrolysis and -n nliguot to azino
acid analysis.



Table 6.

Anhydrotrypsin Preparation

e |}
; Total BAPNA Specific o
Volume. | Frotemn Protein Activity Activity T:_ypsm
(ml) {mg/ml)| (mg) (U/ml) (U/ml) | Activity
Trypsin 190 2.63 | 5002 227,25 15178 e
PMS- Trypsin 191 207 Ll .6 0.007 (3..003 Ce?5
Alkdline. Trypsin 230:.31 1+79 411.6 0.163 0.091 T Tl
Affinity Chromatography o B
ST-Sephurose e[uqfe‘1 10 J.’JC 66 0.352 “.’30; r-}.h"i
ST-Sepharose elyate2| 47 115 54 0.008 | 0.007 D.59
Pooled eluate 120
1922

Note a.

otherwise by the Coomassie dye binding method using

tryposin as the standard oprotein.

g

Protein was determined by the weicht of dry material,

3T-8epharose eluate 2

refers to the 5 mM HC1 eluted nesk after reaponlication

of the unbound material from the 3T-5evpharose eluate 1

passage.
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much lower than that of tryvsin. As expected the leading
edge of this peak contained most of the trypsin because
trypsin has a much lower affinity for ST-Sepharose than
anhydrotryosin at pH 5.0. The entire unbound vrotein peak
(see Figure 18) was pooled and after dialysis was reapplied
to the re-equilibrated ST-Sepharose column. The column-
bound anhydrotrypsin peak eluted by 5 mM HC1l was pooled to
give ST-Sspharose eluate 2 (see Table 6).

The combined 5 mM HC1l eluates contained 120 mg anhydro-
tryosin having less than 1% of the specific activity of
trypsin revresenting a 2L% yield (by weight). A yield of
24% compares favourably with a yield of aoproximately 20%
obtained by Yokosawa and Ishii (1977). Their preparation
was reported as containing less than 0.17% of the specific
activity of trypsin. Recently anhydrotrypsin which was
prepared in a 247 yield was less than 0.5% active when
tested by a proteolytic assay (Sayers and Barrett, 1980).
Although the anhydrotrypsin prepared in these studies
possessed a specific activity of approximately 0.5% of that
of trypsin the errors involved in determining such a low
activity and also determining protein concentrstion would

account for any slight differences.

(iii) Prevaration of Anhvdrotrynsin-Sepharose LB

The ligand-binding capacity of the anhydrotrypsin-
Sepharose column was determined by the applicstion of 2.5mg
benzoylglycyl arginine (7,350 nmoles) in 0.4 ml pyridine
buffer, pH 5.0, The 280 nm-absorbing veak eluted by 5 mM
HC1l contained 905 nmoles benzoylglycyl arginine on the
basis of glycine and arginine content after acid hydrolysis
and amino acid analysis of the anhydrotrypsin-bound material.
The anhydrotrypsin-Sevharose column could bind a theoretical
maximum of 5,200 nmoles of benzoylglycyl arginine assuming
complete coupling of all 120 mg anhydrotrypsin and saturated
stoichiometric binding of ligand to immobilized anhydro-
trypsin. A final yield of 17.4% (20.9 mg) immobilized

anhydrotrypsin capable of a binding ligand was achieved.
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(iv) Peptide Isolation by Affinity Chromatosraohy

or 1
Salt-free RCY Cis (16 mg) was digested by
chymotrypsin, applied to the eguilibrated anhydro-
trypsin=-Sepvharose column and eluted with 5 mlM HC1.
Figure 19. Fractions 112-116 were combined (CT I) and
N-terminal end group determination by dansylation
indicated a Glu N-terminal residue.’ As asparagine and
glutamine are converted to aspartic acid and glutamic
acid respectively on acid hydrolysis the Glu N-terminal
residue is more correctly referred to as Glx. Tfurther
purification of this peptide by pH 2.1 electrophoresis
was then performed as slight contamination by glycine
and aspartic acid was evident. Again Glx was determined
as the N-terminal residue and slight contamination by
glycine was apparent. In both N-terminal dansylations
a noncarboxyl terminal £- DNSLys was also produced.
The remainder of fraction CT I wss subjected to acid
hydrolysis and amino acid analysis. Table 7A.
Fractions 31-60, 100-111, 117-120 were individually
lyophilised and subjected to pH 2.1 electrophoresis to
ensure that no peptides had been eluted other than in
the unbound column breaskthrougzh peak (fractions 25-35)
or in the 5 mM HCl-eluted peak (fractions 112-116).
No significant ninhydrin-positive snots were evident
suggesting that specific absorption of a peptide has
occurred.

The absence of Ile, Tyr, and Phe in the peptide
amino acid comnosition sugzests that a real C-terminal
peptide has been isolated. Tryotophan was nbt deter-
mined. Should the isolated peptide contain one of these
residues it would be expected to be the carboxyl term-
inal residue as chymotrypsin only hydrolyses peptide
bonds whose carbonyl group is contributed by the above
amino acids. The elution profile of the anhydrotrynsin-
Sepharose column shows that the 5 mM HCl-eluted peak
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Table 7. Amino Acid Composition of CT I and CT II

Peptides
Table 7A Table 7B
ar I o 11
Amino Acid molar® | PoSsible molar ° gg;?cb:_
nmoles |equiy, [composi-| nmoles |equiv. ey
tion.
CMCys 0 0 0 0
Asp 7.6 1.1 1 29.9 1.0 1
Thr S5« 0.8 1 40.1 1.3 1
Ser 5 e 1.7 2 21.0 0.7 1
Glu 38.0 5.4 5 180.0 6.0 6
Pro 0 0 5145 1.1 1
Gly 4.2 2.0 2 Ll e 1.5 1
Ala 6.9 1.0 2L .5 0.8 1
Val 72 | 440 | 4 30.6 | 1.0 1
Met o |o 0 0
Ile 3.3 0.5 9.9 0.3
Leu L.0 0.6 20.6 047 1
Tyr 0.8 0.1 5s2 | 0:2
Phe 2.0 0.3 33 0.1
His ot 0.2 L.8 0.2
Lys 17.0 2.4 2 58.5 2.0 i 2
Arg 18.6 2.6 [1-2 6lie3 2.1 2

Note a. Molar equivalent is based on a level of 7 nmoles
of peptide.
b. Molar equivalent is based on a level of 30 nmoles
of peptide.
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4

absorbed only weskly at 230 nm in agreement with the
absence of any aromatic residues in the amino acid
composition of the peptide. This is evidence that
tryptophan is also zbsent. The peptide having an N-
terminal Glx was composed of: 2 Lys, 1 or 2 Arg,

1 Asx, 1 Thr, 2 Ser, 5 Glx, 2 Gly, 1 Ala and 1 Val

=Y

Table 7A. Because of the low levels of amino acids
present it was difficult to differentiate between
peptide and background amino acids. No blank spot of
equal size and electrophoretic mobility to the peptide
on the pH 2.1 electronherogram was eluted and subjected
to acid hydrolysis and amino acid analysis. Thus no
allowance has been made for contaminstion by low levels
of free amino acids such as Gly, Ala, and Asp etc which
are commonly founé on electrophoresis paper. Unfortun-
ately arginine was eluted from the amino acid analyser
column by the NaCH column wash as a sharp peak over-
lapping a peak of ninhydrin-positive material consist-
ently eluted at the end of each column run. The
arginine content of CT I is therefore thought to be
either one or two residues. Electrophoresis at pH 2.1
of CT I gave an Zm 1.05 with respect to DIS Arg, which
using a Offord plot (Offord, 1977) corresponds to a
peptide molecular weizght of 350 daltons for charge +2,
760 dsltons for chsrge +3, approximately 1600 daltons
for charge +i4 or approximately 2300 daltons for charge
+5. An approximate molecular weight of CT I is 1800
daltons from the ahino acid composition which suggests
that the peptide may have a charge of +4 at pH 2.1
requiring the presence of 3 basic amino acids: most
probably 2 Lys and 1 Arg residues. Offord plots at

pH 2.1 of such highly charged and large peptides give
an indication only, as mobilities have been determined
only for peptides having a charge of +1 to +3 (Offord,
1977). An average slope of -0.62 (Bailey and Ramshaw,
1973) was used to construct hypothetical mobility plots
for charged peptides of +4 and +5.
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CT IT

RCM-C1s (30 mg) was digested with chymotrypsin
and apvlied to the anhydrotrypsin column as previously
for CT I purification. The 5 mM HCl-eluted peak
contained a single veptide having an NU=-terminzl G1x
residue in good agreement with CT I. A one-third
aliquot of CT II was then subjected to acid hydrolysis
and amino acid annslysis. Table 7B. The amino acid
composition of CT II is in so0o0d agreement with that
obtalined for CT I except for some slight differences
which may have been due to the very low amount of CT I
peptide available for amino scid analysis. Tor this
reason the CT II amino acid composition is considered
to be more accurate than that of CT I. The content of
glycine and serine in CT II is less than in CT I while
the content of threonine and glutamate has increased
slightly. Proline, which was not evident in CT I, was
present in CT II at a level of 41 mole/mole of peptide.
Arginine was again eluted by the NaCH colurn wash =nd
so was eluted as a sharp peak sup=srimposed on the asual
column wash peak. As for CT I its elution nosition wn~s
displaced significantly from its usial position however
an arginine standard was also eluted in the same
displaced position. For this reason a neptide contsinin.
only one Arg residue is thou;ht to be the more likely
case. Such 2 peptide would have a molecular weisht of
1944 daltons and a charge of +4 at pH 2.1. The "m nat
pH 2.1 of CT II was 0:97 (Tlate 4B) and wos in excellent
agreement with ¥m 1.05 for CT I. At pH 6.5 the “m 0,0
indicates that CT II is neutral. (Plate 4A). This
situation requires equal numbers of acidic and bhasic
residues. The three basic residues of CT I and CT IT
requires that three of the 6 Glx and 1 Asx are in fnct

acidic residues with the remainder being amides.

The amino acid sequence of CT 1T was determined
as far as the quantity of material would allow.

Glx-Glx-Lys-Glx=Val was the omino ~ecid sequence obtained.



PLATE 4., High Voltage Paper Electrophoresis of CT Peptide
at pH 6.5 (4A) and pH 2.1 (4B)
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cT ITIT

RCH Ci1s (14 mg) was digested with chymotryvsin
and applied to the anhydrotryvsin column as for
CT I and II. The 5 mM HCl-eluted peak was freeze dried
and used directly for amino acid sequence determination
until all the material was consumed to give the follow-
ing amino acid sequence: Clx-Glx-Lys-Glx-Val-Pro-Glx-Gly.
Although the peptide CT III contained some slight
impurities, as evidenced by more than one dansyl-amino
acid after most cycles, the major DNS-amino acid from
the Cis peptide was easily identifiable by the intensity
of UV absorbance. E-DNS Lys was consistently identified
after each Edman cycle. Proline was positioned where a
sharp reduction in intensity of UV absorbance occurred
as a result of the 16 hour acid digestion of the dansyl-
ated peptide. (Gray 1967). Before and after this residue
the DiS-amino acid derivatives were easily identified.
Excellent agreement was found for the amino acid
sequences determined for CT II and CT III. Vhen .the
residues of the amino acid seqguence of CT III are
subtracted from the amino zcid composition of CT II the
following residues are unplaced: Asp, Thr, Ser, Glx,
Glx, Ala, Leu, Lys, Arg and possibly a further Arg.

CT IV

RCM-C1s a chain (10 mg) was isolated by DZAZ-
Sephadex A50 before being thoroughly desalted by dialysis,
freeze drying and Sephadex G25 gel filtration. The
freeze dried protein was then digested by chymotrypsin
and a peptide having an N-terminal Glx residue was
isolated by affinity chromatography as before. Aporox-
imately 10 nmoles of peptide was digested separately
using thermolysin, SV 8 protease, and trypsin at enzyme
to substrate ratios of 2.5%, 30% and 2.5% "/w respect-
ively. After freeze drying a one-half aliquot of each-
digest was subjected to electrophoresis at pH 2.1 and
pH 6.5 to determine the extent, if any, of cleavagze of



the chymotryptic peptide into smaller fragments. Table
8.

Controls using undigested CT IV and each protease
alone were also tested. The protease blanks resulted
in no ninhydrin-staining spots while the chymotryntic
peptide blank produced 2 single neutral spot after
pH 6.5 electrophoresis. A mobility with respect to
DNS Arg of 1.025 was produced on pH 2.1 elecirophoresis
however two very lightly staining spots having mobility
1.356 (colour purple) and 0.763 (colour orange) were
present in all pH 2.1 electiropherograms involving the
chynotryptic peptide. These contaminants, possibly
free Arg or Lys and glycine respectively, were very
difficult to accurately locate due to their 1lizht
staining. The chymotr  ptic peptide obtained from RCM-
C1s a chain possessed the same N-terminal Glx residue
as the peptide isolated “rom RCH-C1s. Both peptides
were neutral at pH 6.5 and had an electrophoretic
mobility of approximately 1.C with respect to DNS-Arg
at pH 2.1. The presence of other chymotryotic peptides
from the Cis b chain should have no effect on peptide
isolation if the Arg-ending peptide is specifically
bound.

Trypsin and possibly also thermolysin avpeared to
cleave the chymotryptic peptide while SV 8 protease had
no effect on CT IV mobility. Thermolytic cleavage of
CT IV was very slight only as the majority of the
veptide remained intact. This may have bsen due to
using a possibly inactive or partially active thermolysin
preparation. Thermolysin cleaves on the N-terminal
side of Ile, Leu, Val, Phe, Ala, or Tyr however
specificity is not restricted to these residues alone
(Hdeinrikson, 1977). The presence of proline in the Pp'
position prevents thermolytic cleavage and so should
prevent cleavage of CT IV at valine if the sixth residue
is in fact a proline. If Leu is present in the chymo-
tryptic peptide cleavage would be expected to occur.

The failure of SV 8 protease to cleave CT IV is



Table 8. Cleavage of the Chymotryptic Pentide by

Proteases

Protease pH 6.5 Tlectroohoresis | nH 2.1 Wlectronhoresis

EM Staining Colour| EM Staining | Colour
Intensity Intensity

Thermolysin| 0.0 54+ o} 1,041 5+ D
-0.267 + jo. 1.195 3+ P
+0.504 + D

Tryonsin | 0.0 34 r 0.948 5+ 0
=-0447 3+ Jej 1.094 2+
+0.485 2+ o) 1.190 2+ n

3v8

Protease 0.0 5+ D 1.040 3+ D

CT IV |

alone 0.0 5+ D 1.025 5+ jo)

The chymotryptic pentide wns digested by various proteases
and the extent of cleavage was determined by electronhoresis
of the digest. Staining intensity is based on a scale +
(lightly staining) to 5+ (heavily staining). Colour of
staining: p repr-sents purnle/violet staining s»ot,

r represents red staining soot.
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surprising considering the l-rge number of possible
glutamic acid residues present. Tryvsin cleavad the
chymotryptic veptide into what appears to be three
fragments. On pH 6.5 electrophoresis these pentides
separated into one or more neutral peptides (Tn) nlus
one basic (Tb) and one acidic peptide (Ta); a situation
that can only arise from fragmentstion of a2 neutrnl
peptide such as the chymotryptic peptide isolated from
RCM C1s a chain. Zlectrophoresis at »H 2.1 of these
peptides produced three snots indicating that only =
single peptide which was neutral at nH 6.5 (Tn) was
produced.

Tryptic veptides, Ta having pH 6.5 electronhoretic
mobility of -0.447 and Tb +0.485 correspond to molecular
weights of 440 daltons (charze -1) or 107C d-ltons
(charge =2) for Ta and ;90 d~1ltons (charge +1) or 1120
1altons (charge +2) for peptide Tb. The molecilar
weight of the neutral tryptic peptide, Tn cannot of
course be determined =% pH 6.5. The net charge of all
tryptic peptides at pH 2.1 should be +2 assuming that
the C-terminal residue of the intact chymotryptic
peptide is arginine. Peptide molecular weight
determinations from pH 2.1 electrovhoretic mobilities
of 0.9458, 1.094, and 1.190, (all charge +2),
correspond to molecular weights of 500, LOO =2nd 300
daltons respectively. Offord noints out that more
caution is required when estimnting molegular weights
using Offord Plots than when estimating net charge.
(offord, 1977). Single measurements, especially of
peptides having charge +4 or greater, are therefore
intended as approximate only. The absence of histidine
and cysteine in the chymotryntic peptide redices the
possibility of peptide mobility devmarting from ideal
behaviour because of partinl charges (Offord, 1977).

The amino acid comvposition of these tryotic neptidez

v o

can be partially deduced from their mobilities at nH5.5

assuming a charge of +2 for each pveptide at pH 2.1. Tn
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will contain one basic residue plus one acidic residue;
To will contain one basic residue only and no acidic
residues while Ta will contain one basic residue plus
either two acidic residues to give net cﬁarge -1 at

pH 6.5 or three acidic residues to give a net charge
-2

cr v

RCM C1s a chain (14 mg) was again isolated by
DEAE-Sephadex A-50 and thoroughly desalted before
digestion by chymotrypsin and isolation of a chymotryotic
peptide possessing an N-terminal Glx residue. The
peptide was then digested by trypsin (2.57% W/w) and
after freeze drying and dissolving in 0.05M pyridine
acetate, pH 5.0, containing 0.02M calcium chloride was
reapplied to the equilibrated anhydrotryosin column.
The column elution »profile is shown in Figure 20 after
first freeze drying column fractions and subjecting a
suitable aliguot to pH 6.5 electrovhoresis. The
column-bound material eluted in fractions 22 and 23
contained two ninhydrin-positive spots: a light-
staining neutral ventide(s) and a major veptide having
Em-0.429. This agreses well with the mobility of Ta
produced by tryptic cleavage of CT IV (Em -0.447).
Fractions 22 and 23 were pooled, lyophilised and
subjected to Dansyl-EZdman amino acid sequencing. The
sequence determined was Glx-Glx-Asx or Gly-Arg. Two
further Tdman cycles produced no further DiS-amino acids.
As only a single Glycine is thought to be present in
the intact chymotryptic peptide the Asx residue is
favoured to be the actual third residue of the
anhydrotryosin-bound peptide. The neutral retained
peptide also present in fractions 22 and 23 (Figure 20)
is thought to be undigested chymotryptic veptide CT V
which would be expected to be also bound by anhydro-
tryosin. Three ninhydrin-staining péptides apopear to
have passed unbound through the anhydrotrypsin column;
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FIGURE 20 Elution Profile of the Tryptic Digest of CTy Reapplied to Anhydrotrypsin- Sepharose

An aliquot (one-tenth) of each fraction was subjected to pH 6.5 electrophoresis. The
tryptic digest of CT V was applied to the Anhydrotrypsin column at Fraction 1. Staining

intensity is shown on an increasing scale from +1 to +5,
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of these a neutral peptide(s) (Tn) and a tasic
peptide (Tb) having Em +0.485 had been identified
on tryptic digestion of CT IV. The Em obtained in
this case was +0.548. The other lighter-staining
peptide had mobility +0.885.

7he
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3.7 Conclusion

From the results obtained from five chymotryontic
digestions of RCM C1s or RCY Cils a chain a partial primary
structure of the chymotryotic pepvide bound by anhydrotrypsin
is proposed. Figure 21. The neutral chymotryotic peptide
specifically bound by anhydrotrypsin was cleaved into 3
fragments Ta, Tb and Tn by tryosin. (Table 9). The
alignment of tryptic peptides Ta, Tb and Tn in their
correct order in the anhydrotrypsin-bound chymotryptic
peptide amino acid sequence was made possible fron
electronhoretic mobilities and sequence determinstion of
these peptides and the intact chymotryntic peptide.

Overlaps in amino acid seqguences obtained from CT II and

CT III as well as a knowledge of the amino acid composition
of the chymotryptic veptide enabled the T1 and T2 structures
to be elucidated. The Lysine residue preceding T3 is
positioned Xnowing the specificity of trypsin and the
identification of only three tryoptic peptides. T3 would

be expected to bind to anhydrotryosin as it is this Arg-
ending vortion of the chymotryptic C-terminal peptide of
C1s a chain which is responsible for anhydrotrypsin binding.
Merely making the peptide shorter by nroteolytic digestion
should have no effect on anhydrotrypsin binding by this Arg-
ending portion. T3 is an acidic peptide of mobility =-0.429
to -0.447 and from the sequence data has a molecular weight
of 546 daltons. Assigning a charge of -1 at pH 6.5 this
mobility corresponds to a molecular weight of 530 daltons
(by Offord plot: Offord, 1977) in excellent agreement.
This requires that only two of the Glx-Glx-Asx residues are
acidic amino acids while one is an amide. T3 therefore
corresponds to Ta the acidic tryptic peptide while T1 and
T2 correspond to the neutral and basic peptides Tn and Tb.
Both peptides contain 2 Glx residues and T1 contains 1 Lys
residue while T2 should also terminate in a Lys residue,
being the product of a tryptic digestion. As T1 can only
contain one basic residue (see CT IV) the peptide Tb of

Em +0.485 to +0.548 at pH 6.5 must have a charge of +1 and
therefore molecular weight of 490 daltons (See CT IV).
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"'GLN-GLN-LYS=GLX-VAL-PRO-GLX-GLY- [ THR, SER, ALA, (LEU)I-LYS-"
. 13 "
"GLX-GLX-ASX-ARG

FIGURE 21 The Partal Primary Structure of the C- terminal
Chymotryptic Peptide Bound by Anhydrotrypsin

[ ] indicate amino acids present in the amino acid
composition of the chymotryptic peptide but not encountered
in the amino acid sequence analysis.

( ) indicate amino acids whose presence in the amino acid

composition of the chymotryptic peptide is uncertain,



Table 9. Alignment of Tryptic Fragments Ta, Tb
and Tn in the CT Peptide

Imy, DH 6.5 Charge Acidic Sequence
pH 6.5 Residues
To |+0.485 to +0.548 +1 0 G1ln-31n-Lys T4
Ta |=-0.429 to =-0.447 -1 2 Glx-Glx-Asx-Arg |T3

Tn |0.0 0 1 Glx-Val-Pro=-GC1x-

Gly-[Thr,zer, T2
Ala,(Teu)] -Lys

The sequence of each tryptic fragment was deduced
from its mobility at oH 6.5 (and pH 2.1) as well as the
anino acid sequences of the intact chymotryntic neptide
and T3 which were determined.
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Fd

Clearly this peptide must be T1 having the amino acid
seguence: Gln-Gln-Lys (molecular weight 410 daltons).

T2 must therefore be the large neutral neptide, Tn and
should contain 1 Lys and 1 Glu residue with the remezining
Glx residues being present as zlutamines.

The various peptide moleculzsr weights and charges st
pH 6.5 do not correlate well with the mobilities of tryptic
peptides st pH 2.1. Molecular weights of the three
peptides obtained (assuming a net charge at pH 2.1 of +2)
were 300, 40O and 500 daltons. The smaller Ta and Tb
veptides can be accounted for however identifiication of the
larger neutfal peptide is not possible.

It is interesting to note that the same chymotryptic
peptide was isolated by affinity chrématography whether
RCM C%1s or the RCY a chain was the substrate indicating that
in both chains only a single C-terminal arginine residue 1is

present.

The presence of an Arginine residue at the C-terminus
of the C1s a chain as determined by C-terminal veptide
sequencing was verified by the very rapid release of arginine
from RCM Cis by carboxypeptidase B.

Although peptide maoping of RCM Cis a chain was
unsuccessful, in part due to the low numbers of peptides
identified, it is interesting in retrospect that the
additional tryptic peptide isolated had an electrophoretic
mobility of -0.500 at pH 6.5; similar to the mobility
of" M5,

A peptide very similar in amino acid composition to T3
has been isolated by J.C. McIntésh. Human RCY C1s a chain
was isolated by the same methods as used in these studies
and a chymotryptic peptide, havirg a Glx N-terminal residue
was isolated by affinity chromatozravhy on the anhydrotrynsin-
Sepharose column used in this project. The chymotryvptic
peptide was further fragmented by trypsin and the digestion
mixture was subjected to pH 6.5 high voltage paper electro-
phoresis and an acidic peptide was isolated by elution from
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the paper. A sample of this peptide was subjected to
acid hydrolysis and applied to an amino acid analyser
capable of determining accurately 5 nmoles of amino acids.
Preliminary results suggest an amino acid composition '
almost identical to that determined by sequence analysis
of T3. Two Glx, and one each of Asx, Ser and Arg were
thought to he present but what were postulated to be
background levels of Gly, Ala, Leu and Val were also
found. (Personal Communication).

Further investigation into the primary structure of
this C-tzrminal derived peptide will be reguired, especially
as regsrds to amide assignment, before an ideal Cir model
veptide substrate, mimicking the Cis structure at the
scissile Arg-Ile bond can be synthesized.
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