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.- ABSTRACT

il . " [
enzymesw

/

Serine proteases are aggroup of‘proteolytic
. A -

'widely distrib.ted in nature and all inhibited’

by the organophosph ous'compound DFP. Historically,

«

tmﬁg were flrst ;ecognized among the vertebrate dlgestlve

engymes .originating in the pancreas,
recently been found free rn‘the-blood,

_the intestinal mucosa and throug

and mlcroblal worlds.

W

but have more

:as products of w;}

hout the invertebrate 3

< The past decade has w1tnessed c0n51derable

research into the structure and mechanlsm of cataly51s

7

of both eucaryotlc and procarvotlc serine proteases
s

One such protease obtalned from the labter group has

been 1solated ln an active form from Pronase an extra~

«

. cellular fIltrate of the organlsm Streptomyces grlseus .

‘Pronase contalns both exo- and endopeptldases along w1th

materlal lacking, proteolytlc act1v1ty

Streptomyces'

griseus trypsin (SGT) is an‘endopeptldase.which has been

1solated from Pronase by fractlonatlon on CM-=-Sephadex

followed by SE Sephadex, using a linear gradlent of

pyridine—acetlcfac1d buffer,

-exchange systems

pH . 5 0 Wlth both ion

SGT prepared in the above- manner, has been

shown to be remarkably srmllar ‘to bOV1ne tryp51n by both

physrco chemlcal and structural crlterla. For example,

R

stablllty studles 1nd1cated that SGT

iv

'

llke bov1ne trypsin,



‘grhave 51mllarly shown that SGT has a K: m (

was more sﬁable'in,the presence' of calcium ion than~;n '

.

its.absencevf Kinetic experiments,'using RAEE as substraté,

s app)
that 1s not unlike tryp51n (10 ™M) . SGT is also

§8tX-10_6M)

inhrbited‘bleLCK and DFP—Dboth known fhhibitorsgof
trypsin activi iy, ‘TLCK was demonstrateafto specifically
alkylate the actlve 51te histidine- 57 in SGT——agaln |
anaLogous wgth trypgin. Furthermore, the bacterlal
enzyme has been fonhd_to exhibit a marked‘kinetlc isotope

effect. 'Using the substrate-BAEEndissolved in deuteriumff‘\\

‘oxide/ the reactlon rate was okserved to be 1/3 that
observed Ln water Thls flndlng has been 1nterpreted

. by otheiHWQrkers to 1nd1cate1the presence of a rate
. -,..(

llmltlng%proton transfer in the catalytic mechanlsm of

serlle proteases * SGT also eXhlbltS a narrow 'tryp31n—

llyc}*spec1f1c1ty for hy%;olysrs of the insulin B chaln
o

‘the polypeptlde at lysine arid argirine re51dues : ?

eluc1da,1uh of the role of the NHZ—termlnal a amlno
group 1n SCT gave ‘no 1ndlcatlon that the enzyme requlred

a charged \\amlno group for: act1v1ty Furthermpre no . .

conformatlonaf changes were exhlblted on titration in the

>

alkaline pH range, as estlmated by ORD and CD studles

This- is in/tontrast with other serine proteases which

.'a’

b appear to requlre such a charged group, but 'in agreement

 with results obtained for a-lytic prq$ease of Myxobacter

-
RS

e



495, which does'not} ' ‘”. o / .

. The moleCu%ar weight ofvSGT vas estimated by
ultracentrlfugatlon studies and corroborated by sequence
Bnalysis, was found to be 22 900. The molecular welght
of bovine tryp81n is 24,000. . 4 | |

. The complete prlmary sequence of SGT has been
eluc1dated and a speculatlve ribbon diagram of the

molecule constructed, u81ng the chymotfyp51n backbone

as a-reference structure in no case did a hydrophlllc

group in the SGT sequence replace an 1nternal hydrophoblc

residué/of chymptrypsin The,degree of homology between,

-l
<::e buried re51duee of chymotryp51n aad correspondlng

31dues in SGT was remarkably high. Using this structure

and the known sequence of SGT, a comparison of the-
sallent features of the reported structure of bov1ne
tryp51n was also made "he data complled are v1rtually
unanlmous in thelr indication of ‘the hlgh degree of
j‘s1mllar1ty between SGT and bov1ne tryp51n ’strongly
suggestlng that both enzymes evolved from a common ZJ

~ancestral protein. : : o
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CHAPTER I
INTRODUCT TON

Proteolytic enzymes are found in both eukaryotic

and prokaryotlc organysms and are responsible for the

hydrolysis of peptide bonds durlng the degradatlon of

proteins and. peptldes J}A c1a551f1catlon of such a

ubiqu1

tous group of enzymes can be made by flrst examining

those which are present in vertebrates, followed by those

present in .plants and 1astly those found in mlcroblal

organl

s

Sms. ¢

Proteases from any of the above classes of organisms

can be further subdivided into two groups, those which

whlch hydrolyze lnternal peptlde bonds, termed endopeptrdases.

'hydrolyze only “he NHzeterminal or COOH—terminal residues

in a polypeptide‘chain,'termed exopeptidases, and those

However~,a more useful cla551f1catlon scheme "for)discussion

of the

enzyme

of the

the we

It is

,dlscus

) The pancréattt—proteases have probably been

a

vertebrate proteases would be one: based on those

s assoc1ated with the dlgestlve processes and one

based on those enzymes external to this system. Examples

latter group would 1nclude the cathep51ns,'

_ kallikreins "and kininases, whlle the former would 1nclude

11- known pancreatlc and gastr01ntest1nal enzymes
this latter group of enzymes whlch I would llke to*

s lnltlally

ore than any other 51ngle group of ° enzymes This is.

r{‘



@

partly because they were readily avallable in a
concentrated package which fac111tated purification,

and partly because of the 1nterest 1nvestlgators had

in utilizing them for their 1nherent catalytlc properties.
As stated previously, proteOlytic enzymes can be lelded
into 'exo'»and‘endopeptrdases. ‘This is also true of
enzymes lﬁ“the pancreas. ln~thisiorgan,'inactive

precursor molecules called zymogens are synthesized

‘and stored in intracellular organelles., The pancreatic

vexopeptldases are represented by the zymogens pro—

carboxypeptidase A and~procarboxypeptida3e'B. Both
arboxypeptldases are’ 21nc contalnlng proteolytic

enzymes v ‘ch remove the COOH termlnal amlno acid from

peptide.chains The A enzyme nrefers aromatlc and ‘long

chain - allphatlc re81dues while the B enzyme hydrolyzes

lysine and arginine most rapldly (1) . The pancreatlc

vendopeptidases are represented by trypsinogen,.chymo—nb

trypsinogens A and B as well as proelastase from pig
pancreas (2) Acti ation of these inactive precursors
is usually catalyzed by tryp51n Trypsinogen however,

is actlvated by both tryp51m and enterokinase . (l)

l

‘Chymotryps1n‘A and B have almost 1dent1cal enzymatlc

specificities, while, on the other hand there are large'

differenCeeiin the spec1f1c1t1es of the chymotryp51ns,

tryp51n and elastase (l) ~ These and other functlonal

¢
aspects relevant to this group of proteases w111 ‘be

dlscussed in depth at a later t1me It is- 1mportant

R &

\



however, to indicat

'a reactive serine-195 (a-

‘hydrolys15 of ester substraies (3) Hydroly51s of

~ peptidases. — ' © ' o ’ ." \

[

. : '3 o
. L

v

at these enzymes belong to a class

- of proteases termed serine proteases; sgnce in. each enzyme

Ay

o

psin numbering system)

reacts with organophosphorou'

‘ T
dl1sopropylfluorophosphate (DFP), inhibiting the enzyme (1) .

o

~The same serlne re81due is acylated as a step in the o

substrates by all pancreatic serlne proteases and most
serine proteases iQ‘general,_is optimally carrled out
at alkallne pH values -

Stlll other proteolytlc enzymes are products of
the gastrointest*nal tract and can be easriy dlstlngulshed

on thls ba31s from the enzymes produced in the pancreas

“This group of enzymes can. be d1v1ded into those which

orlglnate 1n the  stomach and those whlch are elaborated .

. in the mucosa of the 1ntest1nez The latter enzymes are

typlfled by 1euélne amlnopeptldase and enterokinase.

Leu01ne amlnopeptldase is the cla551cal NHz—termlnal

exopeptldase,,flrst observed in sw1ne 1ntest1nal mucosa_

extracts, by Llnderstrom—Lang in 1929 (4) . Although it

'w111 remove many dlfferent NHz—termlnal re51dues, "leucine

a3
is removed very rapldly and thus the name leuc1ne amlno—

peptidase_ls retained to dlstlngulsh it from other amlno—

o«

)

Enterokinase, on the other ‘hand, 'is an intestinal‘

'"endopeptlda;g whlch has some very dlstlnctlve character—

) 1st1cs. ‘As © talned from swine duodenal extract, the

% . .
4 : =

......
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part1c1pate &ﬁgthe catalytic reactiorr. 'On the other

3elaborated hy Sﬁ%ﬂlflc cells in the stomach mucosa and

= M

enzyme has been shown to-be¢@%glycoprotein which‘catalyzes
- . y ) . L
the activation of trypsinogen much more efficiently than

-~

trypsin (5). Maroux et (1971) have also shown that

7the Km for enteroklnase using bovine trypsinogen as’ a

substrate, is 31x times lower than the K for trypsrn (5)

The former 1nvest1gators=also demonstrated thatlthe rate

|

constant for the rate «-tzrmining step (ke t) w?s 2000

‘tlmes greater for: gnteroklnase than for tryp51n

Apparently,ienteroklnase is 51m11ar to tryp51n 1n that

it is 1nh1b1ted by both DFP and N tosyl -L- lys1ne chloro—

methyl ketOne (TLCK) suggestlng that llke the serine

s
M

,proteases ran actlve serine and a histidine re51due

“{%
hand these authors clalm that in contrast with tryps1n,
”_the sequence after the NHz—termlnal vallne —Asp—Asp—Asp- - !

1 Asp—Lys—, appeags to be essentlal for the 1nteractlon of
'enterokinase w1th peptlde.or proteln substrates resultrng

vln the', hlgh degree of - spec1f1c1ty exhlblted by thiis enzyme

For example//xt 1s known that chymotryps1nogen A/lS not

activated and the geptlde Val—Ala—Ala Lys Ile-Val Gly is.

not hydrolyzed (5) . Enteroklnase cleaves exclu31ve1y.the/

bond between re51dues 6 and 7. ( Lys Ile ) 1n tryps1nogen

The other gastr01ntest1nal enzymes to be recog~

~

nized arefthQSe found 1n the stomach Fhey aré active at

*‘-5) and are therefore, termed?collectively,
& wE : . o
.‘mThese enzymes also termed'pe@sins, are -

r" sk

Pt i

o
N . J' N . - N . .
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;\amlnopeptldase, whlle cathep51ns B, D, and @ appear io have

. : N - i ‘ : . . | ) . . . /
¢ may be a group of very similar proteases, which have

apparent difﬁegencesvarising out of.Varying degrees of

N

proteolysis and phosphorYlation of‘the activated

zYmogen(s) (6). In additron tofthis’principal enzymic

component,. a pep 5in- 11ke enzyme named gastricin is yO -

present in" the stomach. However, it is not clear whetHer
or not this is a deserved aifferentiation; as certain
evidence-tendS'to indicatelthat a human pepsin 'I' may

oe 1dent1cal w1th gastr1c1n (6) This group- of proteases

is 1nh1b1ted by a-diazo- p bromoacetophenone where 1 mble

v

of 1nh1b1tor is bound per mole of enzyme (7).

i

The precedlng materlal has dealt w1th those verte—

brate ‘proteases assoc1ated w1th the—gastr01ntest1nal tract

Eagller,‘ano i

ﬁto; and it is thls group whlch I w1sh to quCkly review

\.

t thls tlme Thrf class of enzymes can be divided 1nto“:w

MY

the cathepsins, kalllkrelns and kininases. .The cathepsins

wtomnn

represent as complex group of lysosomal enzymes ﬁh&<h are

derlved from a varlety of an1ma1 tlssue extracts (8)

9

‘Whhle there lS stlll much unknoWn about the cathep31ns,

o
it is known' that.as a group, they contaln-both endo

L

-*and exOpeptidases Cathep51ns A and C are exopeptldases

the former belng a carboxypeptldase and the latter an

vfendopeptldase act1v1ty (9) All of. the cathep51ns have

P

4been 1solated’from the spleen, although somef such as the

-

pl
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® o ﬂwa
sulphydryl enzyme cathep51n B, are found in many tissues (9).
The kallikreins "are the second group of proteases
whose actdion is exclu51ve of the d‘gestr e --oceéss. They
are present in actlvatable forms in the vascular system ¢
and throughout the glandular ‘organs of the body (9). Most{
kallikreins show,little activity towards case}n, ‘but |
hydrolyze‘the ethyl and methylvesters of benzoyl—L—arginlne
and the methyl ester of tosyl L -arginine (9). When
"actlvated by elther Hageman s factor or plasmln, the
_plasma kalllkrelns 1ncrease the. perlpheral concentratlon
‘of hypoten51ve vasoactlve klnlns, from a-2- globullns by
a proteolytic mechanism (9;10), Kalllkreln(s) are
. inhibited by_DFP and soybean'trypsin‘inhibitor,‘indicatlng
that they may be related to'the serine protEases—A-wlth.'

spec1f1c reference to - tryp51n (lO)

v]

The products of kalllkreln proteoly81s are active

.1n nanogram quantltles and so 1t 1s not surprlslng that
~stvll another group of plasma and tlssue enzymes destroy .
peptldes by a carboxypeptldase activity (9) , These',
rkininases.are present‘in‘Whitescells, spleen, lung and |
free in the plasma. The lung appears to be the main foi

source of klnln lnactlvatlon (9).

N

. As 1nd1cated 1n1t1ally, certain'plant proteases e
-have also been examlned 1n great’detall Examples of
‘bothxsulphydryl and serlne proteases can be clearly

- demonstrated The former group is typlfled by papain - _

L wh ch is’ 1solated from papaya latex and requlres a free .

o . . . . .ot
D | | G o
S . : o - .

Ve -
:




sulphydryl for activity ?ll).' Other sulphydryl Broteasés
of pian@\origin are chxmbpapain, alsé isolated frém .9
papayé latex, ficin from fig treeé and sﬁem‘bromelain
from pineappie (1) . 'There.may élso be some reiationsﬁip
between certain sulphydryl ééthepSins iﬁvanimal tissues
with these plant enzymes, as all of these proteases
require an activator such'aé cyanide, cysteine, or

/7

glutathione in érder to release the blocked thiol gfopp 
required for activity (1}) -

Examples df,DFP—senSitive proteéses isélated\from
plants, include two seriﬁeiproteases extracted from French
beans. Caseinase'and_phasgolin have thé.fqllowing
sequenéesiarbund the reaétiVe serine residde: —Thr—Serf
Mét—Aia— for casginase and —Gld—Ser—Val— for phaseolin.

' These seguences. are simiiar to the active site sequences
found in the subtilisins,_w;tﬁ respect to éaseiﬁg;e,‘ahd

Baker's yéast; with respect to phaseolin (12).

As indicated in the introduction to this section,

‘serine proteases have been isolated from microbial sources’

"as well as vertcbrdtp-aﬁd plant sources. Indeed, together .

with the sulphydr}
acid prOteases[ tbe' icrobial world is a rich source of

proteolytig- enzymes. DFPesensitive\endopeptidaées alone,

- o

have Deen isolated from Bacillus, Arthrobacter, Strepto-

‘myces, Aspergillus, Penicillium, Bacteroides, Sorangium,

ALternaria[vand'Saccharﬁmyces organisms (13). It is .

proteases,*the.metallo—proteases, and
o . = ) .

4@
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important at this time;‘to indicate that t@egsubtilisins,b

\rNObtained from sevefal Bacillus species, have been shown

7 to have a reactive seriné‘inhiLitéd b;'bFP and give every
indication of having a catalytic mechanism very similafl
to £he Asp—Ser—Gly serine proteases:(l4).' The subtilisins”
haVLvan:active seriﬁe>sequence of Thr—Ser;Met».lavand it
is known- that a histidine residue participatesiin the
catalytié mechanism—aga n. like”tH% Asp-Ser-Gly serine
procteases (14). However, the subtili;inélappear to have
ﬂolsimilarity ;n amino écid seqguen:: with.the.ASp—Ser—Gly
group_bf proteases and appear to have evolyed‘iﬁdependentlf
in a convergent féshion, to finaliy shafé a similar |

;;:glated most

1

notably from Streptococcus and Clostridium species, while "

mechanism of action.

Sulphydryl proteases have been

ﬁ?acid proteases similar'to>pepsin appear to be mgj; notably
roteases

- found amongst the molds. The latter group of p
are not inhibited by DFP, thiol poisons or metal

S . o
chelators (13). The metallo-endopeptidases as a group,
, , e : .

~have been isolated from Bacillus, Streptomyces, Aspergillus,

s

t'Pseddoménas; Proteds['Micrococcus.ahd many other miéiobial
genera. All.appear to sha;e.a commonAspééificity‘
demc strated by-hydrolysig on the NH,-terminal side of
‘ Uresidues wiﬁh.hydrophobic side chains. :Inﬂaddition,_all'
"appeai to be inuibited by metaljcﬁelators thlé beingb

_insensitiVe to éither DFP or thiol reagents (13).
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Thermolysin from Bacillus thermoproteolyticus is a notable

example of thifs c Hup whose;primary sequence has been

f
‘recentlyﬁgsceytainéd by Titani et a _l_(l972) (15) .

Since/the enzyme examined in this dissertation,

Streptomyces griseus trypsin (SGT) has been found to

be an Asp-Ser- Gly serine protease 1nh1b1ted by DFP a

more thorough discussion of this class of proteases is

required (16). The source of this enzyme is Streptomyces -~
griseus‘pronase, a;sgmmercial*extracellular filtrate,
composed of a complex mixture xg;‘exo'vand emdopeptidases‘

together with material. l;>k1ng oteolytic activity (17).

Although the\carboxypeptldase and amlnopeptldaie act1v1t1e5”
have not”been studied in detail (18,19,20), three of the -
endopeptidases have been shown_to&be Asp-Ser—Gly-serine
proteases (16 21) . o .

‘Various methods of separatlon have'been employed
ln an attempt to purlfy the pr1nc1pals of pronase, but
due to 1ts apparent complex1ty none have been, nor probably

I

will be, entlrely successful The CM—Sephadex system

\deV1sed by thls laboratory seems to resolve the largest

Y

varlety of constltuents in the most eff1c1ent manner to

date (20). The development of this preparatLve column

“~
procedure utlllzlng a vq}atlle pyrldlnlum acetate buffer

system, will be dlscussed in this dlssertatlon One of

the products of thls system, and the enzyme the system

'was prlmarlly designed to resolve, . is Streptomyces grlseus

N

.
o>

e e -
N . . -y

R G . : o
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TABLE I ,
¥ o | r
SEQUENCES+ AROUND REACTIVE :SERINE RI 51 JES
bt : \
Source Sequence

Y

Various Mammalian Enzymes

-Sorangium Sp.

Streptomyces griseus:
Subtilisihs
s ,

Caseinase (French bean)

e
e

Aspergillus

‘Baker's yeast

‘Phaseolin»(Fréhch'beanl‘\\
. ELWIN
) o

Asp-Ser-Gly
Asp;Ser~Gly
a'Asp—Ser—Gly'
Thr-Ser-Met;Alé
Thr—SerfMét—Ala_
Thr-Ser-Met-Ala
‘Glu—Ser—Val

Glu-Ser-val
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trypsin, whichxih the following pagés};will be shown to

have kinetic ang physical properties not unlike bovine

trypsin and other Asp-Ser-Gly proteases. “ ~ ;

. As a group, the_serine proteases give every
indication of being similér in their basic catalytic
mechaniSm.' This is true in spite of sligﬁt differeﬁces
observed in those areas of the;primary sequence:about,the
active éerine7 " Table I indicates some-of these differénces

)

as represented by Markland and Smith (1971) (12). Table

II shows a collection -of sequences from various enzymes

belonging to the Asp-Ser-Gly group of proteases and V4

asséciated with the region around the active serine

195 (22). Some of the SGTvseQuence has been extended . -

_beYbnd that published in the cited reference. Sequences  _

~abaut other active site residues, to be presented later,

v -1

have béen similarly extended. (All sequence numberin§'
is tbat of bovine a~-chymotrypsin) . | L “

As indiééted'e;rlier, the active site serine in.
the serine proteaseé is‘tfaﬁsiently acylated'by‘#hé‘
carbonyl_moiéty of the'éeptidenbond being cleaéed (23?24).‘
The kinetic mechanism for the'seriﬁe prbteases has been ",
intensively studied and the basic kinetic scheme{primarilé_v
derived from expefiments with a—cﬁYmotrypsin, is as shownr‘~

below (23,25,26,27,28).

. N N , o . ‘
- E + 8 L ES' 3&2‘ ES" 3~ & + P,
- Ckor S |

Rt
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step (k ) is dependent on only one ‘group w1th a pk f”“;'

7 (30). .This latter group has been found to be one ofg

In this scheme, ES is the enzyme-substrate compLex, ES'ipE

[
v i

the-acyl—enzyme intermediate, Pl the Jeav1ng group of

‘the substrate or product number one,. and, P the carboxyllt k}j ",;f

&
acid (27). The acylation step (k iz a hucleophlllcm

5

reaction dependent on two groups one w1th a pk of 7

and the other with a pk of 9 or LO while the%deacyL@tlon

‘D
et
o

tion studies which w111 be elaborated upon later (31)
) S _'f'— ’

In a similar manner, the active Serine-195, acylated in

the reaction mechanism shown above, was found to %e

»specificallyjphosphorylated~by DFP (1).. This reaction

irreversibly inactivates all serine proteases.

The rate constant parameters for the reaction

- mechanism #reviously described, vary depending upon

wheEEFr an ester or an amide is used as a substrate (25).

2

limiting and P, is an amine; ho&éverh when S is an ester,
El 1

When S is an amide, k. of the acylation step is rate

as ie most.often the case in this thesis, k3-or'the
deachation step ie rate limiting and P, is-an alcohol.
Figure 1 ie a:senemetic-representation'of the possible
charge telay mechanism of formation (é), end hYdroleis.(b)[
of the acyléenzyme in the Catalysie by a generalized

serine protease as propoSed by Polgar and Bender (1969)

(32) . The mechanism in Figure 1diqcorporate5‘features

-
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TABLE IITI

_ A?PAREQ{\MICHAELIS CONSTANTS FOR VARIOUS TRYPSINS AND

N\

TRYPSIN-LIKE ENZYMES

_’Enzymé - o Substfate* v Reference
BAEE - TAME YBAA e
.  Km(mM)  SKm(mM)  Km(mM) ,
o sﬁregtomzceé . % 0.0015 — o 37,38
» » fradiae Trypsin o o
,Bov1ne Tryp51h/“ | 0.0Q043 0.0125 3.1 ‘ 39,40,41
§£ ”‘BoV1ne Thrggbln —  0.0016 ——“ 42 ;A,
‘Porc1ne Kal¥ &reln‘; S 0.006 — 43
o (§tem-3romelain Q 0.17 - —  0.0012 4a

Streptomyces . ‘ A o o
erythreus Trypsin . 0.0018 . —_— B ¥

LM

* BAEE (N<Benzoyl-L-Arginine Ethyl Ester).
TAME (N~Tosyl—L—Arginine Methyl Ester)

' BAA (N-Benzoyl-L-Argininamide) - ’ _ o

i~




quthose proposed by Wang. (1968) (335a'hd Bldw et él
(1969)'(24) and is completely4consistént'hithmthe geometry
of the residugé indicated,'as deduced by X—ray”diffraction
analysis of the crysfalline'd;chymotrypsin enzyme ° (24) .
It is also consistent with the geometry established from
the tertiéry structure determinations of pofcjne .
elastase (34) and'oniﬁertrypsin (35). The resulés

- of theSe'te:tiary structure determinafioﬁs will be
exéhined in'deptﬁ’at a laﬁer time,‘bqt théy are compatiblév
withbthe‘hypothesisvthat al1vAs§—Ser—Gly_séfine proteases

~ have thevéame‘bésic catalytic_méchanism.> .

‘In connéctidn with'physico—cheﬁical studies
undertaken in this thesis,. it is important to briefly o
‘indicate resuiﬁs obtained frqm‘other }aboratbrieé
investigéﬁ}nq serine proteaseS! befexample, a collection
of apparent Michaelis ¢onstants for various trypsins and
. 'trypsin-like' enzymes*is shown in Table IiI‘while Table
IV lists some molecular weights ana iséionié points -
determﬁn d‘fof three‘mammalian trypsin55; It h%f been
Shbﬁn thzk\the'isoidﬁié or isoeléctrié points of all

»tfypsins do not;féll within the alkaline pH range. For

4

o

example, rat, dogfish, and_lungfish trypsins are anionic,
at‘nﬁgtral pH, whereas bovine and porcine trypsins are .
cationic as indicated in Table v {36) . Thus the net

charde on trypsin molecules, does not appear to be

v

important for the specific function of these enzymes. ~;f%

PR

-
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TABLE IV

PHYSICAL PARAMETERS OF MAMMALIAN TRYPSINS

N
Enzyme . '~ Apparent ™ ‘ Isoionic Reference™
‘ ‘ Molecular . "~ Point o No.

T _ Weight . : .

; ) . ) .-
Bovine Trypsin "~ 24,000 - 10.1 © 48,49
Porcine TrYPSin ‘ 23,400 | : - 10.8 - - 50 ' ?
Human Trypsin 22,%00 . ¢ [ — : 51

‘Varlous spec1f101ty ang stablllty studles wrll
be dlscussed in the results to follow whlch attempt to
1nd1cate the similarity of SGT w1th bov1ne tryp51n/§nd ' o
other serine oroteases. .One such experlment 1nvdlved
‘the role. o<f'Ca2+ ion ln stab111z1ng the enzyme towards
autoly31s. It has 1ong been known that calc1um stablllzeé\j
trypsin from autolysis (45). Recently, Sipos aﬁd“ |
Merkel (1970) have prgPOSed from the development Bf a’
, posltlve_dlfferentlal ultraviolet spectrum in the prescence,

v

h_ofvcalcium ion and from optical'rotatory dispersion (ORD) -

‘studies that the function of Calcium:ion is to maintain
a:e;ecific compact conformatioh’of the molecu1.;(46)
This idea had prev1ously been expounded by Laz unski

and Delaage (1967) from spectrophotometrlc tltratlon
data (47). The proposal has also been corroborated 1n R

?rincipie by the X-ray dlffractlon work of Stroud

et al (1971) who 1ndr99te that the geometry of the o
: A < . , o ' '

m [
L
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trypsin molecule will allow calcium ions %o form ionic
llnkages between palrs of anlonlc groups within a

3pec1f1c loop or between a 1oop and the surface of the

molecule, tendlng to maké\a»more rlgld less acces31ble

Structure (3“) R e R i

The activation of zymogens is affected by~ ﬁhe"

I

-presence of calcium-ions and the‘discussion of zymogen

o -

activaticn,'%iﬁch.follows, necessarily must include this

phenomenonv(SZ); For example in thefprocess of

(¥§&ryps1nogen actlvatlon as much as 50% of the potentlal
u/»

&enzyme act1v1ty is lq;t as enzymatlcally 1nact1ve products,

fJ,ln the absence of- ca1c1um (53). The rate of selectlve.

'hydroly51s of the ﬁ;s 6- Ile 7 bond by trypsin is 1ncreased

!

2+

.by 20 mM ca<", wh;le on. the othe:rhand,,the amount of
nonspecific cleavage is,decreesiél(SB)f It is worth 5

recalling, at this time, that although it has;been shown -~

'by Marcux'et al (1971) that the four'adjacent asbartyl

re51dues have a negatlve effect on the actlvatlon of

‘yp51nogen by.tryps1n, theéectlvatlon of this zymogen

-

by enterokinéSe dependg upon this sequence (5). Abita -
' L . ‘ s : - v

‘&t al (1969) have indicated thaﬁ%g31CLumbion'méy mitigate
R . N o G - o .

this nedative -effect of the~c1uste§§of aséartic acids by
L S N -
binding“to the four aspartyl reSidués (54).

I
o Durlng the autocatalytlc actlvatlon of tryp51nog;;\L~

’1n alkallne medla a famlly of products is formed The

N

prlmary product 1is 5—tryps1. resulting from. the hydroly51s

fnofjthe previouslyimentioned bond between,lysine-G and




'tryp51nogen can be actlvated by 1ncubatlon w1th

-

isoleucine-7 releasing a hexapeptide (53). Various

investigators have shown that several other bonde;;;;\\\\wﬂ

be cleaved, resulting.in active enzymes. For example;\\;:§£j>

hydrolysis of B—trygsin at the Lys 131-Ser 132 bond ,

leads to<%¥trypsinb thle subsequent cleavage of the

Lys 176;Asp 177 bond yields~pseudotrypsin, another active. .

form of tryp51n (53).

Chymotryp51nogen is 51m11ar1y actlvated by
hydrolysis of the Arg;lS Ile 16 bond by tryp51n to form
the fully act1Ve —chymotryp51n (55) After t'hlsjf

tryptic activation, all subsequentoproducts result from

autodegradation of first ”r,—chymotryp51n, thenﬂé—chymOe‘

trypsin, finally produc1ng Y or a-chymotrypsin " No

ev1dence for a structural ‘or enzymatlc dlfference between

'the Y and a forms of the enzyme exists. An 1Ahct1ve" F

neo—ohymotrypsinogen formed by autodigestion of chymor

tryp51n

to also’ form a- chymotryp51n (55) It should be};entloned

at this time,‘that Oppenhelmer et al (1966) have glven

evidence to 1nd1cate that the 1soleuc1ne—16 NH2 termlnal_

a-amino group of chymotr sin 1s requlred to malntaln

< -«

the enzyme 1n an actlve conformatlon 156) Thls result

'Was orroborated by SlgIer et al (1968) when the X—ray

dj fractlon determlnapion of the tertlary structure of

ybov1ne a—chymotryp81n clearly showed -hat the free

c . ‘;u_
Q- amlno group of 1soleuc1ne-l6 formed ‘an 1nterna1 ion.

f

:-'palr w1th aspartlc ac1d 194 in’ tbe actlve 51te (57) .

&

——



Stroud EE.EL (197l)vnave also shown that.tne,gHZ—terminal
a-amino group of bovine trypsin forms a similar ion pair
witn aspartie acid-194 in‘this molecule (35). The
ﬁunction_of the Nﬁzeterminal d—amino group, is not clearly
defined in all the serine proteases however, and will"”
be rev1ewed in depth in the follow1ng dlscuss1on
As'mentioned earlier, a group of re51dues in the
serine proteases has been implicated in‘the‘catalytie
mechanism. They have_teen termedvthe active site residues
and include serine- 195, aspartlc acid-102, “histidine-57,
aspartic acid-194, and qulte p0551bly the NHz—termlnal
residue;L/Other reSLdues close to this active site form
the ‘'specificity pOcket‘vandgare‘required'by the enzyme

. . R
~to effect binding of specific substrates. I would like

¥

to discuss all these;important residues in order,
beqlnnlng with aspartlc acié-189 found in the spec1f1c1ty

51te of trypsinm and contlnulng on to discuss the active

2
" site residues.

4

Bovine trypsin'has been in the shadow of d-ChymO»
tryp51n for a-considerable length of time and only in
the last two yearszhas. there been X-ray data available

.

for thls molecule (35). Altbough the mechanism of aetj

of thls serlne protease appears ba51ca11y the” same as "%
Q- chymotrypsin 1ts substrate specificity is'- markedly
dlfferent (58) Unllke the latter enzyme, which pre;ers

X\
o hydrolyZe peptlde bonds on the COOH termlnal s;ﬂ; of

20



. residties, bovine trypsin is much more specific. Hydrolysis
‘ occurs only-at peptlde bonds on the COOH- termlnal side
-of arginine and lysine r sidues'(59). The source of

this spec1f1cy§y has béen asdociated with a chafged

aspartic acid reSLdue burled in the active 51te as

.inferred by experiments-conducted by Eyl and Inagami (1970)

(éO) and corroborated by‘Stroud'and cé—workera during
their X-ray agaiysis of :rystalline DFP inhibited bovine
trypsin (35).» No euéh_charged residueuexiéte in this
positicn_ih g—chYmotrypsin; iﬁstead it is repiaced by a

" serine residue (57). Scroud'gg al Yl97l)nhave stated,
that from model—building experiments Qith lysl or arginyl
amides, it is-evident that aspartic acid-189 is ideally |
'§1tuated to form a charge 1nteractlon with the substrate
side chaln at the back of the bind ing pocket (35) The

'

restralnt of . thlS charge 1nteractlon,\together w1th a

. hydrogen bond between_the ‘carbonyl of ser1ne—2l4 and a'
pfbton of the iast N-H group on the substrate, bring the
bond to be hydrolyzed~dlose to both themnucleophilicc
oxygen of-serine—l§5 and tﬁe histidine-57 imida;ole (35),
The giffraction studiee.also'iadicated differences. in

the architecture cf'the~specific bihding‘sites of trYpsin
} apd a—chymotrypsia/ wHichwWere alike, and elastase

which was differ nt. The latter proteaaeAhas bulky
'substltutlons 1n therreglon adjacent to the blndlng site

whith suppress blndlng of large\31de chains (35). This

is 1n,agreement W1th the,dlfference in substrate side o

s
—

21.



chain specificities observed with these enzymes. Further

~observations regarding still other residues associated

with the specificity site in crystalline DIP-trypsin
will be discussed wheﬁ the tertiary structure of bovine

trypsin is compared with a-chymotrypsin, later in this

'éhapter,

" Serine-195, or the .ctive sserine, waé the.first
résidué in the acti&e site to be distinguished as
fundamental to Ehe actiyity of the serine proteases. As
early as 1949, Jansen gi_glireactéd DFP with chymoﬁrypsin
to form the in ctive)diisopropylphoséhoryl—enzyme (61),
Subséduent'sequegée studies indicated that a'single serine
residie (Ser 195) was phoéphorylated (62) . Since that

-

time many other serine proteases have been identified

methyl sﬁlphonyllfluoride and several otﬁer‘reagénté have
: N t . '

"also been used to specifically inactivate ‘serine proteases

by modification of serine-1¢5 (64). Other evidence to

Le
.

suggest that this serine was involved in catalysis and
extraordinarily reactive, came from kinetic studies where

. ’ _A‘ ) 3 1
various acyl-enzyme intermediates were characterized.

.Both cinnémoylva—chymotrypsin and cinnémoy;—trypsin have

been prepared by Bender and co-workers by foliowing the

i

reactions .of N—trans—cinnamoylimidazole spectrOphotomet—l

»lricallyh T was found necessary to conduct the reacttion

Lo

. o ’ e | @
at pH 5.2, where spontaneous hydrolysis and deacylation

of the ac?l—intermediate-were minimized (65). ,éimiiarly,

22

and shgwn to be similarly sensitive to -DFP (63). Phenyl-
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deacylatlonvof the acyl- 1ntermed1ate formed on reaction

of chymotryps1n with p- nltrophenyl acetate was shown to

be’jate llmltlng, by demonstratlng that a burst of
.’p—nltrophenol prodpct equlvalent to the molar concentra~
“tion_of the enéyme ‘was produced on 1ntroductlon of the
Jsubstrate (66) . This was followed by a slow steady state
* Liberation of'p—nltrophenol resultlng-from hydroly51s
‘/of4the acyl-enzyme. - -

- ‘ Since it was known from 'work done,in wihlby's

laboratory in Sweden that the 'trypsin-like’ enzyme from -

Streptomyces griseus was an 'Asp%Ser—Gly' serine protease,
lnhibited.by DFP work on thefremaining kinetically
1mportant residues 1n SGT was‘empha51zed in this |
dlssertatlon (16) : Spec1f1cally we were lnterested
in the active slte hlStldlne and the NHz—termlnal a-amino
group. With respect to the latter group,;several

-.laboratories have observed that w1th a—chYmotryp81n,_the
state of lonlzatlon of the - amlno éroup appears to control

the actlve conformatlon and substrate blndlng ablllty of
the enzyme. .For example, hydroly51s of the 51ngle ArgrlS;'
Ile l6‘bond in the'actlvation of'chymotrypsihogen'by.
trypsin is associated wlth,the appearance ofdenéyme | |
activity (67) . “In additlon ,Hess and colleéagues (1967))‘
demonstrated that whlle the rate constant for the rate
determlnlng acylatlon of d—chymotrYPS1n u51ng a neutral
amide as substrate, was lndependent of pH in the alkallne

range, the Km(app) was found to be pH dependent (68)
. , ‘
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,Since accordingvto these investigatofs, tne Km(app) for

- hydrolysis of a specific amide substrate was a measure .
of an overall enzyme-substrate dissociation constant,

it was,concluded that an ionizing/grouplwith pk(app) of
about 8.5 affected the enzyme substrate ‘dissociation J
constant -and not~the bond breaking step- Oppenhelmer
et al (1L966) have also shown that fully a;etylated
chymotryps1nogen can be actlvated to Y1e;d acetylated

& —=chymotrypsin (56), Furthermoie, the spec1f1c rotatlon
of this acetylated enzyme was observed to vary with pH
in the region 6.0'to 10.5, tne change in specific rotation
follow1ng the 1onlzat10n of a gJoup w1th pk(app) of 8.3.
Subsequent reacetylatlon of the acetylated enzyme resulted
in inactivatlon,‘apparently as a result of modification
.ofoéhe NH,-terminus. . McConntgt'gl (l969)_carried out a
more extensive cOnformational study-of acetylated'
chymotryp31nogen and actlve acetylated & - chymotrypsln.

by optlcal rotatory dlsper51on (ORD) and c1rcu1ar dlchr01anzx
(cD) measurements (69). These studles 1nd1cated that at
“high pH, where the enzyme 1is lnactlve and the d—amlno
group of isoleucine-16 is‘deprotonated, the enayme assumes
- the same conformation as the zymogen The preceding data.
'-jlndlcate the essentlalllty of -a protonated a-NH2 group for
the activity of the enzyme and are conSLStent w1th its
known structure gn the crystalllne state where X~ray
diffraction analyses have shown that the charged G—Nsz.

group'of isoleggine—l6 is in a buried position and forms

ar - .
N . -
4 . ' '
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an internsl ion pair wiehtsspaftic ecid—l94 (57). similar
ion pairs invoiving the:ﬁﬂz—ﬁermihailresidueS»of elastase

(34) and trypsin (35)‘haveeslsosbeen observed in the X-ray
diffraction ahal?ses of £hese enzymes.

However, the essentlal nature of this ion pair for

the act1v1t{wof these enzymes may be questloned
W

- Valenzuela and Bender (1969, 1970) have Studled the 6-

chymotrypsin- catalyzed hydroly51s of SpelelC substrates
and the binding propertles of thrPe competltlve 1nh1b1tors

with o+ and 6- chymotryp51ns over the PH - range 7 to ll

(70,0 71) . Unlike a—chymotrypsln, 6‘chymotryp51n‘was"

shown to be active and to bind substratgs and inhibitors

to a significant"extent when isoleucine-16 isbndﬁ

3
o

protonated. For example, it was possible te;shew that

§-chym.trypsin at pH 11.5 binds N—acetyl—D—Eryptophahamide

wit g equél to 8 x 10—3 M. Agarwal Martin, Blair,

.and borini (1971) have come to. the same conc1u51on based -

on studles of 6 chymotryp31n mOdlfled at the NH2 termlnal
1soleuc1nedl6 by reaction w1th elther ethyl acetimidate

or methyl picolinimidate (72). The resulting amidinated

"enzyme preparations showed no change in enzyme-"activity

when measured at pH 8.0 with phe‘SPecific_substrate\

.- “ b i ’ .
N-acetyl~tyrosinevethyl ester.. Using N-acetyl-L-tryptophan

ethyl ester as substrate,rthe amidinated enzyme showed

a dependence on pH with pK(app)'s‘equal to 6.7 and 9.3.

They concluded that the protonated amino group of

_1soleuc1ne 16 is not essentlal for chymotryptlc activity

L
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and is not the group with pK(app) of about 9 seen on
acylation or on binding of substrate.

With elastase also, the importance of_the
protonated d¥NH2 group seems questionable. ‘Although
in the crystalline state there is no queation that the
NH2—termlhal ‘residue forms an 1nternal ion pair with -
aspartic ac1d 194, Kaplan and Dugas have shown that both

native and fully acetylated elaStase remain fully actlve

at all pH values between 8 and 10 (73). This is in spite

— Y

of the fact that the pK -of the NHz—termlnus has been |
shown te have a pﬁ%\e§,9.7 (74) . ,The low reactivity of.
this gfoup however, -even at pH 10.0, indicates that even
when deprotonated it remains largely buried in the
molecule until denatured.at higher*pH. The enéyme
denatures at pH 10.5 (73). | i o ©

Other serine proteases also appear to depart
from the required NHz—termlnal part1c1patlon seen in -
a—chymotryps1n. The a-lytic protease of Myxobacter 495
“like elastase shows no conformatlonal change w1th pH .
between 5.0 and 10.5 (75) and both the natlve and |
acetylated enzyme are fully active-between'pH 8.0 and
10.0 (76). N | |

In the_case of bovine trypsin the experimental

!

evidence cencerning‘the importance of.thelprotoﬁated'
NHQ;teFminal resiaue is ﬁore fragmenfary. ‘Stroud et al
(1971), as.mentioned earlier; have\reeently determined

'the'teftiary.struéture'of crystalline bovine DIP-trypsin

26
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and shown that the NHz—terminal (:~amino group is buried

in the active site and forms an ion pair with aspartic

acid-194 (35).. However, unlike a-chymotrypsin, trypsinJ
ogen 1s not amenable to actlvatlon after acetylatlon, |
and reaction at the NHjp- termlnal a- amlno group of trYp51nv
is not possible “with acetlc anhydrlde (77) As a result,
of this p¥oblem Scrimger and Hofmann (1967) htrliZed,a /
different approach and demonstrated that deamlnatlon ofu
the a-amino group w1th nitrous acid at pH 4.0 caused ,
inactivation of the enzyme (78) . More-recently; ROobinson
et al (1973) demonstrated that an actlve guanldlnated
trypsin.lost essentially all act1v1ty on carbamylatlon

of the NH2—terminal a-amino group u51ng pota551um cyanate,
corroborating.the observation of Hofmann's'laboratory (79) .

However, no definitive study of the pH dependence in the"

alkallne range is known to have been done with bov1ne

-trypsin. This is preSumably‘due to its relative

_1nstab111ty at hlgh pH. -

The hlstldlne 57 ‘in tryp51n has been ldentlfled

~with a pH dependent residue which has a PK(app) of - .

approxrmately 7. 0 on tltratlon of the enzyme (30) Other

studles have also shown that: this hlstldlne in partlcular,

-

1s 1nstrumental in malntalnlng catalytlc actlvrty Earlj

experlments using dyes’ and photoox1datlon demonstrated

the 1mportance of such a reS1due in the enzymlc activity

‘of chymotrypsin (80)1 The elegant work of Mares-Gula

and Shaw_(i965) however» showed that spec1f1c alkylatlon
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‘of histidine-57 with TLCK was concomittan“ with loss iﬁ
the enzyme activity of trypsin (31). éimilarly, Beeley
.and Neurath (1968) demonstrated specific reaction of
histidine-57 with bromoaeetone (8l) . But ever. more
~important, they demonstrated tﬁat the reagent wouad react
with histidine-57 in dllsopropylphosphoryl tryp51n (DIP-
trypsin) but that DFP would. not react w1th the bromoacetone
modified tryp51n. Thls strongly indicated that v
bromoacetone, on reactlon w1th histidine~57, destroyed

the charge transfer system diagramed earlier, thus
reducing.the nucleophilicity of the active serihe;l95.
One-of the strongest corroborations of the implication

of histidine-57 in the éeneral‘reaction mechanism of all
serine proteases,.is the obvious conservation of “his
'residue in thekprimary sequehce.' Table V is\a compilation

of sequences around histidine-57 in a selection of serine

‘proteases (22).
The histidine-57 imidazole is important as an
intermediary, through whoSe;conjugated bonds electrons

can be relayed between the charged.aspartic acid-102

)
-~

carboxyl group and the potentially nucleophlllc serine-195
hydroxleoxygen, Slnce the actlve serine- 195 and hlstldlne—
57 residues have been dlscussed above, a brlef dlscu531qn

of aspartic acid-102 is now in order. The 1mportan:e

of aspartlc‘ac1d 102 was deduced from X-ray dlffractlon

fmeasurements by Blow and co- workers (1969) (82) These

workers observed that when hlstldlne 57 is charged (below

— g
]
by
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- of two - carboxyl groups in chymotryp51n one of which is -

PH 6 0) the aspartlc acid-102 and hlstldlne 57 are close
enough to be llnked in an ion pair. Conversely, at those
PH values greater than 6.0, where serine Proteases are

active aspartic acid-102, histidine- 57, and serlne 195

are close enough to be - 1nvolved in a hydrogen bond network

-

extendlng from serine-195 to aspartic ac1d 102 via
hlStldlne*57 (80). Chemlcal modlflcatlon of aspartlc ac1d
re51dues has been attempted with dlphenyldlazomethane .and
glyc1neam1de in- the presence of a water soluble . )
carbodlimlde (80). The results 1nd1cated the 1mportance

A Y

aspartlc acid-194, dlscussed prev10usly and known from

crystallographlc work to he 1mportant tor malntalnlng the-

)

enzyme in actlve conformatlon. Only 1nd1rect evidence
for the role of aspartlc acid- 102 in the catalysis of

the enzyme - was obtained.. A51de from -the crystallographic
evldence, one*of the strongest arguments in favour of :
the lmportance of this res1due in the general catalytlc
mechanlsm of serine proteases,,ls 1ts conservation in

the prlmary sequence of all known Asp- Ser Gly proteases

This is shown in TablP VI (2”) The obv1ous high degree

- of 81m11ar1ty between sequences of.- enzymes from markedly

.c1fferent ‘sources 1s of major 1mportance in both deflnlng

-
the degree to whlch enzymes of a glven group can be said.

¢

- to be chemlcally homologous and in deflnlng the relative
lmportance of: markedly conservatlve re51dues 1n the

_general mechanlsm of actlon of the class/pf enzymes

31
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The concepts of chemical and comformational
homology serve to deflne the structural relatlonshlps

among the members of a- group of protelns. As applled in

.this dissertation, chemical Homology refers to the

similarity in amino acid sequencesof proteins which is

greater than that which would be expected by chance alone.

3

- In many cases, sequence data have been exploited to reveal

similar threerdimensional features and thus, conformational |

- homology, through the use of X-ray diffraction of protein

: / : : : .
crystals. Frequent reference will therefore be made to

the work of Stroud et al (1971) and the descrlptlon of

the molecula?>structure of DFP 1nh1b1ted bov1ne tryps1n (35)
With specific reference"to_prlmary sequence data

however, there are many regions of sequence’within the

serlne proteases which display large amounts of homology

i even 1dent1ty . Such areas are the NH2 termlnal

sequences, the dlsulphlde brldge sequences, sequences

close to the COOH termlnus and probably most 1mportant

.the’ reglons_prev1ously dlscussed 1nvoly1ng the active 51te,
: ) 4 L T

. . L nF, . . { . .
residues hlStlgLne—57 aspartlc ac1d~l@2 and serine-195,
Tables II, V, and VI depict selected sequences oftpeptldes
from proteases related to tryp51n in the prox1m1ty of the

actlve site res1dues (22) . As mentioned. prevlously, some

’:of the SGT sequen;es have been extended beyond that

. publlshed in the cited reference There is little doubt

that the’ sequences shown in the prev1ous Tables lndlcate



a&startllng degree of&homology w1th1n a taxonomlc span

represented by the most prlmltlve proteases, characterlzed

by Both an actinomycete and a myxobacter, throggh to the

)

“most advanced mammallan proteases - =

In the complete enzymesy the degree of homology
. and-identity can be quantltated. For example,_when-the
,lprimary sequenceiof chYmotrypsinogen A and‘trypslnogen
are aligned, there is a coincidence ofdanlno acids'which
represents 40%<of the<total seQuence._ﬁAllowing for
'conservative reolaoements} the homOlogous,areas can be
extended to-include»ﬁl%’of the briﬁary'sequence; The

degree of homology=ln chymotrypsinogens A and B is even

"

" more lmpressiye. Approximate *-80% of the residues in;
these molecules are.identical, inferrlng that these two
,enzynes deviated from their oommon ancestor a shorter
time ago than dld chy@otrypsinogen and trypsinbgen; " Data
for these calcdlations was“deered from the.work‘of Smillie
let’al (1968) (83). |

, Accordlng ﬁ; Perutz et al (l965) imolicit in
any diSCu551og 1nv?zv1 ‘-sequence homology 1s the tenet .

that extens1ve eéuence sl.llarlty reflects a comparable

R g{ture (84) What-thls lmpl;esﬁﬂl
2 o §

<AW %Ssary for productlon of a’

fls 1nherent in the prlmary
_/ .

>

sequence, and is not for example assoc1ated with some

other out51de parameter 1mposed at the tlme of proteln

L]

S B /)
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Tsynthesis: The total_synthes}s of ribonuclease by Gutte

&

"and Merrifield in 1968, .provides stroné evidence for’this'

/

theory (85) . Iuyagreement with this concept, Sigler‘

t al (1968) - reasoned that since the primary sequence

' homology between chymotryp51n and tryp31n was so Jgreat,

a model of the later enzyme could be constructed using
the knéwn tertiary structure of, chymotrypsin as anack—
boﬁev(57)t Although there ‘are two extra disulphide
bridges in trypsln when the. model was bUllt substltutlng

trypsin residues for a~chymotrypsln”re51dues, the two

. digulphide bridge bonds could be introduced with scarcely

any movement of the main-chain atoms. ' 2=cording to the

authors, thls 1nd1cated that the two enzymes had nearly

fldentlcal tertlany structures. This conclu81on has been

corroborated by the recent X-ray dlffractlon data of
DIP—tryp51n (35).

) We have receutly used the same principle as-
explained aboue, to conStruc%'a crude ribbon diagram of ;
SGT, u51ng Q- chymotryp51n as a template moﬂecu'e (86) ..

Thls proved necessary as the X-ray dlffractlon coordlnatcs ’

! ¢
for the tertlary structure of bov1ne trypsin were

unpubllshed and remaln so to thlS time. Howr/er, as wi..
be shown later, the primary sequence homology ween SGT

and chymotrypsin is more than adequate to :71- for “his

- theoretical model and permlts,a‘comparlson of a hypothetical

ﬂertiary‘structure of SGT with a—chymotrypsin and to a

{ . ' : ‘ ' .
more limited extent, with the tiﬁtiary structure of trypsin.

AN




'Soﬁe o% tﬁe mote‘importaot primary seguence
differences observed bylearller investlgators have been
con51dered in tte context of the tertiary structures of
trypsln and a- chymotrypSLn by Stroud and colleagues (35).

"Many of the dlss1m11ar1t1es bear on the specificity
differehcesvof these two enzymes and are thus related to
the specific blndlng site. located very near the active - ‘
site. Sev-ral of these varlant positions have been
discussed previously as they wére relevant to the explana—
tion of ‘the signtficance of aspartic acidj189‘in‘the |
specificity pocket. Ho@ever/ a more thorough dlscussion
of the remainino,differences is tertlnent to the comparison
to be made laterfbetween the ribbon dlagrams of SGT and

d—chymotrypsih.
| As stated earlier, trypsin and its congeners

demonstrate a high spec1f1c1ty for amino ac1d residues

with charged ba51c 51de'cha1ns, while chymotryps1n is

e

less spec1f1c, showing a preference toward residues with

aromatic 51de chalos and to a lesser extent allphatlc'

_sxde chalns In both cases the spec1f1c residue is on

the NHz—termlnal side of the bond whlch 1s cleaved in

’ cataly51s The unique: tryp31n specificity has long _ //2}
suggested an aolonlc .site for. the binding of substrates, -

and krnetlc experlments have indlcated that this 1is

'correct (60).. As stated earlier, the anionic resxdue'ls

known to be aspartlc acid- 189 a residue found-in all

. N . ~

&5 K

'tryps1n—11ke enzymes.- Thls conclu51on -has been

L
12



' binding pocket. These bonds are established on the

'bmolecule between re51dues 221 a‘d%224 (83).

36

2 ) »

t al_(l97l) also observed ‘that, in contrast to chymo; |

trypSLn whlch maKes three hydrogen bonds to peptlde

substrates (87) ‘trypsin appears to have the possibility

of maklng four hydrogen bonds. between peptlde substrates

as a result of a dlfference Jn the archltecture of the
NHz-terminal side of'the bondlto'be cleaved between'thé R
carbonyl and amino groups -of the substrate peptide chaln“

and those of Serine- 214 glyc1ne 216, and glycine- 219 ofv

the trypsln main . chain in an antlparallel B- pleated sheet

.arrangement., Thlslphenomenoniappears to be the result of

a deletion inutrypsln at residue 218. . S,

_ An insertion in the tryp51n sequence at p051tlon
221A provides a glutamlne in lheﬁrear of the specrflc
blndlng pocket which appearc to form a hydrogep bond to
aspartlc acid- 189 Stroud and colleagues presume that

the functlon of thlS bond 1s to help fleeze ‘the conformatlon

of thlS re51due decreaSLng the poss1bll1ty of delocallzlng

~ the negatlve charqe (35) ! Chymotryps&ns possess a

cons1derably dlfferent sequence 1n’thls reglon of the

-

A' ! .
/

’ ) ‘
’ X - . ’ b
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but, in the case of tyr081ne 184a, helps to insulate the
internal negatlve charge at the back of the cav1ty 1n L S J

the molecule (35) . ‘ . ;-H ' ' wf.',g
‘ - . ;3' : . ‘ S
. : Theso 3nd other structural dlfferences w1ll be

consrdereo ot when the comparlson between the theoretlcal -
SGT tertiary btructure,and the tertlary structure of"~

a-chymotrypsin is made 1n Chapter IV Fundamental

: dlfferences in seqguence between SGT and othér serinex

s proteases will also be dlscussed.

Whereas the prev1ously nxamlned dlfferences in

prlmary and tertiary. structures eluc1date relatlonshlps : v A

. . I

between the structure and functlon of serlne proteases 4 T j
much information regardlng the PVOlUthH«Of these- enzymes

can be obtalned by con51deratlon of the 51mrlarlty oxr
homology of their primaryvstructuree.k‘Indeed, some oﬁ
thevmost;homologous*regions;of the serine oroteases,;
obeerved about the active site residues, ‘have beenv‘
1nd1cate§ already and: thelr phenomenal 51m11arlty noted
Investlgag;gé have continually strlved;tonrecognlze'

51m11ar1t1es and dlfferences in 11v1ng things whlch

‘"would allow for an acceptable theory accountlng for the

lcal means, workers throughout the last

hundred years have complled overwhelmlng ev1dence to
s/

.support‘the unitary theory of the origin of LifeL that is,

N

‘that all living forms on earth, as we know them,'arevthe
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result ‘of a”single occurence.
Concurrent with this-tremenaous‘growth in
- morpho}égical eviqence was a growing biochemical knowledge
'allowinq researchers a preliminary understanding_of how . - , -
'function;qstructure, and information transfer were related.
‘jEmerging_out or this, was a new field of study termed
biochemical%EVolution, whictht has supplemented the o ' 8
morphologlcal ev1dence and even, according to some workers,
’obtalned dlrect deflnltlve proof of'the unitary theory (2,
88,89;99,9l). Without question, several pleces of new
L information were instrumental in launchlng many laboratorles‘
into the’new area of-biochemical taxonomy Perhaps the
i v - first’ was eluc1datlon of the genetic code llnklng trrplets

@ ) '
of nucleotldes in DNA and messenger RNA to individual

l

~.amino acids (92) — a; hypothesis put forth earlier by
' ® o ¥ . |

. grick‘(l958) (93). ‘But researchers also required that : \

v there be a concise demonstratlor of the collinearity of

base sequences and amino ac1d sequences in order to use

the moreureadlly obtalnable amlno ac1d sequence 1nformation

¢ : . 4 - -

ffor'their wOrk.» ThlS was establlshed by the use . of ' e

e ——

nces in i the E. coli rlbosomal
e ."f7 ”'i;system (94) and by comparlng the genetlc map of the
=E.'coll tryptophan synthetase A locus with the known
' ﬁrlmary,amlno acid sequen e‘of the product protein (95).
Sincejsequence analysis techniques for proteins had been
g well establlshed long ‘before thlS (96), work began'

'Emmedlately on the sequence of protelns which might,
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as 5 result of their_functionalvsimilarities[ be

structurally similar:w. But there were limitations to

‘the protein sequénee'approech. One of‘the most serious

was that' unlike the pqle@ﬁtologlst the_bioehemist had

to work with contemporarfEStructures (Florkin (1364)

however, has descrlbed a protein gﬁom Nautilus fossils

which 1is presumed tp be 6.5 x lO6 years old and has a

gﬁﬁular amino e01d analysis to the modern dey equivalent

vbrotein (99) ..Y) . 1In face of thisldrawback, alternétive

~7/ « approaches for comperative study have been taken in the
'abeence oé fossils; There have been_ﬁhose who. have
studie@ functionally related molecules within..a single
species and those who have chosen to study functionally
related proteins up ﬁhe phylogenetic tree;‘ Beth approaches
“use one or all of the following methode of comparative : o
study; | |

’ 1) Immunological teehniques have been used. In most

ppep—

cases, ‘once a purlfled antis rum isS-x
. ié;%o_a hlgh'degree. This
faciliﬂhtee répidvscreening but is relatively éifficult‘
to qué'ntitate‘ (91, 98) . -
2) Enzymes can be subjected to kinetic analy51s, épecificity
"and stanlllty studles“as well as phy51cal studies, in
order to proNLde ev1dence of taxonomie,relatedneés.

3) Sequence studles can be used in a mapld screenlng process

by limited stfateglc labelllng tecthques, such as at

TS 1
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actlve sites, or used as a means toﬁards Consgrugting
the total primary sequence of the molecule

~4) X-ray crystallography, generally the last step after

. Y
\ 'primary sequence determination, leads to the most

ﬁy Lsophisticated,comparative procedure,that'df dbm%%rison;
of the'tertiary_structures,of related.molecules.

In general, the latter thtee methods appear to be used

hore than the first, but none can be discounted entirely.
Blochemlsts using the prev10usly mentioned methods T

have v1suallzed the evolutlon of protelns as hav1ng evolved

from a prlmltlve polypeptlde which- underwent random

mutation and natural selectlon as the host ”organlsm"

evolved. (99). At this p01nt in preblologlcal‘tlme the

primordial organism was emerging and withg}t, the greatest

R

probleh faced by evolutionists, that of'the linkage of

protein synthesis,_ener ' : i ormation
——~f~’“”ff”;’trahsfer. This-stage of association if lost due to a
lack of information regarding transitional forms of
X organisms and must be left aslde at thisyjuncture-VJMany
vislonary revieWS are available on prebiological evolution
(100,101,.102). ' |
Before proceeding -further 1t seems approprlate to
qulckly rev1ew the typlcal mutatlons observed in nuclelc. n‘
acids which 1nev1tably result}ln the varletles of homologous
.. lb A lproteins to be‘disCussed. "All mutatlons can be desqubed

as’ either point mutatipns or base sequence mutations,
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. 4 ,
where the latter refers to a mitation involving more

then a single base. Point ﬁutations can be subdivided

into substitutions,'deletione ano insertions.',The %@FterA
two mutations are‘the moet deleterrous as they result in #

a readlng frame shift of one nucleotlce With respect to
the more extensive base seqﬁence muta- 1ons, these canrbe
similarily subd1v1ded Sectlons of genome can be dupllcated

or deleted. The latter is belleved to occur as one of

)
two alternatlves arlslng out of an inversion loop, where 3 - ’%%

the seguence ca? simply inveért or, as in the case of the - \
' )

deletion, be removed altogether. An excellent.dlscu551on
" of these 'chemo-genetic' manipulations was publisﬁed in

a review by Dixon (1966),(99).

.ocumented in the llterature; with perhaps thlﬂ
point mutatlon in:a normal form of human haemoglobin,
~producing the disease 51ck1e cell anaemla, being one of
the most obvious (103). At the other extreme,researchersl
‘pelieve that the various human non-allelic forms of the

,haemogloblns aA, BA, F and 6A2 as well as myoglobin méy
% : .

;result of whole gene dupllcatlons (104) Yet .
af“‘ er example 1nvolves non—homologous palrlng and cross-
over which can result’ in part;al gene dupllcatlon between

non- allellc c1strons This was elegantly demonstrated in

the tryptophan synthetase system of Neurosporra crassa 0

and Sacch&romyces cerevisiaée where tryptophan synthetase A
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and B actlvities were observed in a protein which could

not be broken 1nto subunlts. This is in contrast with'

the E. coli system where these activities are found in
&4 » iy Lo '

B v
¥ Iy

two "separate protéins®and are expressed therefore, by

p
separate genes (105) . ﬁ ' {
_ Slnce great amounts “of. . sequen. eugata a@ﬁ nOw v,'u'gﬁ% '

being compiled certain lmmutable facts“&egar&&nﬁTf

S
mutational events have'become &gVLOus; .Comparlson“ofV

g g, : A o
prlmary sequerices of functlonally sxmllar protease; for

example, has allowed for allgnment of identical re51dues
around key areas'of the molecules Those protei s having

large areas of 1dent1cal Drlmary sequence were termed

homologous ier. On examination ¥

s

of the non—ldentlcal res1dues in a group of homologous
proteins by allgnment‘of the identical regions): it was
J l ' found that the‘non—identical residues could‘be grouped
“into tW%‘classes.,bThose‘that were structurally similar
, ' were saia‘to be conservative substitutions while'those
ghat were structurally very different were said to be ..' .
' radioal substitutions (g8;106). ‘For,example; a‘Valine
substitution for .an .isoleucine would be considered
-y
conservative as compared with a valine for an arglnlne
substitution. Accordlng to Epsteln (1964) (106) using - o
Kendrew's (1962) (107). myoglobin model, there is a central T

‘ i
or core region of hydrophobic residues such as phenyl-

alanlne leucine, isoleucine,'valine, methionine, proline,

IREEA R VR

e C and cystelne formlng an area with a hlgh dlelectrlc



\
constant, while alternatively, according to Epstein,

there are hydrophilic or polar re51dues such. as lysine,
arglnlne, "glutamic acid, aspartlc ac1d ‘glutamlne,
asparaéine,:serine, threonine, histidine, tryptophan,

and tyrosine which are located on the butside adjacent
to the'highly polar agfieous phase; Residues such as
tryptophan and tyrosine however, are knan to be somewhat
fvariable;Ldependiﬁg déon the ﬁroteia?in questicn. *Inaeed,
these,dgsignationszare best regarded as generalizaticns,

‘ ey
as on consideration of jést the a-chymotrypsin molecule
i ,

alone,,fryptophan resi etely buried or
—-““’—~f’— entlrely on the surface. Similarly,.many of the very
hydrophoblc phenylalanlne residues are observed to be
eempletely eXposed on the surface ;% a-chymotrypsin. . In
_%splte of these 1rregular1t1es, if a nonﬁpolar re51due
such as phenylalanlne, buried deep in the molecule is
substiﬁpted by an arginine as a result"oﬁ a single point
:muration, the‘consequence wouldvalmosem;urely be disruption
.0of the tertiary structure of the molecule and loss of
activify.ﬂ'similarly, a very hyarophobic residue‘can be
substituted for a polar residue on the s&rface_of the
.protein only at a considerable expense energetically (88).
Epsteln s predlctlons regardlng permissible or conservatlve
- replacements being far greater in number than  the alternative

‘non- perm1351ble or radlcal substitutions, appear to be born

-out when one: observes the replacements occuring in

14
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e
sequenced protelns w1th known.tertlary structures (88) .
It is 1nterest1ng to note that even the genetlc code seems
'predlsposed towards conservatlve replacements as most
non- polar reSLdues for example, have the codon«UU(Y) |
cu (Y), KU(Y), or GU(Y) where Y is any of the four 00551ble//

( o
nucleotides (99). Thus, all these hydrophobic residues

ate interconvertible at position one and have a bias of

2:1 toward conservative replacements 5nong_EEE_E_,;_ﬂ;ag;::::::::::é

:"«’b,

-

5nservative replacements and other mutational =

alterations‘in the proteases will be indicated later when
. [

their primary. structures are compared in detall

In summary, it should be stated that the bulk of

'the homology evidence from the Lrim&Ty sequence analyses
O

 of Asp -Ser- Gly proteases’ strongly 1nd1cates that thls

class of enzymes has evolved rom a-single. ancestoral

©  form through a imjergent process +analogous to the classlcal
.Darwlnlan descent with modification.

It is Vastlybimportant that not only structural’
considerations;‘but alSo functional data, be compiled in ,' 1géw
~rde- that as much information as possible'be gathered
ST SRR O W e protelns being - r'omparled From such data

conc_uTiCas n be formulated, nckt only regardlng the

-evolutionar: .v 1ology of‘proteins, but also concerning
tnose'functic;, basic to biology, that the selective o -
forces are act 19 uponAto direct the design of the moleculef_

| The ‘mtent of this research was to inﬁestigate‘

. \
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‘ (;C
‘the‘struétural and'physlco—chemicalgg;operties of the
”serlne protease SGT. 'Specific£lly, work was undertaken
to eluc1date the prlmary sequence structure of SGT along
‘ith those phy81cal and kinetic Darameters which bear
dlrectly on the problem of the funotlonal and structural .

homology of the serine proteases It was also hoped

that the phys1c would helgpbroaden'the’

knowledge regardlng the mechanism of actlon of the’ tryp51ns

In ger these goals have been attalned as the complete
ﬁ®sequenn 'SGT has been eluc1dated ‘with the exceptlon of .Q

one region containing a‘51ngle re51due overlap.B Further;"“*'—ﬂﬂﬂﬂ_
more, the phy51co—chem1cal studles 1nd1cate°that QGT is

indeed enzymatlcally very 51m11ar to bov1ne tryp51n, with
the'pOSSible exception of the role' of the NHj,-terminal

a-amino group. = It'is feltAthat results arising from

this research sttongly indicate that the 'trypsin-like'.

enzyme, obtained from Streptomyces griseus pronase, is , .

indeed.homologous in structure‘and enzYmic properties
w1th all known trypflns and to a lesser extent w1th all
serine proteases conSLdered to be_phylogenetlcally

o

related to ‘bovine trypsin.




CHAPTER II

GENERAL MATERIALS AND METHODS

1. MATERIALS

A. General Chemicals‘and Solvents

arge pore size (200-400 mesh) and
AGl-X2 (Dowex l—X2) (200-400 -mesh) were obtained from
Bio—Rad laboratories, Richmond, Ccalifornia whereas’

. X % .
Technicon Chromobeads Type P (peptides) equivalent to-

Dowex 50-X4 was obtained from Tech Company,

auncey; New York. CM—Sephadex,\SE—Seﬁhade# C-50 Lot
#9757 (discontinued),‘SPFSephadex c-25, SephadexiG;QS
Fine, Sephadex G-50 Fine,lSephadex G-75 Fihe and>Sephadex
G-75 éuperfine were obtaihed frcm Pharmacia Fine Cheuicals,
UppSala,'Sweden. Ethylehimine'was purchased from Dow
.>Chem1cal Company; Freeport Texas, redlstllled hefore use

and stored over sodlum hydrox1de pellets Similarly,

N ethylmorphollne (prar 1cal grade) was purchased from

i"Rachester, New York and was

v

Eastman Organic Chemica

redlstllled prlor to use (b. p "134.0° C). BAEE (N-ben20y17
I- arglnlne ethyl ester) ATEE (N acetyl ~L- tyros1ne ethyl |
'ester) PNPA (pP- Nltn@pﬁ%nyl acetate), ox1dlzed insulin A
and B chains and cac%dyflc aC1d were all purchased from
Schwarz—Mann Chemlcal ?ompamyg Orangeburg, New York.

Ultra- pure'grade guan;dlnlum hydrcchlorlde and urea- were'

;'A ' # '
also purchased from Schwarz—Mann .DFP (dllsopropyl—

o . ,.

-jfluorophbsphate)lwas purchased from K & KfLahoratorles .
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of Hollywood{'California; while cyanogen ' romide Wasa

obtained from Pierce Chemical Company,‘RQckford, T11inois S

DeuteYrium oxide : r. M. Barton and was.

obtalned from Internatlonal Chemical and Nuclear Corpor—. -
. T -
ation of Irvine, Callfornla. TPCK (L-(1l- tosylamldo 2—
ghenyl) ethyichloromethyl ketone) TLCK (L- (l tosylamldo—
2-lysyl) ethylchloromethyl ketone) and BA
.
//gml,dj_ne)— 7

St. Louis, MiSSourl Dansyl am*no ac1ds were/obtalned-

"urchased from Slgma Chemlcal Coﬁpany of
from Calblochem Los Angeles‘~Ca11forn1a or Were prepared
by the method of Gray (108) h DN S- cl (1- dlmethylamlno—
naphthalene~5 sulphonyl chlorlde) B grade was also obtalned‘
N : ‘ from Calblochem. Poly%mlde_plates were purchased;fromvﬁ
Cheng Chin Trading Company; Taipei,aTaiwpﬁ.; Maleic': .
anhydride (zone refined 99.9+%) waa purchaseddfrom |
| Aldrlch Chemlcal Company, Mllwaukee Wisconsin. Durﬁam
| tubea,for dansylatlon were purchased from A. Gallenkamp
- .and Company,'London, EC2 England. @é%
B. Enzvymes
Q‘a-chymotrypsin (three.times'cryéfallized) trypsine
TPCK, and pep51n (2600 U/mg) were purchased from Worthlngton
Biocﬁemlcal Company, Freeho]d New Jersey, whlle crystalllne
‘ thermolysin (B grade) and pronase (B grade)_were purohased )
from Calblochem, LoS'Angeles,'California. ”Mykobacrer.4§5;

©oQ- lytlc protease was prepared in* the laboratory of Dr



S - | w
DFQL Wwhitaker, University .of Ottawa, Ottawa, Ontario.
’

2: METHODS

A. Column Chromatography Procedures for Preparation of

G$\£rom Pronase

(1) Ion EXchf ge Gel Chromatography

| Initial preparations of SGT followed-precisely
the procedure of Jurasek/ Fackr - and,Smillie (1969) (l09)
and'were gener%lly found to be both laborious and wasteful
of material. Several column procedures'wereirequired
(CM-cellulose and Bio-Rex-70) as well as dialysis and

lyophilization procedures after running each column.

fal r

4Shnce the mixture of enzymes and the purified SGT- itself

were Kk own to autolyze under: the conditions of this
<.
procedure a new procedure was devised inVOWVing a one-

s
v

step purification uSing volatile solvents Sulphoethyl
Sephadex (SE- Sephadex) C 50 was equilibrated with 0.02 M
pyridine acetaiz:iuffer pH 5. 0 and packed in.a 5 'x lOO cm

‘column which wa's quilibrated overnight ‘with O. 02 M buffer

and then loaded with between lO and 20 g of pronase. It

TR

was found necessary to dialyze the crude pronase overnight

“at 5% aéainst starting buffer and to centrifuge the C-

. product for 20 mins at 4000 x g before application to

tbe'column The column was then developed with & linear

egradieni of pyridine acetate buffer from O. 02 M to:0. 5 M

at 5° ith a gravity flow rate of lOO ml/hr (molarities

e
. . . /
N /
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are with respect towpyridine). The reservoir and mixing -

cylinder eacQ_conteined 4.32 of buffer. The volume of

fractioﬁs collected was 25 ml which were read at‘28Q nm

on a Gllford model 222A spectrophotometer whlle ‘at 5

The latter temperature 1s 1mportant as pyrldlne buffers
have a temperature dependent eétlnctlon coeff1c1ent at 9
this wavelength. Samples were pooled and lyoph17lzed
directly. . An adaptaﬂ&on Of thls technlque u31ng CM-
Sephadex and a linear gradlent from 0.02 M to 0.75 M'

with 6.5 liters in each cyllnder, was later devised, by

tresolve the SGT component at high loading levels (20).

Thls procedure, together with ? slightly modified SE-

. Sephadex chromatography utlllﬂlng a pyrldlne acetate

‘ volunes of 20 ml were collected, and the p051tlon of eluted

1l

gradlent of 0.1 M to O. 5 M, w1th 4.3 liters of buffer

in each cyllnder, was- routlnely used to produce enfyme
of high purity. ' i / ' '
(2) Bio—Rex—7d thométography
\ P f ’ .
The Bio- Rex 70 proqedure of Jurasek et al (1969)

was used (109) . A column #f Blo Rex-70 re51n, prev10usly

qulllbrated wlth 0.1 N Nawa—cacbdyllc ac1d buffer,.

e

pPH 6 lO, was developed at: 4 with the same buffer 5The

E
A

flow rate for a 5 x lOO cm column was: . 120. ml/hr Fréction

protein determl%gdvspectrophotometrlcally.

S

.Dr. L. Jurasek in our laboratory in order to even better -

°



- B..Column Chromatography Procedures for Purification of

I . - -

Peptides,

'(l) Cyanogen quééﬁe Peptides Separated on Sephadex

Al 0

Superfine

<

Sephadex G-75 Superflne was swollen overnight in

0 65 N acetlc acid, 8 M urea and packedAln a Pharmacia
' ,‘,1.' 0oy eyt
column of either 2.5 x 100 cm-or 5.0 x 100 cm ahd equili-
. ‘ .- . v .
brated overnight against the former solvent at room

temperature. The.fiow rates were iﬁ.the order of 8412 

ml/hr with a hydrostaﬁic headvof 96:cmﬁ Séméle sizes

varied»slightly but were apéroximately 25 mg in 5 mlvand |
0‘600 mg in- 30 ml‘fopvthe‘2.5 and thé é;orcm columns l |

respectively. P f
(2) Sephadesh G-25 .Fine and G—SO,Fine‘Purif}cations of

Tryptig;bigests,of Performic Acid Oxidized SGT
These'gels_were equilibrated and run in essentially

!

theﬂsame manner as the G-75 Superfine column§, with-the
- following exceéﬁions:.ﬁhe‘buffe? used was 0.5 M‘NH4HCO3,."
"pH 7.8, the‘flpw ratés'weré 60 mi/h; and the fraction
;volumg was 10 ml iﬁgteaq{of S‘ml.és used in the G-75

system. . In one partiéular experiﬁent the effluent from'

avG 50 column (5 xrloo cm) was fed dlrec+ly into a G-25

O

_.,.,

lﬁ@n (2.5 x 100 ?m) W1th all condltlons remaining as

above. These colu ns, unllke_the G-75 Superfine columné'

were run at 5°.

50
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(3) AGL-X2 (Dowex 1) Fractionatlon of Enzymatic Digests

6f Cyanogen Bromide Fragment cn-1

/

The procedure of Landon (1964) fo» separation of
peptides into basic, neutral and acidic fractions was
- 3 v
equlllbrated in 2% pyridine, 0.038% acetic acid buffer,

pH 6.7 was equlllbrated and peptldes applled Basic

“4\?1"

[
peptldes were eluted w1th 60 ml Q§ pH 6. 7 buffer at 30 .

ml/hr and tre fraction. was lyophlllzed The neutral

37

fraction was eluted with 60 ml of 2% pyridine, O. 2%

_acetic acid buffer, pH 6, and the acidics contalnlng some

neutrals were eluted with 30 ml of 2 N acetic acid. followed

by 30 ml of 50% acetlc ac1d. It should be noted that

fractions 1, 1I,_ and III did not contain only ba51c,

neutral and acidic peptides respeCtively, but were crude

fractions:with some o;oss-contamination especially:from

the neutral fractfon. _ L
S A

] 14

S (4) Chromobead P ReSLn Fractlonatlon of Ba51c,‘Neutral,

and Acidic Peptldes from Dowex 1 Column

I3 . L4
The Technicon autoanalyzer system for peptide
chromatography was used with a 0.6 x 100 cm column of

Chromobead P resin. The column was jacketed and kept at

38° ‘during operatlon Elutloﬂ\was performed at 25 ml/hr

usingithe buffer gystem employed by Wellnder and Smlllle

© (1972) as indicated in Table'VII (lll). A nine chambered

. > . S
. _ , _ ¥

ey

used (llO) A 2.5 x 15 cm column of AGl-X2 (200—400'mesh)“'




£

2
S

autograd was used to develop the gradient‘aqo three ml .
fractions were collected and located by'automated n;nhydrin
assaYS before.and afterfa1kaline hydrolysis_f All peptide
contaihing fractions were pooled and lyophilized. Th:s
system utilized between ‘4 and 7% of the sample’for ana;ysis
-and gave good resolution on as much as 7.5 umol s of
proteih_digests_' Tﬁevbasic'system modified as‘justl
described is defined in greater detail in thevTechnicon

Instruction Manual T-67-101 for peptide analysis.

c. .High Voltage Paper“Electrgphores;s of Peptides -

High voitaoe electropboresis‘of-peptides was
“routinely used as the final purificatioo step in a protein.
digest isolation procedure Electrophoresis at both

pH l 8 and pH 3.5 was performed in- a Gilson High Voltage
Electrophorator Moa\l D equlpped with a large fiberglass
'tank-utlllzlng varsol. as an ;nert coolant This is
xbas1cally the system descrlbed by Dreyer and Bynum (196/)
(112). A thlrd system was used at pH 6.5 and is
essentlallyra vertlcal strlp high voltage electrophore51s
apparatus similaxr to that described by Ryle et al (1955)
'(113). Toluene, contain@ng 8% pyridine (V/v)} ﬁas‘used

as a coolant gor this system. Buffers used for all

systems were as follows: : S

53
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Constituents _ | Ratios gﬁ_volume
pH 6.5 Pyridine—acetic’acid-water _ (100:3:900) "
pH 3.5 Pyrldlne acetic acid-water y~112105189)
pH 1.8 Formic ac1d acetlc acid- water (1:4:455

Whatman 3 MM filter paper was foutinely used for separatioan‘:‘

of peptides although Whatman N¢. 1 was sometimes”used when?;"ﬂ o

only small quantities of peptidesﬁwere availabie. For -
the preparative’use of 3 MM, SO nanomoles perveﬁnofbpaper‘
was con31dered the load limit beyond whlch ylelds and
resolution suffered greatly. Electrophore51s was
~ routinely carried out on full sheets of 3 MM for'45iﬁin .
at 3 Kv, whith was equivalent to 60 volts per’em.'x‘ ST
Peptides were located on the dried sheets.by utiliéing
cadmlum—nlnhydrln reagfat (114) and when necessary the
'Pauly reagent for hlsti§§3e (115) Ehrllch s reagent
for tryptophan (116) and the a-nitroso-f- -naphthol reagent
for tyrosine (117) When a blocked'NHzeterminal was
suspected, the starch iodide technlque for peptlde
bonds k118) was employed. ‘ The latter technlque was
-modlfled by utlllzlng a weak solutlon pf‘hypochlorous
c1d (commerc1ally avallable as Javex). rather than the
mere reactive ch}orine gas. All cadmlum—nlnhygrln

tredted papers were routinely heated at 60° for 15 min.

-
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D. ‘Amino Acid Analysis
(1) Peptide amino acid analysis

Amino acid_analySes were routinely'done'on the
'vBeckman>Spinco Model 120 C,automatic amino acid analyzer
w1th expanded range card Samples of peptides (30—$Ol'
nanomoles) were hydrolyzed in 100 ul of constant boiling
:HCl (5 7 N) for l6~to 24 hours at llO in evacuated sealed
tubes (lO ram; x 75 mm) (A1l tubes were fired in a muffel
Avfurnace at 400 before use) The tubes were opened and the
«contents drled.down in vacuo. In most Cases 1/3 of the
sample was’ placed on the shert column, which resolves

Vonly bas1c resrdues, 1/3 was placed on the long column

.'
Q

La to resolve the neutrals and acidics, and 1/3 was retalned

!
&

i)

» feg
sfor emergencres USLng the versatlllty of a programmable

‘automated machlne,aall re51dues lncludlng S-B-aminoethyl-
cystelne, cystelc-acld carboxynethylhistldlne homoserlne
‘and homoserlne lactone were readllv resolved from all the
QCOmmon~am1no acids w1th the machlne'operatlng constantly
(119) The lower llmlt for quantltatlon on the expanded
range card was approx1mately 0. 5 nanomoles w1th ‘a clean
peotlde and the upper llmlt was approx1mately 50 nanomoles
as resolutlon between closely runnlng peaks became poor
above tnrs‘value;: Wlth the exceptlon of serlne,bvallne,

4atyrosine)flsoleuclne amlnoethylcystelne homoserlne

‘and hOmoSerlne léétone;”which-are egther degraded,

oA

modlfled or poorly hydrolyzed all amlno ac1ds were
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obtained in acceptable molar ratios when peptides werej -

analyzed using this procedure.

(2) Protein amino acid ahalysis
The amino acid‘composition of proteins and la}ge

- N Lo

.protein fragments wa@.determined‘on the automated Beckman:.
Spinco Model 120 C amido .acid analyzer with ttel’protein'
_or normal ‘range card. The procedure is 1dent1cal w1th

that used for peptldes with the exceptlon that approx1mately
~0.10 gmoles of each amino acid in the proterncwas applled
_to obtain peaks ot adeqdate size. -Furthermore,'samples

were dupllcated and hydrolyzed for 24 36vaﬁd 72 hours

to enable extrapolatlon back to max imum ylelds for degrad—

" able residues and to enable ‘an equallyivalld assessment

~of slowly tydrolyzed.residues such.as'valipe and isoleucine.

o
h

S

CE. NH,-terminal and Sequence Determination of Peptides .

The general:procedﬁre o Gray (l9641 (1oéjfé§
modified by Hartley (1970) (120) was used for@Nﬁzeterminal
determlnatlon and sequence -of peptldes lTBis.“Dansyl—‘ y
Edman technique allowed for’ mlnlmum loss of peptlde for
NH2—term1nal determlnatlon and max imum, speed of degradat@on
Two degradatlon steps could be ac;ﬁmpllshed in an 8 hour

perlod and NHz—termlnal samples of apprOXLmatelv 1. O

nanomole were eas’ ly detected u31ng ‘the dansyl technlque
}‘J M e
The general procedure was. as follows- approxrmately 0. l

'umole_of’peptlde,was‘taken_up-;n'lSOvul of water-rn;a



i

ground glass stoppered t%%? and an appropriate volume

removed for NH,- termlnal depermlnatlon by dansylation.

(1) Dansylation and idenﬁg,

The sample removed f rfdansylatlon as descrlbed

3 i
above was placed in a preflrég% grham tube of approx1mately

4 x 25 mm. This sample was ev_gﬁa ed to dryness in._.a

desiccator with a water aspirat S‘ul of 0.2'M NaHCO,
added and the ‘sample agaln dried down by evacuatioh.
Deionized distllled water (5»ul) and 2.5 mg/ml'dansyl
chloride‘in acetone‘(s Ll) were added to the sample which
. was lncubated for 20 min at 45° while covered with
Parafilm to preveht evaporation. After drying down .
(water aspifatof); 25 1l of constant boiling HCl (5.7 N)
was added, and the tube.sealed by flame under vacuum.
Samples were routlnely hydrolyzed fox 6 hours at 110°
although vallne and isoleucine containing peptides often
_reéulred 16 hours Tubes.were cracked openbby scoring/
and heatlng and the contents dried down’ undel vacuum
‘with an oil pumpé éach‘sample'was dissolved in 5 ul

‘of acetone-aoegld'acid (5:2, v/v) and applied to double
sided thin layer pdlyamide'plaﬁes for thin layer
"chromatography. Approkimately‘l/3rof the sample was -
placed in a corner of the polyamlde plate whlle another
‘1/3 was placed 1n the same corner of the opp051te 51de
kalong with'standards. Plates were approx1mately S cm

sQuare and fitted easily into 250 ml beakers, where they

\
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Fig. 4: See Facing Page. ' . ' ‘ .

Positions of some slowly hydrolyzing dansyl
. dipeptides, with standard dansyl amino acids,
> . _on a thin layer polyantide plate-‘after '
i chromatography in systems 1 and 2

Fig. 5: See Facing Page. . : A
Positions of some slowly hydrolyzlng dansyl
'dWDepthes with standard dansyl amino acids,
on & thin layer polyamide plate atfter

. chromatography in systems 1, 2 and 3.
. : Systems 2 and 3 were run 90 to,system‘l.
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Fig.

2: See Facing Page.
Positions of dansyl amino acids on a thin

in systems 1 and 2.

.

layer polyamide plate after cbromatography

See Facing Page,

Positions »f dansyl amino acids on a thin

layer polyamide plate after chromatography"
in systems }w 2 -and 3.

Systems 2 and 3
were run 907 “to system 1. -
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Ry . . : . ‘.
were developed 1n two dimensions using -tt > solvent

&

systems employéd by Hartley (1970) (i20¥;

hd Quigtam 1« 1 B £~vrmi
SYViertem e 1,270 I

()

-

System:2gsBenzene—agétic acid (9:1, v/v)

[ . s

‘System 3z Ethylgcétate—methanol—aéetic acid

.

(20:1:1) b¥ -volume

A "fourth system was often used to reso;ve'aans?lfo—tyrosiné

CLrom &ansylvglutamic acid {(l21). It was h—butanol/n—hexane

P

2]
ot

. ‘g‘.g:yn

ﬁpyrld ne was adoed and the tubc~purged w1bh \2 'jfhe,

- finedily, 1in an evacuated 60 desiccator, with tovs

(1:1, v/v). Uneguivocal identification of the NHé;terminal

amino acid was.obtained’after as many as sixteen

degradations. Flguros 2 and 3 describe the DOSlthDS ‘ P

o

of dansyl amino aciés after svstem 2 ‘and system 3n

respéctiveﬁv while FlguLes 4 and 5 describe fhe p051t7uns

or slouly hydro1yzed dlpeptldes after systems 2 and 3

™,

S & so Ux? on . -

R T S
oF methanol—-f M ammonidm hydroxide‘(lsl v/v)

{ ! : §$

(2) ¢ oupang ,with Pneﬁ"lsothlo vanate (PITC} = =
) B - o T Sl ‘ . ) : o '__‘ ' v‘ o “ ‘ R
o The mOdlLled _dﬁan degradat%on_piocedgre describged

.-

by Gray. (loﬁﬁ) - was usmd w1th.cprta1n aWtcrﬂflons (122‘, !

.. To the . remalnlng fap“lde sample'LSO Ll of 3% PI 'C in”

o
. =

. - 0 ..

.SA P"TC was prepared rresh fvery two weeks and stored . '
. _ . | R .

Lnder \2 in the freezer.,y Tubes were;placedfln a -54': .
e B - .. - - A ‘ , L . ’ v“\

des catOL for 60 minutes for the coupling reaction andy

1

~

‘
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C(3) Cleavage of- Phenvlth ocatbamvlpeptlde (PTC- peptlde)

‘subjected to a, further i

removed, for 30 ﬁin in the preseﬁce ef.NaOH pellets andr
phosphotous pentoy1oe (P 05) “This  procedure xemovea.
unreacted PITC, pyr}dlne, water, and volatile by—prbduets
such as aniline and- phenol, trapping -them in an ieo—

propahol dry_ice trap. o L, \

Bl

¢

. .+ The above drled re51due ‘was dlssolved in 200 ul

. I;’,‘ -

of anhydrous trlfluoroacetlc cCld (TFA) and flushed wi

?dly ﬂ? to remove re51dual water vapour. Tubes were

L , ey
scopverec ap 1ncubated for 390 min. at A8° in a heatea
N )

dessicator and flnale transferreq to t%e 60° desiccator

(D

contain 1ng Néoé”?el ets and P50g where they were - evacuated
5 - \

for 5 tc.10 min’
: =8 L

The contents of each Edman tube w,fe dlssolvea in

200 21 of deionized distilled water and extracted three

fimes with 1.5 ml. alwquots oI n- buty1 acetatep Between
T T - N
cach extracTi: o2 two phases we“e mlxed thotoughly on s
a Vortex mirer and*sepaaated\on 2 clinical centrlzuge,
The n-buiyi®acetaie 4 cop Wayf” was di”carded and the- . -~ L
) \ - i ., N ‘-‘ -~ " - ,,. \\§ . ‘o - L ;_ - s - .' . X -
remaining sample was taken Lo ¢ yness at, 60 over NaOH .«
{?‘§ pel;ets and Pgo5lwhile endet as oll puhp vacuum D Mlowlng-
the acdltlon of 150 Ll of deionized dLstllled water ‘a C
, o : ‘ o
" sample was emoved fOf dansylat lon and the oeptide .
: S 5, \! . : ’ o

[ e}

th

cl

@]

degradation.

B
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V. Disc-gel Electrophoresis
l * |

l

The general procedures and materials used were

v

those descrzbed and supplled by Canalco (Canal Industrial
Corp@ratlon Bethesda, Mafyland) in thelr 1968 1nstructlon

. ¥
manual for Lhe Mocel 12 Canalco System. Slnce the iso-

electric'point of SGT was too high to use the pH 9.5

'system, the pH 4.3 system'with 7 1/2% acrylamide gel was

used. This system stacks at pH 5.0 and runs at pH 4.7, /;
Samples were run at 4 mA per tube and 12.5 volts per ~uw

for 2 hrs w1th 5 ml of O. Ol% methyl green (w/v zdded

the top bhuffer compartment as a tracking dye. The boytom
'/, 3 ‘ . ' ‘\ ! 1 ‘

clectrode was the cathode during the-run but was rever.ed
for destaining electrophoreticaliy]l The gels were stainRd

for 2 hrs in a 0.5% Analine Blue Biack solution which was

.

!

7% in racetic acid. ‘Gels were also -stored in 7% acetic acic..

1)
L4

o . 6. Ultracentrifuge Studies ' ,

| s e

~ : - %
P S g . . ‘ ¥
A;l.molecular welght dzterminations were pe}formed

. -
51nw a(gplnco Mocel E ,analytical uLtracentrlfuge equlpped .

. . ‘\- v
with an‘eLectr01lc speed. control Only»the low speed e

A h

‘ sedlmentac\on equwlloreum prjceouro was cmp1oved as .

it E . ’

lde8c3>Led bv Chervemke (19/@) (123, * ThE%Q-utudleS were

BRI
o

X
'Fonltored w1cb a Rayle;ghﬂlnte/hueence optié al system‘
accordin@ to Richarﬂh -~ 1 Schachman. (1959) (124). A S
mulelckannel sapphlre w1ndowed cell was used with con- -

centrations of 1 mc per ml, 2 m er ml and g per‘ml’
. - ; : =R

e . ) el

N
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4

'SGT in 0.5.M XCl, 0,05 M sodium acetate, pH 5.0 buffer.

Conditions of runs were as follows: Temp. 20°, overspeed
- ”.(

time 3 hours a

3

, noversneed RPM 26 00, cq'll ikrium sSpec

15,000, equilibrium time 18 hours. Other paraméters'used
for calculations were the partial specifﬁc volume (V);O;7l7

cm3/g as determined for ﬁumanqﬁrypsin'by Travis and Roberts

(1969) (5;),'the solvent density (Pt) equal to 1.0z44

v

- L, . a ‘ae ' ’
and the refractive index increment 3% = 0.185 (assumed).
Cp., or the initial concentration of protein, was

deﬁermined as accurately as possible by using a double

sector synthetic boundary ceil. Apparent molecular

weights, Mwapp,wwere calculat ed from the slope of ‘In ¥
'versps r2 plocs,

inge dlsp'accmenf r=distance

from the axis. of ro ;ﬁloﬁfﬁﬁﬁappz apparent weight average

»

. - - < . M N <,
ol ular welgnt). All calculations were parformed with
N -
the ald of an IBM 360 computer under the opT ,direction. ‘

‘of Dr. D, W, MceCpbbin| with ggograms made availablelté us -

_ . . ) B » o R
by Mr. W. T. Wolodko. . I | 4 e
'WQ7~Y.-'h S e o ' a

H. Optical Rotatory Dispersion and Circulay Dichroism

‘ A ¥
. : . . ! )
i ‘Measurements - . o . W
. _ .) s - 4. o . ¢ _‘ & é}l T '
. N ) K . . . . ' . . . - , . R
e >3 . o . ) s . . . )
Opg¢Cc} %OtaLOLv dlspe on RD) @nalc1rcuLar—

* R T o

R . . -

(

sio
a ;{\ ‘* . K ‘J . i k ’ o
dlberlcm (Cr mgasu:ements were c'j _1ed out irg he

v

. B o ;
Jaborato ry of Dr. <, M. Kay by Mr. X, Oikawa,whoSe
‘ : e

skilled'aséisténcé ;s gratefully ackrowledged.

;
"\‘“
[
o
Uy
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O(\qompllcated dlsper31on term whlgh depends not only on
e the heliq@l structure but also on env1ronmental
fac tor SUCFYES snlvaent, temperature and ‘the nature
‘ L s
of the residue:side chains (128)- ) ‘
1 - optitél'path length in dm
¢ = concentration in g/10C .. " )
m. = avetage~residue weigh .
n = re;ractlve index of the solvent

Data computed in the usual manner with Em‘i Azé x%/&%

24

plotted versusnko/‘xz—xo n +he abscissa was used.to

eyaluate”pfptein solutions at each pH studied with respect
to bo which is the slope andtao\which"is the intefcept,
The value A\, ‘was taken as 212 nm and ths per%éntage a-helix

was calculated from b assumlng ﬁhat 6AO degrées

chgf%cterizas_a -ul1y c011ed “lght handed @—h Tix (129) .

The mean reSLdue rotatlon ualues tm§:233 [:of

~1%6,000° and -gﬁooo° for completely a-helical and random

"c01' p61vpept1des resnectlveIV, were used for calculation

of percent Q—h elix at 233 nm. ' ? 4
' . ° For CD measuréments thé following equation was

. y

) 3 N - N N 'f.- ) "Q' - . o B
arsed to obtain btne mgan residue’ moldcular geliipticity: -
4 . . - :

' v N [ '
e sy .
r . ,%‘e%: 'em‘\ o
T T IE R -
. * _. © ‘9) 1. s { ' ;
S Whersz m = the mean r851due molecu qr“welght b
e Q :]the protcwn conhentratlon in g-ml '

-~ 3

1. = the lgbt path 1ength 3% the'cell in Qm_

-

)
1
o
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A Cary Model 60 recordingﬂspecﬁ{opolarimeter
equipped with a Cary Model 6001 CD attachment and water
cooled lamﬁ housing &és %sed fo:,tﬁese meaglirements in
accordance with methodologv described by'Kéy and Oikawa

“(1966) (125) and Oikawz et al (1968) (126). Samples of
SGT (0.7 mg/r..) were subjéctedfco visible (550-300 nm)
and ultrav;olet (250 200 nm) ORD scans at’ pPH 5.0 through

to lO 5

. «

i t1trated to

.All sclutlons@wlth PH values grea ter than'ﬁvo contalned

A 'r'i: B -

20 mM glyCLne

4
O 2 mg/ml In ORD experlments the a—nellx cdﬁtent
' . H o ,
was{éalculated for each pH value studied using the
o T e .
Moffit eguation (127). This eguation is as.follows:
o . (e . -1 ’
K .
™o ¢
im'| = : |
. [ J ) 2 y
S b T
where. . ‘ S >
.a  =jreduced megn residuz rotation
. b d
. 100c i
cay = 0% = spesific rotation .
i - le E .
,’ 4 E
Cw . ¢ )
2 = observed rotatiQn. ..., s e e ‘ , |
£ : S T e L L - :
A= wéVelengtH'ét‘wﬁich‘rbtation"is measuréﬁ
" b. '=-a constant (Seno tch Lo envmronmenuaw awges
and essentwa{§y.an 7n;r3n51c p“ooert* of the heliczl
'skeleton (127 )
- ¥ : \ .
v L
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e .
S
]

theﬂmean residue molecular elllpt1c1ty in degrees

me/dmole ’

' 6 = observed'ellipticity
Refcorence values used for determination of percent‘a—helix
came from the wOrkMQf'Greenfieid and Fasmah {1969) and

. . . . \

are inherent in the expression below (130).

- 0
(o % aq-helix = [6]2081’1111 4, 00f .
33, 000-4, 000 \

I8y

I. EBEnzyme Assays

:jﬂ (1) Spectrorhotometric Determination of N-benzoyl-IL-
ardginine ethyl -ester (BAEE) Hydrolysis by SGT -0

zThe hydrolexs of 1 mM BAEE, in a total reaction
wolume of 3.1 ml'containing 10 mM CaCl,, SO M Tris/HC1l

U Ve, A
t pH 7.5, was performed‘at 254 nm with a temperature of

~

§O° on a Zeiliss slngle beam recordlng,spectropho toneter
f(VDQ TT 1nd1qat1ng instrument and M4 Q III monochromaLor_
with a Qargent Model SRI Recorder)(lBl).< Tbe\’s1;_3ectrop_ho—~

: co N B ]
- tometer was zeroced against:-the subetrate'selution;and'the

7N . .
i A . / , - . .- B ~
\&Jrﬂginal optieal deﬁsityiafter complete reaction with SGT,

waS'approyimatelv 920 in a-l cm cell (d'11tion due to
. C ¢ ' , :
additzon of lOO il or enzyme eolutlon was taken-cn§0§

N kS . N
'accounty,f One unit oi enzyme act1v1ty was tn@; acle;§

*au’which,would.ﬁydrolyZe'l umole Qﬁ(sgbstrate\per min..

Specific activity (SE) was defined- as units of ‘enzyme

.
)
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activjty‘per mg of SGT. The relationshipfbetween*SGT(‘
. : . :.‘._“ ; v-. ) 'l}rll ‘ = :
concentratlon and Aéggm was'1372;optical*density,uhits =

\

T e [
A lll\j/ EYS = S

(2) The pH—stat Determlnatlon of N acetvl L tyrosrne (ATEE) :

ahd BAEE hydroly51s by Pronase Enzymes

EsteraSe activityﬂﬁas measured in a pH—stat with
a Radlometer TTTla tltrator and Radlometer Tltrlgraph
Type SBRZC recorder w1th a temperature controlled water

jacket and nltrogen purged reaction vessel»essentlalWy

,accordlng to the procedure of Walsh and WllCO (1970) (132).

’

Assay” condltlons were the follow ng: 10 mM BAEE or ATEE,

20 mi CaCl2, O,luM'KCl, 10 mM Tris/HCLl, pE 8.0 with a

rotal volume of 3 ml maintained & - 25° .  The enzyme

volume was usually 100 ul. “Enzyme units and specific i

]

o,

agt1v1ty were expressed as stated earvkﬂr,NEWhen D20
L - .

- (deuterium ox1de) was used. the pH2 was” assumed equal tov

‘pH' + O. 40 ~where 'pH"Was'the rezdlns on the pH-meter

when D,0 was tle solvent (133) All;titration5>Were done

w1+h sLandardlzed sodlum hydroxide (O 2 M) at pH 8 0

.unless Otherxlse spec1r1cd in Lesults. Sodium deutrowlde

. . ¥ .
(NaOD) was made from'DQO and NaOH for -ne heavyfwater
: : .- ' o , »

‘ < .
‘expérimernts. '



(3) The pH-stat Determination of Oxidized Insulin A and B

Chain Hydrolysis by Trace Contaminants ih‘SGT.

Conditieﬁs;were as :above except that 10 mM sodium
hydroxide was'ased-and :beAbH—stat was’setjﬁo titrate at
pH 9:Ow OXidized‘chains were asSayed”separately under the
followlng condltlons- 2.5 umoles of substrate ln 3 ml of

standard pH stat solvent (see above) ‘and 25 ul of 10 mq/ml

‘SGT (SA = 128 Units/mg);

S (4) Spectrophotometric Determination of PNPA. pﬁ?ltrophenyl_

acetate) Hydroly51s by Pronase Enzymes”“

The procedure followed was essentially that of

Wahlby (134). The reaction was followed on a Beckman DBG!

double beam'reeording séect:ophotometer at room tempera“

Substrate was prepared by diluting 1 ml of a ‘stock soluti

Of absolute methanOL 35.4 mM in PNPA, with water to

lOQ ml. A 1 ml portion of thls solutlon was then added

to 1.9 ml of 50 MM - sSdidm phos'pha‘t:e' puffer, pH 7.0 in_a
o ) ) o ) f" L:_ff :1 . v ' o
1 cm pzth length cuvette. An équal. volume was added to

? O ml of buffer in . the re: “2rence cuvette, The reaetiqn.

was started 1mmedlatelv after thelmal eGUlllDTJ um was
' ?t\
established by ad(ustlnd the wachlae to &OOQQh and addlnq

a 100 ul voluﬂe of enzyme.solutlogu. Results were expressedr

N

in-na homﬁles hydrolyz ed/mln/ml of ensze solution, added (20) :

- - "
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'ethanol was added and the fractiohs were_read,at 570 nm

71

{5) Assay ‘for CarbexypeptidasevA Activity 1in SGT

The procedure used was a modification of the

Yo}

method of Narahasni and Yvanagita (1 £7) (10) as det alled

\.\‘. . - ‘. . .
by Jurasek et al (1971) (20) . The substrate was 20 mM
carbobenzoxyglycyl ~-L-leucine (cbzGly=~Leu) 1n 0.2 M sodium
borate buffer PH 7.6. After addition of O. l ml oL'eLzyme,

reaction was allowed to proceed at 37° for 15 W1n ano

stopped by addition of 0.6 ml of ninhydrin reagent., ALL&Y

i Be
in

o2

a

heiling water bath for 15 min, 2 ml of 50% ..

on a Gilford model 222A uingle beam spectrophotometer.

-The nlnhydrwn reagent (135) was made UD during incubétidn

by adding 1 g of ninhydrin and 0.15 g oL hydrlﬁdant1n to
37.5 ml of metQVI cellosolve. ThiS'was alliowed tp dissolve

and 12.5 ml of 4 N sodlum acetate puffer pH 5.5 was added.

L}

J. Digestive Procedures with o-Lytic Prqoteasse,

-

Trvpsin, a—Chymotrypsin‘and“PeEsin

(l) Dlgestlon of Cyanogen Brodee'Vra%mehF Cn-1 £rom

SCT w1t“ - lvth Proteasc‘

)
”

The substrate, cn-1, 'is an s-zminocethylated

- cyanngo . h*omide fragment found toO be very metastable

, T. .
with LespecL to SDlhlelL‘ ;n'most'aqueous-syetemeg,
-Therefore; im ordegltd sot ubLllZC this- Farge peotide

‘ o LN\
(ridlecular welghL epprox1matelx 16, OOO\ 12 ml of DO%

e
T ' "J.
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acetlc acid wes added to 300 mg (18.8 wmoles) of lyophilized
peptide, and on dissolution, 60 ml of water was added

(Urea was found unnecessary when 50% acerlc acid was used.)
The temperature was maintained at 31°. The pH was ad)usred-
to 8.2 with 29 ml of 6 N NH46H after a@dition of 3 'ml of -

N~ ethvlmorphollne and 3.6 hg of the protease was added_
immediately. The enzyme was added to the solution very

rapidly after titration as the peptide was found to come

out of solution at this pH, over .a short period of time.

s

Reaction was followed turbidimetrically 2t €60 nm until

40 min had r=aspired. Another 3.6 mg duantity ef a-lytic
protease was added at this time\andxthe digestion was
finakiy'stopped after 128 minutes bydfreezing the sample.
This final addition of :~-vme brought the'molar;enzyme L
Jto suEsrrate ratio to 1:50. An insignificant precipitate

remained aftef? centrifuginc the sample prior to lyoph-

ization.

=t

i

11(2) Trthic Digestion of Cn-1 Cyanogen Bromide Fragment

from SGT

Pr,jor to digestion,f3.4 puméles of Cn-1-fragment

‘was dissnlved in 3 ml of 50 mM acetic acid,'B M urea and

3

fo: 48 hours agalnSt 20 liters of 50 mM

achlc ac1d in a constant Zlow dralVSLS apparat@&‘ ‘after —
v ; )

adjustmenr-o: the~solutlon.eo PH 8 0 by tne addition of O 1 N

-, : . ) Ve, @

NH ,OH, considerable precipitation occurred Digestionﬁh
s &x < N B : ~

cs::i,‘ :

"was initiated by the addition.of l_ml,ef avl,mg/mi solutign
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‘t.“
of TPCK-trypsin to the 4.5 1l volume at 25°. The finely ‘

:diapersed suspension :did not appear to clear during the-*

b

'&3 ﬁﬁ%incubation time, although digestion did occur as
:NQQOH (b.Z M) was added‘by the titrator throughout the
reactlon period. The reaetion was terminated by addition

»u;gﬁ{' of acetic acid "to below pPH 4.0. The precipitate was’

PR ,

| ’ removed by sedimention in a clinidal centrifuge'ahd the

pellet washed tw1ce ‘with small allquots of 50 mM acetlc‘
ac1d. Both pellet and pooled supernatanto were retalned——

t

he latter being applied directly onto paper for electro-

\ _phoretic separation.

J& !
fj (3) Tryptlc Dlgestwon of Performic Acid Oxidized SGT _

. ‘i " After petfdrm?ﬁacid.oxidation (this chapter,
\eectign_K7) 23% mél(lo pmoles) of SGT was dlssolved in
100 ml of 50 mM N—ethylmorphollne acetate, pH 8. O 8 M
\irea and 1mmed1ately dlalyzed against 26 £ %3.2 x é
‘changes) of 50 mM N~ thylmorphOLLne acetate; pH 8.0 for
24 hours at teomytemperature ' To this stlrred solution
(l49'ml)'was added 2. 13 mg of tryp51n (lPCK)~and the

dlgectlon allowed to proceed for 4 hours at room, temperature

The reaction was terminated by freezlng and lyophlllzitlon.




W

'}

S a. Digestion of Cn-1

]

T
\
'
o
2]

(4)‘Chymotry§tic Digestion of Cn-1 Cyanogen Bromide Fragment

from SGT and Maleylated Performic acid Oxidized SGT

Maleylated S amlnoethylated Cn-1 (200 mg) was
© N
'dlalyzed free of malelc acid and urea, against 50 mM
N-ethylmorpholine acetate, pH 7.5,at room temperature.

This 500 ml solution‘was clear on initiation of the

'digeStion'but became slightly opelescent as the reaetlgg/////

proceeded. Conditions for digestion were asvfollows:
200 mg (12.5 umoies) of Cnef, 50 mM N~ethylmorpheline
acetate, pH 7.5, 28°, with 10’&@ of a-chymotrypsin 01:22
Molar Ratio) for 37 hours. The dige%tioﬁvmixture was

contlntally stlrred £till the reaction was halted by

A
voe

addition of concentrated formic acid to pH 3.5. The

: sample was 1mmed1ate ol“eed in a 60 &e31ccator for

hdemale¥1atlon 2s H°SCt1bed in thlS chapter section K4. 
. . \

b._»Digestionﬂof'Maleylated\Performic Acid OxidizedeGT

The dige;ﬁiOn was started. by adding 13.0 nanomoles

”

of g~chyﬂ?trypsin to<2;7-umoies of maleylated performic

zcid oxidized SGT dissolved in 5 ml of 1.0

morphol ‘ne acetate, pH 8.0. (=200 frolar ratio enzyme
to substrate). Reaction was allbwed to proceed at room S
wemperamute w\th autumatﬁf Tdd' ion, of O 2 M thOH by the-

,tlttator to mainhtain a vH of & O/ The mateLAaL,appcaredj

A\
\

cleag when the 3eaCtlon was termlnatea by lyophilization’
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after five hours.

D s
- '\(5)v Peptie'Digestion_of TLCK-SGT

/
/

- R typicél digestion was dene in 4.4 ml of 5% [
formlc acid contalnlno 23 mg | (l umole) of inhibited SGT
ﬂnd 2. 16 mg of pep51n The sample was reacted in~z 10 mi

round bottom flask for easy lyophlllzatlon and 1ncubatlon

was carrled out, Uvernrgnu at 370. The digest was
lyophlllzea dlrectly and was found difficult to redissolve

'1n glacial acetlc ac1d However, when applled to Whatman

3. MM over 25 éﬁ and electrophoresed at pH 6. 5 a1l of the o o

umaterlal appeared to dlssolve in thi's buffer.

. Lo M -

- ‘ {q K. Chemlcal Modlflcat1on of Protelns and Peptldes

B - H <
ES : , ! ,

¥ (1) Cyanogen Bromide Clgavage of SdT

ethod of GrOSs “and Wlekop (1962) was used . [ o

e%cess of reagent to methlonlne re51dues 07

Hly (136) The reaction consrsted of f

e A i

‘g of cvanogen bromide. After 18- hours M», ,
v 7 ‘

'rature a ten fold excess of water wasvddded‘g

nd the prote;n solutlon wae lyof ilized. U/ o
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(ﬁ)'Recuétion and Ss-p-Aminoethylation of Cyanogemn
4 Y. L ‘ :
RN N . .
'.Eromlde Fragmentation I'eptides from SGT : -
. . T o~

' i ' S - R

'The procedure of"Rafterf andsCole (1966) was used S .
_'as described below (137) The1cyanogen bromide cleaved

. product (800 mg) was dlssolved in 120 ml of urea—Amedlol—

EDTA buffer (7.5 M ureang.l M'Amedlol (2—am1no~2—methyl—

l 3—propanol) O 3 mM Eﬁ%A), pH - 9’% and the protein “ g

»fragments allowed to denatule at room temperature for one

hour,'at which time 0.8 ml of mercaptoethanol was added
. >

Thls solutlon was ‘allowed to stand éearnlght 1n a N5
atmosphere. Ethylenlmlne-was added to the_stlrred reactant
N . Tl . . . . . ‘v»\\n
solution under a N5 atmosphere while beinq autOmaticaIlyg
tiggFated at pH 990 with concentrated HCL. Addltlon of

v

‘reagent was made 1n approx1matel§’l ml;allquots over 165

-

minutes till a total Of 16 ml was added.~.Atbthls time the

rate of HCI1 uptake had markedly decreased. The‘product'
sQlutlon was unclegr after?reaotion'agd further - T .
Kprecipitation occurred on«subseduent dialysis against
0. 65 M acetlc ac1d—~8 M urea’ followed by O 65 M acetic
acid alone to ellmlnate urea. . This. stepw1se dlaly51s

“was found necessary to obv1ate the sucden and much larger

prec1p1tatlon follow1ng‘lmmed1ate dlaly51s against ,

Qg%etic ac1d. . : : ]. : o ' | ’ .
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'fB) Maleylation of Amino Groups in Performic Acid.Oxid%?ed !
: : ‘ ‘ N [

. < o ‘ '
SGTqand'SfAminoethylated cn-1 Cyanogen Bromide Fragment -

t k B ’ ) H

Faa™

4 2

The generalipracedure~of Butler gt al, (1969) was

M

used (138) Reaction was carried gﬁt with the pH-stat in =\
- : ® .

96 ‘ml of O. 2 M sodium borate buffer PH 9. 0, w1€b 2.7 : ) ©o

umoles of performic acid-oxidiZed SGT. Maleic anhydride o "\~

_ s v .
was dissolved in. 1, 44dioxane to make a 1 M sq}ution.- The °

\\

pH was automatically adjusted to pH 9 0, akter each'
| addition of reagent, by 1.0 N NaOH.. Additions of 1.6 “1». b |
were made every 5 min: for 20 min. .The Derformlc ac1d
oxrdlzed enzyme wes 1n1t1ally 1nsolubie in- thlS buffer
system but was\iolublllzed w1th maleylatlon i' '

i j' Maleylatlon of 200~ mg (12 5 umoles) of the cn-1
cyanogen bromlde fragment ‘was performed in 320 'ml of
25 mM sodium borate buffer pH 9.0, 50 mM mercaptoethanol
(to reduce carbamylatlon) and58 M urea. 1tratlon at
pH 3\0 was performed automat{cally w1th addltlon of 1 N
‘NaOHqias 2 ml allquots ‘of 2 4-dioxane, 1 M 1n malelc
anbydride, were added every 5 minutes fo; 50 mlnutes.-, . ) .
‘The Plear solution was flnally dlalyzed against two{ |
. nes Qf 50 vaNfethylmorpholine acetati,‘pﬂ 2.5.3

ars at room temperature.
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I

(4) Demaleylation of Amino Grolips of Samples
. : - ‘

1n Solutlon and on-~Paper.

Demaleylation of'maleylated polypeptfdes.and,’

Py

proteins was done as suggested by Butler et al (1969)
EN

-%mhere the condltlons are essentlally pH 3. 5 at 60 for

~.

6 hours,(138).

were demaleylated to tdke advantage of the diagonal: >

_ technique worked out by the Hartley laboratory (138),

~

2

a 60° desiccator .was utiliZed and the guide strips to
be treated were wound about a glass spiral and, 1nserted
along W1th a small volume of PH 3.5 pyrldlne acetate

buffer, 1pto.the desiccator, A weak vacuum was applied

-

with a water”aspﬁratorhand the desiccator was incubated'

for 6 hours. The paper strips were then dried by

evacuatlon 1n ano%éer\geslccator in preparatlon for the

»

second dlmen81on of the diagonal procedure

The procedure for solutrpns is 1dent1cal w1th ‘the .lb

In the case,of peptides op paper,'which

exceptlon that the solutlon was usually brought to pH 3.5

- Q\cg (57 Acetylatioh,of SGT -
The procedure of Oppenhelmer et al (1966) was'
followed with the exceptlon that 3.0 mg/ml SGT wa's used
/.
instead_ of:10. mg,ml 55 used by the former authors (56)

it was thought that a decreased concentratlon mlght

mltlgate any tendency for the acetylated enzyme to
b

8

with formic acid and the flask closed with a teflon stopper.
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4éqgregate.ArUnforFunately; this was ﬁéﬁ the case. The
reaction wag'peffoﬁ%éd iﬁ~a>§ﬁ—stat tiﬁraéing with 5 N
NaOH while maintainipg the téMperature 4t 4° énd‘the.pHﬁ
at 8.0. \}o l2°mg‘o%.enzymé‘iﬂ 4.0 ml of water was added
five 0 ul additions of écetic aihydride over 40 miq.

. The samplefappeared/opaleScént after 30 p1 was_added and
continued to precipitate thereafter.’ The~insdlg%le
-7 .. suspension was then dialyzéd'overnight'at‘©§ against 4 £

of water titrated to pr4_O with acetige acid, The'pre—/

‘. cipitate and supefha;ant were then separated by
- : ; , ‘ J
centrifugation. " a

, :

'(6)' Carbamylatibnidf the NH2—Te§ﬁinus'of SGT with.
| PotasSium‘Cyanéte A
& . .
- in_pn attémpt to specifically block the NH,-
- terminal d~amino'group ;nFSGT/ it Was‘tﬁought‘possible

that the different pKé‘s:of the a-amino. and e-amine

7

i - _ .
groups (approximately 8.0 and 10.5 respectively) could

pe'taken advantage of, as ‘it is known that a-amino groups

: B : . ‘ ‘ :
will react with potassium cyanate (KNCO) appfoximately |

_ u‘ - 100. times faster than e—émiho groﬁﬁs a£ neqtralpr kl3§).
‘As a conSequencé, the a-amino grOup’ﬁight be selectivély'
modified. "

l,The procedure of Rimon ;ﬁa Perlmanp (i968),for

ghe carbamylation of thé a~-amino termihal leucine of .
pepsin, was used (140) . The enzyme was brought. into

-
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Solution in 5 ml of waterfin éhe reaction vessel of rhe
o , : - " . ? ' RS
e " pH-stat and O,4_g of KNCO .was added. .The pH was maintained

at 7.0 by automatic titration with 6 N HC1 during rapid
- ° | ’
mechanical stirring and the temperature maintained at 0°.
' D) .
The soluble product after 150‘min of reaction, was.

v

dlalyzed aga‘nst 12 4 of 50 mM acetnc ac1d pH 3.5 at 0°
ror 20 hms and flnally lyoph11lzed ;“

(7) Performic Ac1d OXLdatlon of SGT. and Peptch?ePtldes

[

pf SGT on Paper
- Performicjacid oxidation of SGT was- performed
e 1 I =
/;4 accordlng to the method of Hirs (1967) (141) for cleavage

’1“{of dlsulphlde bonds. In general, a 10 fold excess of

]

IR reagent.over thexquantity required to.gbhieve oxidation -

of “the sulphuf'contalnlng re51dues was used ‘A typical

reaction’ utlllzed 1 umole of SG1 dlssolved in 0. 32 ml.
{

of methanollc formlc ac1d {1 m:i: methanol: 5 ml 99%
A f—w-'} o F . ) '
:formlc acid) and 0.53 ml of performlc ac1d reagent at
3

(salt ice bathy. The reactlon was termlnated after - A

\6\5 hours by dllutlon w1th 25 ml of water at'O°_end\
1omed1ately lyophlllzed The perfoghlc .acid reagent

. was prepared by 1ncubat1ng a mlxture of 1. ml Hy05, with
S 19 ml of 99% formic acid at 25° for 2 hours. ; | -
Performlc ac1d ox1datlon of peptic dlgests of f'd: 'q§f'
‘SGT-was_performed~wh;le_;he peptlc‘peptldes werefstlll

on gﬁide strips of eiectrd%herograms}‘ This technique



.o . . ) o i
.was usedgln con]unctlon w1th the dlagonal mapping procedure
for detection. of dlsulphlde bond peptldes. Guide striBs
were s;mplyuenbjected to performlc acid fumee from the
above mentioned eolutiongin a closed, Qeakly evacuated

. desiccator for 2 hours. After this.time the strips were

dried over NaOH pellets in vacuo for at least -1 hour.

(8) Active Site Directed Inhibition of SGT by TLCK

The reagent TLCK was used according to Shaw (1967)

to inactivate SGT (142) . This procedure was used exactly
b IR A '
as deScEibed by Shaw for the preparation of ifactivated
enzyme to be used for chemical characterization. For
studies of the rate of inactivation the procedure was
modified’in the folldwing'manner.' The buffer used'was'

50 mM tris r leate, pH 7.0 containing[5_0 mM Caclz. An

enzyme solution of 2 5 mé/ml and inhibitor solution of

0. 25 mg/ml were made up and the reactlon started by mlxlng
both and 1ncubat1ng at 30° in a c1rcu1at1ng water bath
Samples were taken with time and ifsayedzlm@fdlately u51ng
the standard spectrophotometrlc BAEﬁ assav>prev1ously

iscussed. Samples of 10 ul were taken and the reaction ,
~was virtually complete in 30 m}nutesi The inhibited
enzyme was dialyzed}against water §bernignt’and~

: o , ; ‘

o e e

lyophilized.
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${femoved for performlc ac1d ox1datlon

%ésjdescfibéﬁ{in:this (lapter ‘section K7. The oxidized

gulde strip W?
A/‘\

)

pfoduéed by ox1datlon of the dlsulphlde peptldes
i = \ :
“5 ™

’ nt 1n thé 1n1t1al electropherogram were found to lie

off he dlagonal produced by all other peptldes whOSe,
moblllty I.ad not. been a fered by the ox1datlon - .

M. §gecificity Experimojtéﬁwith Oxidized Insulin A and B

f;f Chainsu-///’§~ » ,

.t -

v

All experiments were conducted using SGT which

had been'purified on CM-Sephadex, followed by ohromatog;

'faphy on SE—Sephadex‘and finaify BYo-Rex-70, The spogifiq_

/
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s

e

N WB chaln (L umole) at'a 1l: 20 motar ratlo and l 1000 molar

Y

‘”1n 3 l ml of 0.1 M TrlS buffer containing 50 mM CaCl, at

0

&

, : . . . ‘ ,. i - . . /
’( [ e \o ’ ‘ ‘ 2
ro B Ae ) .
“activity of the enzyme was 154 Unlts/mg SGT. Digests

; . .
were done w1th enzyme to substréte molar ratlos of 1:20 . ~
< ' 4
and 1: .1000 in 1 ml of. 50 mM Neethylmorphollne acetate "

buffer, pH 7. 5 for 1 hour at room temperature. substrate

concentratlons were 0.125 ‘umoles/ml for all experiments.
Enzyme inhibited w1th TLCK was prepared as dlscussed in
[ - Y s

thls ch?pter sectlon K8' while’ enzyme 1nh1b1ted w1th 3

TPCK was done accordlng to the procedUre of Stevenson

and5Smlllle (l968) (144) . (To 0. 1 nmoles of SGT dlssolved

H 7 5 was. added 100 nl of ethanol | followed by~0 4 mg
(1 '0 nmole) of L TPCK in 60 nul of ethanol to glve a molar
excess of TPCK to enzyme~of 10:1. Reactlon tlme was 2 5

ﬁgs at room\temp? The prevlous experlments were Carried

c out to test the effects of 1nh1b1tors and various enzyme_

to substrate ratlos, u51ng small quantltles of substrate.

‘-

The procedure used to prepare peptldes in larger amounts

1nv0rved dlgestlng 1 mg A chain (O 5 pmoles) and 3 mg

-~

) ratlo.' Digests were streaked on Whatman 3 MM and peptldes

- Wwere 1solated electrophoretlcally as described in this

chapter, sectlon C. All lsolateé peptldes were subjected

to amino acid analysr;’as descrlbed in sectlon Dl of thls -

b §

. chapter. : T ‘ R -,
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N. Automated Seguence Determination of SGT .
. b S .
i~ ‘ * o

The Beokﬁan 890 B Sequenceri&asmused‘tgfyerify”“”m

. the sequence of SGT for thre first 55 residues. ' Procedures

used were essentlally those of. Edman and Begg (1967) (145):
The sample was brought into solutlon with O. 35 ml anhydrous
: i

trlfluoroacetlc acid and dr .. - down in the splnnlng reactlon

cup. Thls materlal was thei. washed with l—chlorobutane
contalnlng 0. 005% 1,4- butanedlthlol (v/v) dried in vacuo
and sub]ecte to the normal automated sequentlal Edman
degradatlon us1ng Quadrol buffer (N, N, N N'—tetrakls (2-
hydroxypropyl) ethylenedlamlne) The 2-&nilino-5-thiaz-
ollnone derlvatlves were too unstable for 1dent1f1catlon

quoses and were converted to PTH derivatives (3~ phenyl—

22 thlohydant01ns) by 1ncubat1ng in 1 N HCl at 80° for 10

minutes; ,All‘samples,w1th;the exception of PTH aspartic
aoid,VBlutamic‘acid, lysine;'aeparagine, glutanine,
isoleuoine and leuoine'were inﬁected directly into a
Beckman GC 45 gas chromatograph fltted with 1.2 m x 2 min,
(1n31de dlameter) glass columns packed w1th 10% sp-400.

Approx1mately 10% of the sample was applled to the GLC

whlch uses a hellum carrier flow rate of 60 cd pex min
rand‘a hydrogen flame_detector sYstem. The column mas.

'developed under the following condltlons- 2 mlnutes

isothermal at 165 followed by a 16 min rlse "phase

‘through llO° to 275 The remalnlng rev1ously mentloned
g P ,

’re51duos were treated with BSA (N, O—blS (trlmethy151lyl)—

acetamlde) for conver51on to the 511y1ated derlvatlves

BN

84
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.Arginine was identified.qualitatively by the phéganthrene—
gquinone method of Yamada &and Itano (1966) (146) and

‘histidine was determined with the Pauly reagent (114) .

i
\

0. Determination of the Molar»Extinction Coefficient of SGT

! -

s

sampleslof highly purifled'SGT,lﬁ mg each,
v%d quantitatively'in 3 ﬁl of deionized
dlstalledwwater at 4° ~Two 1 ml samples were taken from
each to be hydrolyzed at 22 and 96 houﬁs for amlno ac1d :
analysis‘ The remaining milliliter in each duplicate,
’was used for optlcal den51ty readlngs by dllutlng eacH
sample to 0.4 mg/ml. - The flnal optlcal densities were

read ‘in a Cary Model 15 recording specéﬁophotometer, .
t 3 o’ R

\ Zeiss Model PMQ II- M4 QIIE'spec%rophotometer, Gilford

,Mode1.24Q'spectrophotometer and Beckman DB-G reco;dlng
spectrophotometef and the resulte averagedl The valnes,
for alanine andfleucine‘obtai ed from;fne.amino acid
analyses were.ﬁsed in conjdnction wltn'the known~amino S

acid comp051tlon of the proteln to calculate the con~- « -

centratlon of the solutlons "The extlnctlon coeff1c1ent
could then be calculated dlrectly . ' Q
. .‘ %
“ e ¥
-~ . hY )
A ¢ \ ..
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P. Stablllgy_Studles w1th SGT in the Presencﬁ and Absence~ g o
’ : o 2+ | o : R _”"(

.. . _EC u . ‘ ;'/. ”," .

All studles were carried out at a proteln ! %éb 3%

pH ®.0, 2.0 HCL/KCl 10 mM 1n*RE§ .
| pH 3.0, 3.5 sodium formate 10 mM' in formate:
R c. T - : L : : »T':v* . A"V:(;"\‘ T
~ pH 5.0 . sodium acetate 10 mM in acetate .

pH 6.0-8.0 tris maleate

' PH 9.0- 11.0 sodlum glyc1nate 50 mM-in glyc1neA‘ ;
7 - Bl
The SA (spe ific act1v1ty) of the SGT was 143)U/mg SGT :

&oo wlﬂ

samples of 1ncubated enzyme in the standard spectrophoto—ffa

oncentration of 15 mM. All assays were done‘ 51ng

metrlc assay deta1lg§ preV1ously with the exceptlon that
]

the pH was 8. O 1nstead of 7. 5 _ All pH values were read

before and after 1ncubatlon Incubatlons were malntalned

-

: T at 0® in a refrlgerated ice bath ox at 30° .in'a‘c1rcu—

latlng water bath ASlnce addltlon of 100 ul of sample to
LY

the standard assay sol tizcn constltuted a thirty- fold
\ d¥1utlon£w1th 50 mM trls/HCl the. pH of the assay mlxture
was essentlally unchanged and all assays were, therefore

%

g”\ : COnducted at pH 8.0. R _ “ . o
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oo NG CHAPTER. I1T

CU 0 se mesULTS -
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N ‘} - ‘ ! ’ .
SICOGXCHEMICAL RESULTS

SR T - < ) K ‘ 3 ! .
JQZK..Preparatlve work - . e ~

Inltlal attempts at preparatlon of purlfae GT
Y were -made ut11121ng materlal whlch had been chromatographed

i ; - A @ 6«

f{:on CM cellulose (carboxymethyl—cellulose) accordlng to

)

‘;;the method of Wahlby and Engstrom (1968) (16) Howeveru

4

wthlslmethod produced “lheterogenous ) oduct whlch

sl
m

,nece551tated the use of addltlonal separatlon procedures"

u

to obtaln enzyme of - acceptable purlty Eprthermore,

(S|

fractlons eluted from CM-cellulose contalned ca101um Lo
H - (W
salts angjrequlred exten51ve d1a1y51s before lyophlllzatlon

The lmpure fractlon was applled to a Bio- Rex-70 Qolumn

(

- of dlmenS1ons 4.5 x° 65 cm and eluted w1th a O l N sodlum
_hydroxlde cacodyllc ac1d buffen system at pH 6.1 (109)
A typlcal proflle of such a preparatlve run on BlO Rex 70

is shoanln Flgure 6. It should be noted that an
5

rk)

assymetrlcal peak was: observed whlch‘:;%Ao&edfthe activity

proflle aqg was. assumed to be the: resdlty of autoly51s

vbprodugts Amino. acid analyses performed on both peaks‘ K
l

wére @ndlstlngulshable w1th1n the llmlts of the technyque.

The yleld of . SGT usxnglthls two colunv preparatlve

‘procedure, beglnnlng w1th Pronase B grade, was l%.

o . . . Lo

Qo ~_'% :
(:) ’ 7 . \ : . ' x

~

3
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(1) SE-Sephadex Cc-50 Chrozﬁ;ogréphy of Pronase
. i ) -

Since several other kerg) had reporpgdA f—

cellulose chromatography vOcedures which gave noff/increase
r ' . N . t
in resolution, it was decided that some alternative oo

procedare was required’(lB 134) . 'One of the‘major

«-_,A-\

problems with the present system was the length of “time

the protease’mlxture'was in concentrated solutions during
varlous manipulations The dlrect result of this problem
asrde’fé%m the 1nconven1ence of the length of time taken,

was autolysis.and decreased yieldéaof;active enzyme. A 4

o -
[}

secondary problem of'considerable'importanﬂe was the
1neff1c1ency of the system-—-less than 100 mg of purified
SGT was produced per preparatlom‘

¢

These problems~were frrst approached by turning

our attention to the dialysislprocedure. 1f this was

eliminated the time factor«could7be reduced considerably.

A solvent systém was dev1sed whlch would both buffer at

,pH 5.0 and be" volatlle on lyophlllzatlon The latter

prope{ry obV1ated ‘the use of dlaly31s in the procedure

.{//_ The second problem to be solved 1nvolved¢wncrea51nq

;prOduct;on.eff1c1ency and resolutlon. Since .~ loadlng‘

\ L . } , » oo
capacity and resolution of CM-cellulose was ~~ -r this

-

. exchanger was abandohed and another ion e.changer ihvestié

'gated SE Sepha“\}“c 50 had a capac1ty -.o2.3 0. 3. meq/g

‘and lncluded the addltlonal feature of a molecular 51evrng

<

property ‘The buffer chosen-waSvpyridlne acetate which

89
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hoe‘almaximum buffering‘capacity at pH 5.2 (147) .- This
u.fer was used at pH 5.0 throughout our studies. a

Although this buffer absorbs in the L}ltr'aviolet,()\.max,'=
255 nm), the prOportlon og;absorbance due to maximum
_concentrations of buffer was not a serious drawback to
readlng column effluent at 280 nm. The gradient eystem '
used began at 0. 02 ‘M and 1ncreased in a linear fashlon S
to 0.5 M using 8.6 @ of buffer. A typical fraotlonatlon
of crude‘Pronase 3 shown,in Figure 7. 1In thie‘separationp
‘a yield of between 4 and 5% purlfled SGT was routlnely .

o btalneq\ Although the quallty of thls SGT was acceptable
for sequence studies, there was minor contamlnatlon ?

. from the precedlng peak 1abe11ed SGPB (Streg_omyies

griseus-Protease B) which catalyzed the hydroly51s.0§"

. ATHE (N-acetyl-L-tyrosine ethyl ester)(ZOj.' This result
A _ CTNy

L precluded*the use of,SGT“prepared by this procedure'ffom

‘most kinetic and phy51ca1 studles where highly purafled
enzyme was requlred Slnce ‘the SGPB contamlnatlon was |
clearly the result of talllng, no more than 5 g of crude
Pronase could be applled to the column W1thout con31derable
contamination of SGT with SGPB. Desplte this short-:'

‘ coming the Sﬁ-Sephadex column procedure solﬁed many of
the preV1ous problems. For'emamble ;dialysie‘wae no‘&

1onger requlred as the buffer was volatlle on lyOphlll—'

- zation and consequently, the time requlred to malntaln -

the protease in-a.COncentxated solution was decreased.

e
3
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.Fig. 8: See Facing Page.
CM-Sephadex chromatography of 20 g of crude
pronase on a 5 x 100 cm column equilibsated
with 20 mM pyridine-acetic acid buffer,

pH 5.0. . The column was déveloped in a linear
fashion from 0.02 to 0.75 M with respect to

. . pyridine, using 13 Kters of buff r. Fractions .
" of 20 ml were collected at 100 mi/hx.
- ' , .

Y
s
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E\{%ddition, the yields of.SGT Were"increased four to

l"’”’flve tlmes that of the previous two column system. This

1ncrease in yleld was' belleved tc be primarily a result

‘of decreased autolysis losses:
24
s . .

(2)‘CM—Sephadex7C—50 Chro?atographyrof fronasec
, while the precedind system appeared to peride
"adequate separation of ﬁfonase components when samples
wof 5 g or less were applled to 3‘5 xllOO cmicolumn ca'
xmodlflcatlon of this technlque using CM-Sephadex and
the same buffer, fractlonated as much as 20 g of crude
_'Pronase with hlgh resolutlon Phe modlflcatlg\\lncreased
the final buffer concentratlon but not the slope of %he =
gradient Thrs system is descrlbed in chapter II, Methods
sectlon Al The elutlon(ﬁroflle of a typlcal separation
of 20 g of crude Pronase with this system is presented

in Figure 8. The order of elutlon of enzymatlc components
)is:exactly that observed w1th SE- Sephadex in rlgure 7

It should be noted however,‘that consrderable varlatlon

in quantltles of varlous components of Pronase have ‘been

hobserved when different batches are compared The apparent.

>
y -

'dlfferences in the SE- Sephadex proflle of Figure. 7 and:
the profile in Flgure 8 are due to this phenomenon. For

example the enzyme denoted SGPA (Streptomyces grlseus

'Protease A) was de51gnated as one of the three major
endopeptldases in Pronase and reported in a publlcatlon
’arisingf-in part,»out of this the51s work (20). ~ This - -

o
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.'enzyme has all but dlsappeared from subsedpent batches
of Pronase as 1is clearly denoted in Flgure\B Peak I
in thﬂs figure corresponds to a plgmented material which
jhas no- known proteolytlc act1v1ty while peak IT corresponds
to the leucine amlnopeptldase activity reported by -
Jurasek et al (1971) (20) .. The SGPA activitQ found and
reported in the prev10us publlcat@on is’ represented by
the first small peak eluting after peak II in Figure 8.
This %as shown to be the case by demonstratlng that peak
II had no act1v1ty5towards ATEE whlle the follow1ng small
peak was active. The quantlty of SGPA had decreased
apprOXLmately 65% as estlmated from the max1mum absorbance
3% 280 nm. It should be lncluded that conversely, the
quantltles of SGPB protease, correspondlng to peak’III
in Figure -8, had increased, con51derably in size over that.v
;prev1ously published, whlle little or no change has been
observed»in peak IV, correspondlng to the SGT peak.l
As a result of a chemical modification‘procedurea
used ih structdralfstudieS’to be'described later, a
difference'in the purification of SGT on CMQ and SE=-
Sephadex was revealed,',SGT pﬁrified ohlyvby/chromatog—
_.raphy on the CM—Sephadex~system.appeared to_beaslightly
' contamlnated with protease(s) res1stant to 8 M urea. . &
This contaminant was apparently respon51ble for the
degradatlon of ‘DFP 1nh1b1ted SGT (DIP SGT) when chemifal

‘modification in this denaturant was attempted. (see

“chapter II, Methods section K2). This problem w1ll be

A
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elaboﬁated upen during the presentatien'of results from.
the structural studies to follow. However, in order to
increase the purity of SGT, Pronase waeroutlnely
chromatggraphed on CM- Sephadex and the SGT ‘enzyme was

- further purified on SE-Sephadex C;SO using . a modified
shallOW‘giadient buffer system, deseribedvin Chapter 1T,
'Methods section Ai The modlfled gradient was linear

from 0.1 M.to 0.5 M in 8.6 2 of pyridine acetate buffer

pH 5.0. A proflle of SGT. previously fractionated on’

CM—Sephadex and finally chromatographed on this modified

SE—Sephadek system is sﬁown iﬁ Figure 9. :It is evident
.thet SGT purified tyechromatography.on'CM—Sephadex |
ccntains.uncﬁaracterized material thch is seperable on
this modified gtadient system. Forfspecificity studies
requiring highly éhrified enz?me, Bio—Rexe70’chromatog—
raphy, using the's%dium'cacodylate, PH 6.1 systemj was

employed (109). This system istdescfibed in‘Methods,

- e ‘e Y

section AZ2. SGT purlfled on both CM—Sephadex and SE- ﬁv
~Sephadex as described above was applled to a 5 x 75 ;ﬁf

columr of-BloeRex—7O and eluted w1th.0.l N sodiumv¢ﬂ>

hydrokide-cacodyliclacid buffef. Figure %9 rgprﬁif
a proflle of lOO mg of SGT lsolated usin :ﬁ?' '
'bsystems and finally purlfled on Blo—Rex—7O b
‘ftube from thlS fractlonatlon contalned enz_fy

' spec1f1c act1v1ty of 246 ‘U/mg SGT-—-the hlghest value

,ever attalned durlng these experlments
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Fig.

11:

~ . ' : " \
o L
- ﬂ'ﬁ" i.l._
20 Lg 40 pg . 80 ug

Polyacrylamide gel electrophoresis of 20, 40,

and 80 pg samples of SGT- Electrophorésis

' was performed at 12.5 volts per cm for 2 hours

at pH 4.3 using ‘a 7.5% acrylamide gel.



B. Homogenefty of SGT . &‘
Streptomyces grlseus tryp51n, gurified oanM—

cellulose and Bio- Rex—?O was subjected to. polyacrylamlde

electrophoresis at pH 4.3 u51ng 20, 40, and 80 ng samples
: “{vb\ .
It is ev1dent from Figure 11 that the preparatlons were

pure accordlng to this crlterlon A sample of TLCK

.1nh1brted SGT purlfled on the 'CM- SE Sephadex - column

chromatography systems, defined earller, was electro—ﬂ
phoresed in sodlum dodecylsulphate (SDS) polyacrylamlde

gel accordlng to Weber and Osborn (1969) (148) and was

found to run- as a s1ngle homogeneous band. ' The sample

was electrophoresed in an 8% slab polyacrylamlde gel, -

B

0. 1% (w/v) in SDs. (I am grateful to Dr. P. Johnson who

¢

‘ran this sample whlle engaged in hlS own research )

Further 1nd1catlons of the general homogenelty

of SGT have come from column pro dures._ Figure 9

- presented earller,ils a proflle of SGT purlfled on SE-

Sephadex after an initial fractlonatlon on. CM—Sephadex.
The hlghly symmetrical nature of the peak is 1nd1cat1ve
of the general homogenelty of the proteln Thls was

corroborated by performlng elutlon chromatography on a,

'portlon of the proteln lsofated from the above peak The

-weak cation exchanger Blo—Rex 70 was used for thls

.7 1

fractlonatlon and the result was shown earller in Flgure

. L
10 It is worth relteratlng that enzyme assayed fsp

the peak tube of thls proflle demonstrated a spec1£§c

¢
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activity of 246 U/mg SGT,;—the highest value attainedw;f~3¢£
in any parificatioh-procedhrer' Furthermore, since theilﬁ
enzyme vas active at pH 6.1, shé pH at which this,
chromatcgra ~hy was performed the small peak at the'
breakthrouq? Volume was, in all probablllty, the result;
of -an 1n51grrf1cant amount of autolys1s Therefore;
SG%hpurlfled by the CM- Sephadex SE Sephadex p ocedure
descrlbed above, was hlghly homogeneous bV tﬁ}s crlterlon.ﬂ-‘ .
‘It should also be stated that results obtalned
from»sequence studies indicate/that thefmolecule is
Mg;omogeneous At no ‘time durlng the 1solat10n and o
U%%%racterlzatlon of peptldes arlslng from dlgests of SGT
.was there a peptlde which could not be accounted for ln
- the’ prlmary sequencejof the molecule . ' ' j!..
e Lastiy,”spec1f1c1ty studies u51ng the ox1dlzed
insulin A and B chalns as substrates, 1nd1cated that
while a minor enzymlc contamlnant ex1sted in hlghly
purlfled‘SGT thlS materlal could be separated from the'
'tryp51n iike act1v1ty after passage through Q 195 cm
Bio-~- Rex 70 column _ Lyophlllzatlon of fractlons whlch
contalned this antamlnatlng act1v1ty, but not SGT, | ./
showed no eV1dence of protelnaceous materlal indicatinéA‘-
that the actual quantlty olf contamlnant ‘was Yer .L&Qf

.

3 Furtmtrmore, 1t was shown that at low enzyme to su strate

A
!



BAEE Hvydr'c;lhyse.d_ ( }}m,oleS/min) | |

_ NN S S R ERE R AR VA B T .
~ 1&““%:i;1§  AéOminz‘A - ':  “-l'
.. .Oﬂ—u/.-."o-é—' xép’ﬁii‘_o'_ o |

Plot of- SGT act1v1ty V’ersus pH at various

: 1ncubatlon times. The experlment was;.carried out
at 0° in the absence of calcium ion and activities
were measured spectrophotometrlcally at pH 8 o

. using BAEE as substrate.4. _
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oxldlzed 1nsu11n was ccrrled out at a rate approxrmately .
/

r 90% greater than.that cr.the A ¢ ain. These results

!
s

indicated that SGT as routinely purified‘ was highly
homogeneous w1th the exceptlon of a contamlnant present
in amounts too small to quantrtate by any criterion other
than the presence_of tracg spurious enzyme actlv1ty.
In summation, it isvclear that the routine"
method of pneparatlon of SGT yields a highly homogeneous
<

enzyme whlch contalns trace amounts of non tryp51n-llke

act1vrty separable by column chromatography on Bio-Rex-70.

Cc. calculation 9£che Molar Extinction Coefficient

Usi§g the method detailedrin chapter IT, Methods
sectlon o, the molar extinr- tlon coeff1c1ent at 280 ‘nm
Was calculated to be 3.96 x 10 M. / cm. A more useful' ’
relatlonshlp for routlne laboratory work, however, was '

lcm -
A280nm =1.73 for al mg/ml solution of SGT.

D The Stablllty of SGT in the Presence and

s ., 3

.
. L--—ar"_“-

-~ Absence of Ca2+ ‘ o

o [

_ “The stablllty studles.w1th SGT were carrled‘outlm %
at Oa and 30°, with and w1thout Ca2+.1on, for gkrylng |
tlmes and assayed=spectrophotometrlcally as detalled in
Chapter II 'The stability of SGT at 0° was very good

Jﬁthroughout the pPH range 3.0 to 10. O as shown in Flgure 12

'(

Even after 12 hrs at pH 10. 0 the loss in enzyme act1v1ty :

e T

B : . v . . . N N
Ty Y E S . i . ) N Sy
A : ~ % : S
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BAEE Hydfolysed (pmoles min)
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Plot of SGT

ctivity versus pH after incubation for

24 hours at 3Q°. The experiment was carried out in

the presence ayd absence of 15 mM calcium ion and

,act1v1t1es were\measured spectrophotOmetrlcally at
pH 8 O ‘using BAERE as substrate '
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' Plot .0of SGT activity versus pH after incubation for
25 min at 30°., The experiment was carried out in
.the presence and absence of, 15 mM calcium ion and
activities were measured spectrophotometrlcally at
pH 8.0 using BAEE as substrate.'
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was ly 17%. ‘Howeter,’as observed in Figure 12, activity
i ‘falls off prec1p1tously between pH 10 and pH 11.0.

| Apparently however, approximately 50% of the_act1V1ty'
can be. preserVed ‘up. to l hr at pH 12.0, after which
nearly_all is_lost-at 12 hrs. This phenomenon was;-

reproduciblel.-The”results at 30? with and without Caci2

-~

are shown in Figures 13 and 14. It is evident that the ‘* o
n . .

‘ pH optlmum for extended 1ncubat10ns (24 hrs) at 30° in -
“the presence of 15\mM CaCl2 is pH 5.0 whereas 1n the

,ﬂx\absence of CaCl2 the optimum is pH 3.0.' Indeed, the‘
I
stablllty of the enzyme towards hlgher pH values is

increased in the presence of CaClz.i This stablllzlng
2+ ) _

effect of Ca - 1is observed in bovine tryps1n and other

Serine'prOteases'(47). It should also be pointed out

that like. the PH 11. O'phenoﬁenon observed at 0° there

< .
‘'was a pH of rapld lnactlvatlon observed at pH 2.5, at

30°. This was followed by a pH of hlgher stablllty at
;PH 2.0, similar to the pH 12.0 effect at OA.‘ Agaln these

*were hlghly reproduc1ble effects - : ' - S

The 1atter phenomenon of: 1ncreased stablllty at RS bt
- pH 2 0 and ;2/0”m1ght be attrlbuted to an equlllbrlum ' .

of native an& denatured enzyme For example ‘at pH 's
N greater than 3.0 SGT 1is 1ess stable, underg01ng an 1ncreas-'
ing loss in act1v1ty as the pH 1ncreases Thls 1s pre—

" sumably du tb an’ equlllbrlum between natlve and denatured

S .
enzyme, where the “-natured form is dlgested. However at
. . - . LAY o

angd D : . [ e

. A . R ; [
ST PR
X . - -
¢ . . .

"‘J“
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. 2. N : ' L
pH values greater'than 11.0 the native SGT concentration

may become 'so small that large amounts of the reverSLbly
R

denatured trypsin accumulates. -Slmllarly, at pH 2.0

SGT shows an aberrant increase: in stability which might

indicate a crossover point betWeen'a‘pH Where the

v-fever51bly denatyred enzyme is dlqested by trace amounts

of natlve enzyme (pH 2. 5) and a pH where a more drastlc‘

a - S o~

5

1rrever51b1e denaturatlon occurs (pH l 0). Indirect proof

that material incubated at pH 12.0 and 2.0 is in fact,
L : : : _

.reversibly denatured is obtained when an aliquot of -the
vsolution_is introduceddto the assay system at le8.0=‘

The rate of the reaction increases with time over

appro¥ m tely 5 seconds, at which time it becomes linear.

- -.This bhcnomenon-was not'observed at.any other pH étudied,

It should be mentioned that thls phenomenon of

anreased stablllty at very hlgh and very 1ow pH values

- was also observed“by Green and Neurath (1954) w;th bovine

tryp51n and essentlally the same explanatlon for the
result was glven at that time (49)

- A flnal stablllty étudy was done at a hlgher SGT

concentratlon (5 mg/ml) in 50 mM sodium acetate buffer,

PH 4 9 contalnlng 0.2 M Kcl at520 for 20 hrs. The‘enzyme

lost only 10% of its or;glnal actlvity'over this period of

incubation as‘assayed'spectrophotometricallyb

- 107



Fig.

'15:

Lineweaver and Burk . reciprocal plot for estimatibh
of the apparent Michaelis constant for SGT. The -
reaction was.carried out in a nitrogen. purged PH-

-stgt at p%/1*§ with the temperature regulated at
307. . . o '

9



E. Determination of the Michaelis Constant for SGT

Reaction rates for hydrolysis of BAEE substrate
were followed using the standard pH-stat assay-procedure
modified to contain a 1500.ml‘beaker”in a5 gallon

circulating water bath under a nltrogen atmosphere This

"modification was found. necessary as SGT, llke trypsrn, has .

A : :
a Kp of approx1mately 107° M for estef’substrates

Therefore, in order to obtaln rellable 1n1t1al rate

values for low substrate concentratlons, one llter N\
substrate volumes were requlred The stock\enzyme T '
concentratlon was 0.3 mg/ml (SA = 148 U/mg SGT) from

which 100 pl was added to varylnd substrate concentratlons
made up in 1 & volumes of the standard pH—stat assay
solution. The temperature was equlllbrated at, 30 ‘before "

i
!

each run and no COy uptake was observed over ‘a 35 mln perlod

u51ng-thls system Three. to four determlnatlons of each

substrate concentratlon were made K values, calculated

according to the method of Llneweaver and Burk (1934)

-6 to 1.5 x

(see- Flgure 15),)var1ed from a low of 3.5 x IO
10—5 M for flve determlnatlons (149) The mean was

7.7 x 10~ M. This value is in excellent agreement w1th‘,
Yoshida et al (1971) (37) who found & Km of 7.3 x 1076 M |
for SGT and w1t Gutfreund (1965) who found a Km of lO 5 M

for bOV1ne tryp51n (150).

109
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F. Enzyme Activity Versus pH Profile for SGT

Trypsin and SGT were compared in an activity »
versus pH study to ascertain the approximate pKj of‘the
jroup or dgroups beihg titrated;, e assays were done
using the standard pH-stat prooedure'as described in .

o

Chapter.II,-Methods section.I-Z.‘-The apparent pK, for

" titration of trypsin was found to be 6.25 (Figure 16)

which agrees precisely with the value published earlier
by Gutfreund (1955) (151). ©On the other hand, the SGT
, .

‘apparent pKa was 5.84 (Figure 17),.avera§%g;over four
. B SE A ey

determinations ranging from 5.7 to 5.95. It is not

' unlikely that the‘group_being titrated at .approximately

112

pPH 6 is the imidazole side chain on the/active histidine-57.
V - .

which should have a pK, of approximately 6.0 (152) . Since -

a charged histidine-57 would be unable to function in the .

P

///////;ILihesiﬁéa/charged transfer complex wh1ch requlres

that the hlStldlne relay a proton% the enzyme would be
1nact1ve at pH values belbw approx1mate1y 5.0 (24)  This

is in agreement w1th the data presented,here for SGT.

It is also ev1dent from Flgure 17 that the activity -

falls off agaln at approx1mately PH - lO O It mlght be

01nted out that a ma]or dlfference between the act1v1ty

prxfile observed for SGT (quure 17) and that observed
A

'for bov1ne tryps1n (Flgure 16), 1s the relatlve 1nvar1ance

v

of 9GT act1V1ty between PH 8.0 and 10 O whereas the

trypsd actlvxtyrfalls off earlle:, after pH 9.0.}
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Plot ‘of the Moffit equation: constant aoversus PH,
as calculated from ORD measurements in the wave-
lenigth range 550 to 300 nm. The expected error 1in,
estlmatlon of a,., according to. McCubbln et al
(1966) , is applled to each. p01nt (153)



TABLE VIII -
"iﬁ@FFITfYANG PARAMETERS AND a-HELIX ESTIMATIONS AS A

- . . /
FUNCTION OF pH / ‘

pPH ag : o -}bo % Helix
s i .
i

7.0 . -48". -130 20

o ~67 ' . -125 - 20

8.0 -63 g 123" '12////n

8.5 ~59 129 .. 20
9.0 - -84 o-l21 19

9.9 ~163 -122 19

g

™
.
5

"
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* g
‘the enzyme between pH 7. 0 and 9 9:

-aO and bo calculated accordlng to the equatL“cﬁ MOfflt ' ,f>

according.to McCubbin et al (1966) is applied to each

A3

. . “
. Lo : A : . . o~
. . . . . i
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| o '
‘G.. Optical Rotatory Dispersion and Circular Dipgroism

& Studies. - -

1)

7
&

"In view of the present interest in the possible
importance of the NHéLterminal a-amino group, as discussed
in the introduction ra gronpcofgspectrOpolarimetric

experlments were: de51gned to 1nvest1gate whether SGT

v

showed a—ﬁﬁ dependent conformatlonal chayge as demonstrated -

in é-chymotrypsln (56) andgd-chymotrypsln (69). ORD

and CD experiments werefperformed at 10° over a pH range

of 5.3 toJIO 5’ In the case of ORD measurements in the
wavelength range 550 to 300 nm, the data were%collected‘
at several PH values from»pH 7.0 t6 9.9 andﬁthe"parameters
and-Yang (127). Se wvalues, together w1th estlmatlons
of percentage a—hellx are. presented foTable vifz. 1t
should be noted that the bg “and a-hellx data 1nd1cate

no change in hellcal content nor extens1ve unfoldlng of

. o
A plo of a0 versus pH is shown 'in Flgure 18, ol

- as thls is the only value whlch appeared to vary as a

R

functlon of pH The expected error 1n estimatlon of ag

pointtand a best fit'drawn (l53). Sincevthe value ag -

is a.complex parameter dependent upon environmental

i - S v . - e N
_interactions’with the'surface side chains as well as

internal side chain interactions, the sharp decrease in



K]

| 1 ! l N
200 210 . 220 230 240 250
o Wavelength (nm)

B
-~
i

Bl
"~ Fig. 21; Optical rota‘tor’uy disfnersion spectra/%&f SGT
. '~ performed over, the pH range 7.3 to f0:1l. e—e
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the value of ag from pH 9.0 to 10. O might well be:
interpreted as demonstratlng the unfoldlng of SGT (154).
That these results further 1nd1cate that this
is not a titration of an ac1d1c group is demonstrated
by CD studles done 1n the far ultrav1olet between the
wavelengths 250 - and 190 nm. These scans are deplcted
in Figures 19 and 20 which show an. 1ns1gn1f1cant change
‘in enzyme conforhation between pH 5.3 and 9'3 followed_
by a large ‘transition at pH 10 5 whlch is clearly a

denaturatlon of the'enzyme. The same experlment u51ng

ORD" 1n the ultraV1olet range, between the wavelengths

250 and 200 nm, showed essentlally no major conformatlonal

.

'changes between pH 7.3 and lO.l. Thls reswlt is deplcted

M N . ®

in F1gure-21.
TheSe results are‘in agreement with tho = found
u81ng a-lytlc protease from Myxobacter 495 and 1nd1cate

that the: drop in act1v1ty observed at pH values greater

_»(is :
ka

than 10.0 as shoWn in Flgure 17, is assoc1ated w1th a

l L

general denaturatlon and unfoldlng of the»enzvme (75)

There is no ev1dence from these results to 1mp11cate the -

role -of an 1onlzed d-amlno group 1n the act1v1ty and

stablllzatlon of the enzyme Indeed »1f’such/a group

/

1s 1nvolved/thése data 1nd1cate that it only becomes

: avallable for tltratlon on, general unfoldlng and

denaturatlon of the enzyme at pH values greater than lO 0.
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H. Attempts to Block the NHp-Termlnal a-Amino Gro;p

by Acetylatlon and Carbamylatlon

In conjunction with the experiments described

preﬁfously, it.was of considerable importance that an

~

attempt be made . to block the NHz—termlnal a- amlno group

’

and- measure the resultant enzyme act1v1ty. Since there

is no known zymogen for SGT ¢—~amino groups onriysine

J,resrdues could not be blocked prior to actlvatlon and

llberatlon of the d—amlno group as was done with tryp51n‘
(79) and chymotrypsrn (56) . _An attempt was made to
acetylate the native enzYme,directIy, as accomplished

by Kaplan &nd Whitaker_(1969) (76) with a-lytic protease,

~and if activity was not reduced after reaction at the

NHZ—terminal, a conclusion might be drawn.  If -any other

‘result arose, no conclusion could be drawn.

. . 3 ¢
Acetylation was carried out as describedQXn

120

Chapter II, Methods section K5. The protein precipitated R

. even before the reaction, performed unéer ﬁhe condltlons

as descrlbed by Openhelmer et al (1966) - (56), was com— :

vpleted “In splte of this awkward result,'it was decided

to attempt to assay the soluble-fraction and perform an
NHz—termlnal analyS1s by using a modlfled dansyl procedure
in whyich the reagent solution contalned 8 M urea. The

spec1f1c act1V1ty of the control unreacted enzyme was

-157wU/mg SGT, whlle the soluble reacted enzyme had a

'S%,i 59.3 U/mg SGT. Furthermore, the soluble material

(’~ "




s -~

r
~3

had all e—amiﬁo‘éroupstacetylated, as estimated by

, dahsyiation; hut'therDNSJVal (dansyl-valine) and more

exactiy‘DNS-Val—Val (dansyl valylvaline) dipeptide was
found on hydrolysis of the enzyme. (The NH,-terminal

.&w
‘sequence of the molecule is Val-Val-Gly-Gly-etc.) These

datq-indicate -hat, although complete reaction of lysine

residpeé‘was effected, reactioq at the NHz-terminal‘

a-amino group was eitherfincbmplete'or absent altogether.

This latter conclusion is in agreement with'the work
of .Scrimger and Hofmann [1967) (7§lland Robinson et-al

—— —

(1973) (795 who showed that denaturationfwaé'necessary
. for chemlcal modlflgatlon of the NHZ—termlnal a- amino
group ‘'in bov1ne trypsin. he latter group was able to
circumvent the_problem of autolysis tesses;durinngﬁé;
iterminal d—amiQQmedificatibd“hy %irét‘guanidinating
~~the“zYm6§eh: thus blocking the ¢-NHp-lysine groups

~without loss of‘charge;\ The e—guanidinated trypsinogen

was then actlvated at PH. 3 5 by an acid protease

and shown to be active., This modlflcatlon of tryp51nogen

_detreased the sitesvof autolysis to only the .available
“arginine residues on the‘mqieeele,: e ~guanidinated |
ttipsiniwas theniaenaturea ih‘6,M»guanidinium/HCl at

.pH 3.0 andvcarbamyiated with KNCO‘at pH 8.0. The o,
uncarbamylated enzyme demonstrated 90-95% of the
orlglnal act1v1ty on renaturatlon Slnce rever51ble‘
denaturation techn;ques had not been worked out for

SGT and Sigce there was no~doubt that denaturatien of

g
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SGT at pH 8.0 would result in massive autolysis, it

was decided that this approach was unworkablef In-oxder
to sh%y that this result was not specific for the acetic
.anhydride reaéent, carbamylation was attempted according
to the procedure of Rimon and Perlmahn (1968) as
described in Chapter II, Methods section K6 (140);

Sinte potassium ‘cyanate reacts 100 times faster with
a-amino groups than e-amino groups at pH 7.0, this
reagent was considered a desirable alternative to.acetic
anhydride. In this procedure the protein stayed soluble
throughout the reactlon and subseqguent dlalYSlS,‘
~"indica%ing that acetylation produced prec1pitation by
removing cationic groups from SGT When the . control

and reacted protein were again analyzed as above, the-
control specific activity was found to be 172 U/mg SGT

while the reacted enzyme had a specific aCthlty of

61.4:U/mgvSG?. The modified dansyl NHz-terminal procedure,

containing 8 M urea, 1ndicated that unlike the acetylation

eN

proceduyre, e—amino groupe were present, but in agreement
with the'prev1ous reaction, the a-amino group ‘of the
‘NHz—terminal was still available.for dansylation.
‘DNS—Val and'DNS;Val—Val_Were preseht on hydrolysis of.

the dansylated protein.
® It is difficult to draw any firm conclusions
from these results except'to say that in‘agreeﬁent with

the preViously mentioned authors, this tryPSin also

appears to have a very unreactive NH2 -t minal a- amino

122 .
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group. Thls result had also been found wlth porc1ne
elastase (34) It is temptlng to- suggest that these
data 1nd1cate that the NH2—term1nus in thls erizyme 1is
buried in a 31m11ar fashion to,those of other serine .

proteases such as porcine elastase (34).

I. Molecular Weight Determination By Low Speed
_ - —~ , —

Sedimentation Equilibrium

The moleculat'weight of SGT was estimated by the .
use of the low speed sedimentation equilibrium technique
as descrihed in Chapter.ll, Methods‘section”G._ Samples
of 1.0 mq/ml 1. S'mg/ml and 3.0 mg/ml were run at an

equilibritm’ -speed of 15, 000 RPM in O. 5 M KC1, 50 mM in

1

pH 5.0 sodium acetate-buffer at 20°. The partial specific
volume Qg)was assumed to be eqgual to O. 717, the,value.
calculatedﬁgy Trav1s and Roberts. (1969) for human 'trypsin

(51). The data for the lowest - concentratlon, that expected

to behave in the most ideal manner are shown as a ln V'
versus tz plot in Flgure 22 where the Mwapp is approxlmately

i l

22,600.q ThlS is' in good agreerenf w1t1 the mlnlmum

‘molecula welgﬁt of 22,918 calcul=ated from the assumed
N/

'prrmary sequence and well withln the error of the technique.

f?ble X 1nd1cates the varlatlon of molecular weight with,
.concentratlon, presumably due to non-ldeal behav1our as

the protein‘concentration is lncreased.

e

:



T

”TABLE IX

Run # Protein Conoentration Mwapp
P
/ - .
L///f//””f///— 1.0 mg/ml 23,060 * 690
2. 1.0 mg/ml 22,600 * 690
3 1.5 mg/ml 21,800 * 660
4 . 3.0 mg/ml 20,200 ¥ 610

The value obtained from sequence da

ta and ul=ra-

centrifugal analysis for the minimum molecular weignt of

SGT, agrees well with values quoted for othe

Table IV in the introduction.

r trypsihs in

J. Studies Relatr#g to the Substrate Spec1f1cr4y of SGT

Y

Trypsin catalyzes the hydroly51s of

an ester

amide or peptide bond 1nvolv1ng the carboxyl group of

a lysine or arglnlne re51due. Jurasekf'Fac

kre and

Smillie (1969) showed that hlghly purlfled SGT (1:200

molar ratlo) would not hydrolyze the oxidiz

ed 1nsu11n A

<

chaln; but would hydrolyze spec1f1cally the single arginine

and 1y51ne re51dues in the oxidized 1rsu11n

B chain (109).

Only the purest fractions from a preparatlon of SGT

purlfled on CM-

~used in

-

the above experiments. = ',
. L

These results have now .been expande

cellulose and twlce on Blo—Rex-7O were

d upon in order
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‘Fig.

23:

.performed using samples taken across . the Lo

See Facing Page.

Bio-Rex-70 chromatography of 75 mg of SGT
previously purified on SE-Sephadex. The
sample was applied in 5 ml to a 2.5 x 159

cm column eguilibrated with 0.1 N NaOH-
cacodylic acid buffer, pH 6.10 and eluted

at 18 ml/hr. The arrow de51gnates the
position of oxidized 1nsu11n ‘A chain
hydrolyzing activity, as measured
gualitatively by high voltage electrophoresis
and cadmium- nlnhydrln staining of digests

it

o

peak
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133,

that a very. active, but;mlnor contamlnant be characterlzed ’

An enzyme to substratg molar ratlo of 1: 20 and l lOOO was -///
~d, as descrlbed in Chapter - IT, \Methods section M. ’

wough the enzyme had been’purlfled uslng CM—Sephadex, )

-SE- Sephadex*and Blo—Rex—70 chromatography, it was found

impossible to completely resolve the previously mentloned

;contamlnatlng enzyme. On usrng e l 26 melar ratlo 9f

enzyme to substrate the contamlnatlng enzyme hydrolyzed

both the ox1dlzed A and B chalns of lnsulln at. vallnes,

tyros1nes and leuc1nes. The resultant peptldes are v

shown in Tables X and XTI along wrth Table XII whlch shows

the pOSltlon of these peptldes 1n the 1nsulln chalns.: At e

- lower concentratlons of enzyme (1:1000 molar Iatlo) the

' effect of the contamlnant lS conflned to a. 51ngle hydr01YSlS'

of the A chaln and a purely tryptlc hydrolySIS of the B.

i‘chaln as observed in Table XIII and 1n Table XIV whlch

vshow the hydroly81s p051tlons 1n the 1nsu11n chains.

Flgure 23 shows an elution proflle of SE Sephadex

purlfled SGT chromatographed on a 2. 5 X 159 cm Blo—Rex—7O -

column u51ng the pH 6.1 sodlum cacodylate system descrlbed

earlier. Samples were: taken gcross the- peak and added ‘f

to oxidized insulin A charn,'on an equal absorptlon

basis, to make a final enzyme to substrate ‘molar ratlol

of 1:250. ‘ The .presence of 1nsu11n A chaln hydrolys1s,

as estlmated by hlgh voltage electrophoreSIS and cadmium-

nlnhydrln stalnlng, is: 1nd1cated on the proflle Thls

~

P B o
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'‘non-tryptic' activity is observedwto be partially resqlved

) . c-,v‘y-.

from the SGT peak and is actlve long after the. absorbance

o
3 r

due to SGT has reached base line. It 1S clear from this
«J q

. EEASTARR . 2.~
result that the spurious act;v1ty is separable from SGT.

Further evidence of the separate 1dentlty of
this'contamlnating enzyme is shown in Figures 24\and‘2§
shgwing the peptides resultant from digesting 0xidized
insplin A and B chains at a 1:1000 molar ratio (enzyme
to substrate) with SGT and with TLCK inhibited SGT.

It is clear‘that the hydrolysis of ‘B chain is inhibited
‘while the hydrolysis of.A chain is completely unretarded
by digestion with TLCK 1nh1b1ted SGT. Finally, it might
be stated that this non- spec1flc enzyme is not 1nh&b1ted
by TPCK, in agreement with the specificity demonstrated |
_towards oxidized.insulin B chainw;ein no case was a
phenylalanlne bond hydrolyzed. It>is lnteresting to
speculate that L—(l tosylam1do—2 tyrosyl) chloromethyl
kethe mlghtjbe an 1nh1b1tor of this enzyme.

In an aﬂtempt to quantltate the 'non—tryptic'
activlty of the SGT preparation, both oxidized insulin B
chaln and A chaln were dlgested in a pH stat as descrlbed

qln chapter 1T, MethodS‘sectlon'I—3 using SGT 'with a.

spec1f1c act1v1ty of 143 U/mg enzyme Using a.l:250 molaxr

. [] .
ratlo (enzyme to substrate) at pH 9.0, the B chain was

dlgested at a rate of 230 nanomoles/mln/mg SGT, ‘whlle

A chaln was dlgested at a rate of 28 nanomoles/mln/mg SGT.

136.
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 These rates -are only relative measures as the pKa'S of
i

the nascent a- amino groups can only be approxiggted and
therefore, the number of peptide bonds _.ydrolyzed cannot
be calculated exactly. This relatively high rate of A
chain hydrolysis is surprising however, since lyophiliza~
tion of active fractlons after the SGT, absorbance had

- come to base line in Figure 23, rendered an immeasurabl%§§ .
trace of proteinaceous material in the flask $fhis
enzyme appears to. be very active indeed. It 1s clear
ho/ever, that at low molar ratios where the effect of
the spurious actiVity is minimized, hydrolysis of ‘the
B chain is carried out at a rate appro;imately 90%

) greater than that of the A chain The ‘data, together)

ith the inhibition studies and known separability of

the two activ1ties, glve strong eVidence to support the
claim that SGT has a harrow spec1f1c1ty 1dentical With

bovine trypsin.

~ SGT is also known to hydrolyze many synthetic

" substrates in common with bovine trypsin, such as BAEE

Benzoyl—L—arginine p-nitro and N-a-Tosyl-L-

inine“meth 1 ester 155‘.‘ Trop and Birk 1976 "have
AT g, (155) .- p ( ) ha

done -extensive synthetic peptide specificity studies
which essentially indicated that the enzyme hydrolyzed,

. | | O
polylysine very well, and various neutral dipeptides

" to a ‘negligible extent (1586) .

- o ' Finally, since a carboxypeptidase-like activity

P
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was discpvered eluting after SGT on the CM~Sephadex

3 .,\

column.during:preliminary investigations of the products
o ", -

of the preparative‘procedgéf, it was desirable'to'%how
that the SGT actiVity was 1s§inct éﬁom -this abﬁ%%?ty.
< | ‘ ' ,

A carboxypepwidase—A substra e,

described in Chapter II, Methods.: The result of-twe
experiment was that no carboxypeptidase actiVity could
be.detected when samples were taken gSross the SGT peak

in Figure 23.

K. Inhibition Studies with TLCK and PAB‘—— Isglation of

A Modified Hist idine-57 Peptide

Active-site-~ directed irreversible inhibitors
O have been” 1nstrumenta1 in eluCidating the importan e////”’//////’

atalytic activity in

////,I/,///hymetrypsin’(157)’ In a similar manner the active—Site—

directed inhibitor, TLCK (L- (L-tosylamido-2-1lysyl) ethyl

—of histidine—57 in mainten

chloromethyl ketone) , being not.unlike a substrate, binds
to the active site and speCifically alkylates histidine 57
of trypsin further increasing the credibility of the
general mechanistic similarity of catalytic action between
- chymotryps1n and. tryp81n (31)
In order to determine whether SGT was also.
reverSibly inhibited by TLCK, a time course study .

was deVised uSing a'seven fold molar excess of inhibitor

<
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spectrophotometrically using BAEE as substrate.
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“Methods section K8. ‘Activity was f

inhibitor it should be competitive%y inhibited by a ,

141

& .

o : 4t
over enzyme, as in the system described in Chapter II,
“with time of

incubatiqn. wit and the result plotted as shown in

%;,r//fr”“Figure 26. Essentially, all measureable activity was

lost after 25 minutes of reactign., This 1is ih agreement

with the recently published results of Yoshida gt_gl

“(1971) - (37). ;

Since TLCK'is considered an_active—site—directed
largeqexcess of a reversible‘inhibitor such- as p-amino-
benzamidine. The results of the same time course/i
previously mentioned, 'in the presence of a'13 fold
molarﬁexcess of PAB, are shown in Figure 27, Indeed
this competltlve inhibitor of try951n~(158) effectlvely

blocks the specific 1rrevers1ble 1nh1b1t10n of TLCK ;_

g1v1ng strong ev1dence of the 51m11ar1ty of the actlve

sites in bov1ne tryp31n and SGT.

b

Slnce the only histidine in SGT is at p051tlon—57

(d-chymotrypS1n numherlng system) it was 1mportant to. 7

N
demonstrate thaﬁ“regctlon had occurred at this re51due

Convenlemxly, Jthe hlStldlne 15‘@ajacent to a dlsulphlde

, brldge and use was therequ% made of the cystelc acid.

\l‘x

d;agonal technlque To thls end, 1 umole of TLCK 1nh1b1ted,
i& R

SGT and a controi of 1 umole of natlve enzyme was dlgested
'w1th pep51n as descrlbed 1n Methods, Chapter I1, and

subjected to«electrophore51s at pH 6.5. Guide strlps
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were removed %rom éacb'bfnthese electropherograms and:
sewn onto new sheets of Whatman 3 MM after oxidation in
the fumes bf performic aeid:asﬁdessribed earlier. Eaeh:
strip was again subjected to electrophoresisvunder-the
same condltaons but ih a dlrectlon perpendlcular to tbe
original. IndLV1dual peptlde maps were, stalned with
cadmium- nlnhydrln or for histidine with. the Pauiy
procedute (115). The'results of thls diagonal . téchnique.
aredsbown'in Eigures 28‘and 29. Those peptides which

moved off the diagonal and approximated the position of

“ithe histidine positive peptide in the control electro-

pherogram were noted and the horresponding strip removed
from the lnltlal pH 6.5 electropherogram for performlﬁ
)

acid ‘oxidation. The peptide designated as O-TLCK was

eluted from the subsequent electropherogram, as it most ‘

closely approx1mated the’ p031tlon of the prev1ously
'ebserved histidine posxtlve peptlde in thE-control

.electropherogram ‘Amino acid analy51s 1nd1cated that

no,peptlde materlal was present in the nlnhydrln p051t1ve
band designated‘O7TLCK.;-However, subsequent electrophore51s

of "band P7-04, P7 02 4t pH 1.8, separated this material

v

.1ntottwo nwnhydrln p051t1ve bands pP7-04 and P7-02. After . 2

G subjectlng the 1solated P7- 02 peptlde to acid hydroly is

and amino -acid analysis, the follow1ng comp051tlon and
NHz—te;minal Was found.

(Thr, Ala cM-His,Cya,Val, Ser, @ly, Asn) o ‘
096 213 098 093 098 189 210 202 o



TABLE XV

VARIATION IN HISTIDINE VALUES AFTER. INHIBITION WITH TLCK

s -
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TLCR Inhibited Enzyme

Uninhibited Enzyme
Amino Molar ‘Molar Amino Molar Molar
Acid | Ratio Ratio Acid ~ Ratio’ Ratio

_.Expected Found : - Expected Found
Lysine 7 7.0 = Lysine 7 6.7
-Histidine 1 1.4 Histidine O 0.2
Arginine 9 8.6 Arginine 9 : 9.1
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abouiwﬁhe actlve histidine-57 which is:
Thr-Ala—Ala—Hls—Cys—Val Ser- Gly .Ser- Gly—Asn—Asn
The mite peptide, P7-04, was also isolated and.amlno’

acid analyzed, giving'eXCellent agreement with the known

A

sequence and those results previously found %n this
laboratory“(109). ,?he composition results'are as follows:
(Ser,Met (05) ,Gly,Cya, Ala,Leu).
099 077 306 096 100 100
This is agadin in agteement with the known sequence about
this dienlphide bridge residue which is:

Ser—ﬂe,—Gly Cys-Gly- Gly—Ala—Leu

¢ ,
\ _ When the lnhlblted enzyme ‘was subjected to amino
\§ ' %c1d ana1y51s and compared w1th the natlve enzyme it

O ?was found that the 1nh1b1ted enzyme apparently lost a
\ hlst;dlne_as expected from the precedlng.results: Table XV

shows the data for the amino acid analysis of both native
- ‘ EY .

n‘and 1nh1b1ted enzyme
‘ These data, together with those precedlng in: thls
" section; strongly 1nd1cate that “like bov1ne trypsin, an
'unmodlfled hlstldlne 57 is absolutely essentlal for -
actlv;ty. - E | )
. ";, : - As indifated éarlier, it wae found that the peptide
marked.O TLCK, Pearest to the position of the histidine -
h'pos1t1ve peptl e in the control dlagonal at pH 6.5, was

found not to be a peptide at_at%i There is llttle doubt



i

\
!

N

e

that this is & product of. ox1dat1ve degradation of the

modified hlstld;ne

thls conclu31on.

to be nlnhydrln pos1t1ve and eluted as a single sharp _

of the amino acid analyzer.

Severah%b&pes of" eV1dence p01nt to

The maderial, when isolated, was found

7

Furthefmore,

.peak in the pOSlt;on of tryptophan on the short column

according to

" gtevenson and Smillie (1968), performic acid oxidized

‘alkylated histidine resultant from 1nh1b1tlon of

L4
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o= chymotryp51n with TPCK, produces 3- carboxymethylhlstldlne

and an alcohol product as a result of a perac1d rearrange—

ment,(l44).

. |-=-1(I HCO 3H
/ ?

R—-C——CHZ——N

RO CmmCH oy =N, p
N R

ROH,

l—hydroxy 5~ amlno— —pentane as dlagrammed below ‘f--%/
| ;: - :’.,O‘ ! OH B ! o |
y B R
~CH3S—N—CH -
> B S
O (?32)4
N3

2
o

'sL_

_ OH

R—C—CH,—N_/N

O

oH .,

\

<

]

+

-f.-J;:.v

@

N—s> ROH + HOQC==CH, ==

i

:f,

R T

in the above reactlon“ 1s prcposed to be 1 tosylamldo—

o -
. K

v

The negatlve charge on the sulphonamlde nitrogen is -

—

con51stent w1th the observed mobllltles on electrophore51s

Kl g N B . T, -
B L
e A .
; : : N
., . e, Voo LT,
(- & S e
»' .— . . 5 . 2
I ‘ L, K] R . s ’ >
" Lo,
. . .
S , - '
M ¥
. . .

The reaction can be dlagrammed as shown‘below
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ofvthis ninhydrin positive compound at pH 6.5 and pH 1.8,
(The‘ﬁobility atka 6.5 relative to aspartic acid was

' -0.1; the mobility at pH 1.8 relative to arginine was
+0.§)., fndeed,‘Kenner.has reported a sulphonamide nitrogen
-with a pKanvalue as low as 2.3 (159). Although'these

results do not~allow for an absolute conclusion regarding
the structure o@f,ﬁ%s by product they are all con51stent
: 8, 2 : . Vog'.‘

3
"with the hypotheé&zed structure shown prev1ously.

7

Y., Kinetic Isotope Effect of Deuterium Oxide on SGT

Hydrolysis of BAEE o
The object of this study was to show that SGT,

like serine proteaeea guch'as”d—chymotrypsin (160) and

-a—lytic protease (76), is affected by deuterium oxide

such that the general rate of reactlon is decreased two

to three fold relatlve to that in water. According to

Bender et@al (1962), 1etrate of a.reaction requiring a

(RtA-2

3.

rate llmltlng pr@ton transfer is decreased 1n ‘deuterium

oxide, whereas the rate of a reactior subiect to
nucleophili¥c catalysis sHould be affected to only a
minor extent (161). In other words, the effect of

_ . _ , :
‘deuterium oxide.1is to distinguish between a kinetic

mechanism involving:a rate limiting proton transfer‘and

o

one whmch ‘does not.

\ The study was carrled out tn tbe pPH-gtat as
descrlbed in Chapter 11, Methods sectldg I1-2, and the

results of: the comparatlve rate studies over a pH and sz

T

A%



BAEE Hydirolysed (pmoles/min)

Fig.
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30: Plots of the pD and PH dependence of SGT act1V1ty

as measured with a nitrogen’ purged pH- -stat. using
BAEE as substrate dissolved in elther deuterlum
oxide or water O0——20 D2O- LB
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range"of.6 units are shown in Figuie‘30. These data’
agree'with the general cgncept of a charge transfer
complex where a rate limiting prbton shift occhrs in”

the active site. However any dogmatlc eonclu31on-

e - S
P N

R [N ) . -‘
regarding mechanlsm og enzyme actlon cannot be made from {~ﬁj'.
such studies.-;For example, in Dzo the pK values*oflg' R
: “ R ol C A =, 2
, . ° [ ‘ I
: fooa TN
ionizing species, the pH, and the solvatlon of reactants B TS
and transition states may. dlffer from those in water.f;Q?A g
It is importantlhowever, that SGT exhibits the same | .. B e
phenomenon in D,0 as do other well'CBapacterized‘serinef '
proteases. R
,‘,x;i
. ¥ .
L § - e
———
S : .
. ) e
' ]
s
o
- —_— - hd '
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2. STRUCTURAL STUDIES

A. Introduction - -

»

In order to provide a more unequivocal proof of

the general similarity‘bf Streptomyces griseus trypsin

w1th bovine tryp51n and’ the other serlne proteases, the

'Vprecedlng physico-chemical results were augmented w1th

studlesvdlrected towards eluc1datlon of the SGT primary

structure _ As indicated previously, these investigations

were 1n1t1ated by Dr. L. Jurasek of this laboratory in

1968;V The'contributions of Dr. Jurasek'before and after

1970, when thls 1nvest1gator jOlned him in this endeavor,

.are. outllned in the follow1ng 1ntroductlon

-

From peptlc dlngtS of the native enzyme, 28

Tunlque amlno ac1d sequences accountlng for approx1mately
¢ 95% of the molecule were eluc1dated by Dr. Jurasek " Among

, these were the sequences about the ‘active serine and

: blndlng s1te for tr?p51n substrates The sequence of

reSLdues l to 12 at the NHZ—termlnal end of the molecule

_were also eluc1dated (109 167). These reglons showed a

remarkable homology w1th correspondlng reglons in the
:‘9\

,amlno ac1d sequence of bov1ne pancreatlc tryp31n

"Dr. Jurasek also carrledfout tryptlc dlgestlons N

(i

*»hlstldlne the three dlsulphlde brldges and the catlonlci o

of reduced and S B amlndethYlated SGT The soluble peptldes

were recovered and the 1nSoluble re51due redlgested w1th
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chymotrypsinf Ebllowrng recovery of the soluble fractlon
: ﬁ

the 1nsoluble portlon was in turn redlgested with o- lytlc

‘protease of Myx I[c er 495. The three groups of soluble

'peptldes were segég%tely subjected to ion exXchange chroma—

et {3,
Iie

tography on the Te?ﬁﬁﬁcon peptide analyzer and to final

purification by hig VOltage paper electrophores1s
Characterization’ of the soluble tryptic peptides prov1ded
unlque sequences accountlng for 65% of the SGT molecule.

Peptldes obtained. from the redigests- ‘of the 1nsoluble

'material‘accounted for an additional 20%. These sequences

prov1ded overlaps for many of the prev1ously sequenced
peptic peptldes. They also prov1ded the sequences about
each of the three methionine residues of the protein.

With this. 1nformatlon in_hand, it should be possible to

~align fragments arising from cyanogen bromlde cleavage of

'tnf proteln For thls reason and to provide further

lnformatlon on the total sequence, the DFP treated
reduced and S- B aminoethylated protein was treated with

cyanogen bromide and lyophlllzed The freeze-drie8l

fragments were dissolved in O. 5 M acetIC ac1d and applied

e

//,Ei/izézﬁzﬁg/em/cﬁluﬁn.of Sephadex G-50 fine equlllbrated

w1th the same. solvent. Fractions were monitored by
measuring the optlcal density at 280 nm and by spottlng

small portlons on paper for hlgh voltage electrophoresrs;

'In this way, three major fractlons were observed as

indicated in F%gure 31. Fractlon Cn-3 Cn-4 was found to
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' l -
contain varietiés'o§ enly two uniquenpeptides, and on the
'basis‘of amino acid seq%ence aEalysis coupleu with the
preu19u§ly establlshed amlno\ac1d sequences,-peptiaes'
Cn-4 and Cn-3 were establlshed as being derived from the
Nﬁz—terminal twenty residues of the SGT molecule. Fraction
Cn-2, which contained.no homoserine'orAiFS lacuone, was
demonstfated to represent the COOH;termlnal fofty—seven
residues of the molecule. This fragment which has an
NHZ—terminalbphenylalanine residue was sequenced by
autbmatic:Euman aegradagibnAln the Beckman seﬁueneer
‘and by the characteriaation;ef fragments obtained from
tryptic,. chymotryptic and u;lytic digeets. lTne fraction
Cn-1, thch eluted a£ the void'volume was aSsumed to l
contain the.remaining cyanogen bromlde fragment and to;
be ef relatively high'molecular welght.- Although am;/Q//
acid and‘NHz—terminal analyses were/con81sten£/w1th this
,assumption, there were lndlcatlons that thls fragment was
'centaminateuiwith uncleaved proteln and possibly.aggregates
ef tﬁis fragment.with the COOH-terminal fragment Cn-2.
A summary of the sequence data accumulated by -
Dr. Jﬁrasck is presented in Table XVI In‘thls
_representatlon, the numbering scheme for the designation -
of amino acid residues in the'eequence is ‘based on the

final- structure as elucidated in this thesis. Thus, as'
, , - .

-

will be described, the total niumber of residues has now
’ [ .

been shown td be. 221. “From Dr. Jurasek's work the cyanvgen
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‘Cn—34»Cn;l;>Cn—2;in proceeding from the NHz—terminal to

156

y

bromide fragments could be arranged.in the order Cn-4-w

the COOH-terminal end of the molecule. The sequence was
known for residues.l to 45 at the NH2¥terminal end and . :
from residues 128 to 221 at the COOH-terminal end In
addltlon, there was an extens;ve 36. re51due sequence |
established which in Table XVI has been placed from

residues 61 to 96. In‘addition Dr Jurasek had 1solated

a number of smaIlet peptlc and tryptlc-peptldes of known

F
sequence whlch areruﬂ:tiounted for in the seguences

.presented 1n Table XVI.

It is- clear that the portlon of the sequence for

which, informatlon was 1ncomp1ete was present in the

large cyanogen bromlde fragment Cn-1 (re51dues 21 to 174

in Table XVI).c The purpose of the. present 1nvest1gatlon__"'.
was therefore, to 1solate this fragment in a homogeneous
form and after degradatlon by approprlate means, to
characterize the.products for the completlon of the
structural analy51s of the SGT molecule

-

, 6
B. Purification of Cyanogen Bromide Fragment Cn-1

As indicated'aboVe this fraction as recovered‘

from the Sephadex G-50 system (see Flgure 31), appeared

L

~”to'be contamlnated w1th hlgh molecular welght components

of the cyanogen bromlde reactlon mlxture, namely uncleavedg

materlal and aggregates of the other fragments. For this

v
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Fig. 32: Sephadex G-75 Superfine gel-filtration of void
volume fraction from Sephadex G-50 chromatography
shown in Fig. 31. A 100 mg sample was applied
to.a 2.5 x 100 cm column equilibrated with -
50 mM acetic acid and fractions were collected
at 20 ml/hr. ' ‘ ‘
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- method of the flrSt peak elu

a

reaspn, the pooled'fraction'was rechromatograpbed.on

r~pSepbadex G-75 Superfine as described in Chapter 11,

At ~m D map i b y1vAan vine nheant onAd the
R S =y P R A s i il - L LR [OF O ISRy L e [y

acetic acid concentration wad\ 50 mM rather than 0.65 M

-

15¢

as'in'later experiments _ The fresults.of such an experiment

Ad

are 1llustrated in Flgure 32/f- AnalySis by_the'dansyl

ing at tbe VOld volume gave
both DVS glyc1ne and DNS- phenylalanlne ‘”hls 1nd1cated

that it contalned both aggregated Cn- l fragment and Cn-2.

" A slmllar analy51s of the second broader peak gave only

L4
afh

DNS- gl/cﬁhe lndlcatlng that it was pure Cn- l fragment 2

Lf

Att mpts to repeat the 1solatlon of the Cn 1

fragment by the" procedures descrlbed above met w1th only

o

llmlted success both ;%&the hands of Dr Jurasek and this
? :V-»*

1nvest1gator “In several experlments the/ fractronatlon

Sy

{
shown in Flgure 32 resulted ln a 51ngle gﬁoad peak

elutlng near “the bedgvolume, wﬁere smafl molecular wéﬁght

’ mcte%lal was expec ed. to clute - Thqse results 1nd1cated

,

t&at Rroteolytlc degradatlon of the enayme was occurrlng

)

- - R v

"ated proteln ' Thls degradatlon appeared ‘to be attrlbutable

' .
\
4 . i 3

_‘“o the presepce of a cdntamlnatlng protease 1n~smalb*; S

-

amounts wblch was - not compl%telv lnactlvated Qy treatment

w1th DED. nor by the 8 M urea t;eaement usEd in, the

~ S

vreduct1on and Snu—amlnoethylatlon procedure It was

.observed tbat in those’ experlmehts in whlch no - measurable'

7.

;proteolytlc_degradatlon occurred, the purlflnatlon of 3GT

« K ) PR . o ® . l .

ey

'durlng the preparatlon of the reduced an@ gl ﬁ amlmoethyl— 2

st
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¢

,fhadfinvolved ion—exchange chromatography on both CM-

Sephadex and SE-Sephadex. In those experiments in which

extensive dutolysis had Qscurred, the protein had

" 6nly been purified on CM-Sephadex. The identity of

this contaminating protease is unknown but may be

Streptomyces grlSQUS protease B whlch is known from the

&

'.work of Siegel et al (1972) to retaln its ﬁLthlty in

the presence of 8 M urea (168) This’ enzyme elutes close

.to SGT on both CM- Seohadex and SE -~ Seobadex (20) . Pre-

'sdmably, the purlflcatlon of SGT on both of these column g

\

E systems reduces the level of lts contamlnatlon by this

':GNZJme sufficiently, such that the proteolyttc degradatlon

i ,,.»-‘

'phenomenon is no longer a serlous problem In subseqguent’

'work therfore the SGT ﬁs”d for the preparatlon of the

4

cyanogen bromlde fragments war purlflco ‘on both the CM—A

’ .

and SE- Sephadex systems ' D ":;f

4

LR

As 1nd1cated~prev1ously, ‘a further prOblem in. i«

.thf murification of - the Cn—l agment was its-apparent : R

.oas \atlon w1th the Cn-2 rragmen_ anid w1“h 1tself kn' q

[
che acetlc ac1d SOl ent used -in tne\trac 1onaLLeni;T£«be"’

- IR
. e

fragments on,S,p«aueY;tw»eb' hls resulted in a poor

)

P

v;f’:J‘ yleld of Lhe purlclaé\cn ‘1 fnﬁgment s%gg\sdoltlon; it G

F]

vwas observed“that the Cnél’fragment isoLated~in 50 mM e

"t

- acetic ac1d from . tbe Sepnadex G—75 column -(see Elgure 32)

N

v@és(no“longeﬂ sol: brb in th@s solvent after lyophvllzctlon

_In o:der~to better define he“solablllty characteflstlcs

3
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~terminal determinations on the material in the
e ‘first two peaks to elute are indicated.
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TABLE XVII

 QUALITATIVE SOLUBILITY TESTS ON' THE CYANOGEN BROMIDE

- FRAGMENT Cn-1

o

" Solvent P L Result

'N-Ethylmorpholine, 1 M, pH 8.0 S -

N-Ethylmorpholine, 1 M, pH 8.0, 100° . ‘ -

.Pyridine .. ) o i

~

v -~ . A 1
> N ) L .. AR :
Acetic -cid, 50.mM / Saturated Ure& .’ ek
. S LN w S N PR T > . L e

'Aqueous Urea, 1 M " ™™,
N ),.. " .’ L " -

\

Agueous Pyridine ‘ - -

Dimethylformamide o - -

A
RS
L.
=T

Aqueous Trifluoroacetic Acid - -
H-0 /. Saturated Urea, Room Temp. = \ B TN
‘ - . o N ST

-Aquéous Urea, A M - f o RN

-

- ) )

PR ) N
Agueous Urea,,0.5:M =
Glacial—aeetic acidr -o—ies ’ S =

Y : —

N e - IR .
Glagial acetic '/ Saturated Urea™ & o+

TRE

o .
CE Lm .

-

‘Adletic acid,; 50, mM S . e, -
Fie o0, MM - .7

s
\:A A

. ot
| s

. P
K . T o
-
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of tjre fragment for the purpose of devising more satisfac~-

. tory procedures for its isolation.and pugification, a

- e

_series ofvsolubility tests in a number .of different solvent

systems was carried out. Very small unmeasured fragments e

of lyoph11lzed pep (1ide were placed 1n 4 x 25 mm tubes and
examlned in the de51gnated solvents, using a 16 power
-menocular lens to ohserve the apvarent degree of dlssolutlon
The results of these quaiitative tests are summarizeg

in Table XVII. Although the fragment was insolukle

in 50 mM acetic acid, it was found that once dissolved.
in 50 mM acetlc acyd—-saturated urea at room temperature,
the uresa could be removed by dlalyéés agalnst 50 mN

acetic:acid leaving thg\golypept;de in solutlon. However,

2 A R
' ' fthe fragment quCkly pr661p1tated upon tltraLLOW-DL”the

~ 2 . v o

solutlon 1nto the alkalfné/”nge These soTubllltv , 3 <

IS a — . .

jstudles Lormed the ba51s for the des1gn of. subsequent
e N . c >\4 ; N ) L )
procedures. - . L e ' N ' -
RN ) ‘ C 173 - n- N R

//> ; g FolloWing these tests, several additional attempts

> LN = .
ﬁﬁ‘ : o were. maqe to prepare the Cn—-‘fragment bv cvancgen bromide

- J . ~ .

v ‘ treatment of the S— E amlngéthylated prOteln ”The mixed Q
) R PO Je \ . -
< o fﬁagments were roui lnely dlssolaed in 50 mM acetlc ac1d3h
- - . ot - P ¢
f*wt‘“-*fsivy a;i urea anq dlaLyzed agalnst o i acetlc ac1d to fac1lﬂ/l_t
| vtateNCOmplete so]ubtllzatlon L\The ;1 tu“e was then | )

v

. i . e subjected £o fractlonatlon on Sephadex G—/J'equilibxated

with 50 mMAacetI@ ac;d. A typlcal cbromatogram g

‘shown»inx%igure;BB'where 300 mg of the mixed fragments
r e - - - .« A
'f' LY . ’ o] . ¢ ’ ' ha

. Ty . . ’ peme ey
. e e \
- . - . o

g



.TWOWld not be’expected unless these two o‘
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5

: \

~were applieg to a 5 %x 100 cm column. The major peak -

which eluted atdthe position of the wvoid volume contained
the majority'of the material applied and upon NH,-
terminal analy51s gave DN S~ phenylalanlne, DN S- glyc1ne and

DNS vallne A 81mllar NH2~term1nal resu t was obtalned

o

»'ngh,materlal eluted in the second and mlnor peak

ﬂbns 73- lOO) where DN S- glyc1ne was’ the major product

)s’q
¥ ‘ a11er amounts of DNS-valine and DNS- phenylalanlne
,‘vu %%? w \

;'ThesePresult in d1cated that two’ major problems remalned o
; \ T

T

P /

[ e .

~1€Sults strongly 1nd1cated that eXten51ve aggregatlon

among the fragments was occurrrng in this solvent system

L}

(50, mM acetic acid) even”*hough the polypeptlde chalns
'remained in solution. Sec ndly, the flnding of VHZ

tarmlnal vallne 1n thls materlal lndﬁc ted that 1ncomplete‘
R v

cleavageﬁuﬁioccurred’at methlonlne 15 and perh ps also'

¢
=t 'V"‘lﬂ

at meﬁﬁlonlne 20 and methlpnlne 174 (see Table XVI)

~"

‘v81nce valine is “the NH2—term1nal rcs1due of bofh of the

small cvanogen bromide fragments'Cn—3«and Cn-4, the finding

of DN3- vallne in thls high-molecular wel

R TR e

fraction

only partlallv cleaved From the NH2 temé

LT

P
o]
1
'—‘J

-~ : A

by the cyanogen bromide treatment Incompl te clepvage

of the methlonlnes ot S-B amwnoethvlated protelns b\ : T

cyanogen oromlde treatnent has been observed bv Schrocler
LY .

.
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et al (1967) (168) and presumably results from the
conversion, in part, of the methionines to:their sulphonium
salts py alkylation 'with ethylenimine. o

Because of these unsatisfactory results, alternative

procedures for the preparation of the S—B—aminoethylated;//;//

i
Cn-1 fragment were explored. Native SG./witH’/isulphide

v 1 e

bridges intact was/iﬁttlakiy treated with cyanogen bromide

/,andé?flﬁe usual conditions of 70% formic acid for 18

.

hours at room temperature. 'This procedure should result
in complete inactivation'of both the SGT activity as
well as any-cOntaminating proteases‘present ifl the.
preparation. The reaction should liberate the small
fragments 'Cn-3 and Cn-4 with fragments Cn-i and Cn-2

linked‘through the disulphide bridge between residues

166 and 195. 1In addition the disulphide bridges in the

.
Cn-1 fragment between residues 139 and 154 should remain

intact. FollOWing lyoohilizatiox/the Cn-2 and Cn~4 .

‘fragments were separated from the hi gh molecular weight

-disulphide 1inked Cn-1, Cn 2 fragments by molecular
* ” L

\

sieving on a Sephadex G-75 Stperfine-column. The lajter

’

fraction was pooled and freeze-dried. Disgolution was

>

,.accomplished 'in 120 ml of 8 M urea——O luM amedio1 (2—amino~ﬁ

i B ‘w’

' 2 methvl 1, 3 propanol) adjusted to PH 3. O con%aining

¢, 8 ml B~meicaptoethanol:, However,_upon adjustment to

<

:‘pH 9.0 it immediately precipitated. A1l attempts at»iti

-

. L S 4 . N . . K
resolubilization in a variety of solvents, “including
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glacial. acetlc acld ‘saturated w1th urea were unsuccessful.

After a number of other unsuccessful attempts to

-

[wed

-devise an . &lternative procedare for the -preparation oif the

\
~

"ECn—l fragment-it was observed that the unfractionated
~‘.}."'products of the- cyanogen bromlde Lleavage of native SGT.
-were readlly soluble in alkaline solutlons contalnlng

8 M urea. Thls solubility behaviour was in sharp contrast

to that of the purlfled dlsulphlde';~ inked Cn-1, Cn-=2

fragment. “This observat on thus p;%mwrted the oreparatlon

) \ ﬂ'byg‘
of- the reduced and S B~ amlnoethylated fragments in a
"soluble form. The procedure as finally adopted is

descrwbed in Chapter II, Methods sectJon K.‘f The. mixed

S-B- amlnoethylated fragments were dlssolved h,0;65_M
acetic acid—8 M urea at room temperatureg
to a Sephadex G-75 columnvequilibrated’wiﬁh%fhe same -
solvent. The‘ihcreased_conceqtration‘of acetic acid and , o

the inclusion ofgaﬂM urea in this solven® were designed :

‘?f€VT665i/f’¢(

trial separation'with . -

to aveoid the aggregarion phenomena observed 1

separatlons The results

OT reduced and S-pP- amlnoethylated ﬂ anogen bromlde :

\
fragments u81ng this system are shownlln Flgure 3- _Two .
e major peaks were obtalted NH» - termlna1 analy51s of thki
. :flrst peak (fractlons 29 34? ga ‘e DN'S- glyelne w1ch only« ;%‘
:traces of 1mpur1t1es Clearly 1nd1cat1ng a homogeneous

.Cn~1’ fragment had-been obtalnedf Upon appllcatlon of

the Jdansyl!lprocedure to the second\peak (fractio:s 46-55)



' I ! \ | i L § i | i
@A. — 14 oy
A
. B o O r 7
12 Y ’ / \ *’“ X o IS
o ‘ D D\ * e
‘H.O = o ! -7 0 . - -t
, B \ | ‘
£ ol |
§~ 08 L,, [‘; » Cn-‘l . \ \ .
g | - ]
% / a /D\ -
2 0.6} . \Nooods
0 .o q\ - \
o u] .
L ' _
) ci : GTG/CF\—

|

0

g‘ .. o : : : >
0 b _L?JC“'.]R-C”‘?L T N N S i
| 60 . |

fg e T figu 35

20 80
" Fraction Number (5ml)

ot . e

-Sephagfex 'G-75 Supeffine-gef4filtration of 600 mg
_of cyanogen bromide cleaved, S-B-aminoethylated SGT
‘on a 5 x 100 cm column equilibrated with 0.65 M

acetic acid@/ 8 M urea. THe column was eluted at \
12 ml/hi.. Positions of .cyanogen bromide fragments
and their aggregates, as determined by the 'dansyl

procedure', are indicated, o '
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DNS—phenylalénine plus a number of 1mpur1t1es were
btalned 1nd1cat1ng that the cn-2 fragment. waswtontamin—

ated to a degree, with some degradation products and o

poss bly with the Cn-3 and Cn-4 fragments © However, tuesT
results indicated that a homogeneous Ca-1 fragment'
could be prepared>by the,appllcation of these procedures;

The results of scaling up hlS procedure are illustrated

0]

in ©igure 3B in which 600 mg of the 5- -B- amlnoethylated
cy- nogen promide fragment mixture»was applled to a

5 x 100 cm. column of SephadeX G-75 Super ine eoulllbrated
' /

with the sane’soizent;//ﬂhe'casof’tlon in this' case was

T

__—Teéss satlsfacr‘ - and some indications of aggregation

. gx .
. 1solatlon and sequence analysrs ‘of trypticﬁéeptideSA

between_fragments were lndlcated from the presence of

the two small peaks elutlng near the void volune////\
However, NHQ-termJnal analysrs of pooled fractions
(numbers 116~ 180) gave predomlnately DNS- glycine‘with'

only minor contamlnatﬂon w1th DNS«phenylalanine and

,lndrcated that thls preparatlon of Cn 1 fragmont was of

-

satlsfactory purity for amino ac1d ‘sequence analysrs,
The.pooled fractions were dialyzed agalnst 0. 65 ‘M acetlc

acid and 1’9’5@11 ized.

. C. Ty ptlc D1 estlon of anogen . BXromL de Fragment Cn—
) —Y« S .

-

,Although'Dr Jurasek had been successful in the-

ahcountlng for ‘a large proportlon of the SGT‘molecule,



" portions of the molecule were missing as a result of
the insolubiliéy of 2 number bf the larger tryptic
peplides in ail of Lhe‘splveﬁt systems examined. It
was considered poseible that a tryptic digesb/g; the
_S—ﬁ—aﬁiﬁoethYlated Cn—i fragment might.result'in soluble

fragments, not previously isolated and thus increase the
7 N ) /

information concerning the missing regions of the molecule.

Consequently, 3.4 umoles of Cn-1 peptide were
digested under the conditions elucidated in Chapter II,

Sk ; S
Methods seiction J2. Unfortunately, the Cn-1 peptide

\)

‘Qemonstrafed poor solubility under the alkalire dlgestlon
congltlonSMapd‘formed 3 flnely d;spersed suspenSLOn
which did not .appear .to decrease-in turbidity on reaction.

- The reaction wae halted by adjusting tﬁé pH to 4.0 and

the product eeparated_into suéetmaﬁant and insoluble
pellet by centrifugation.
~ The supernatant.was concentrated and applied as

a 17 cm streak to Whatman 3 MM and: electrophore51s at

pH 6.5 was performed. After staining guide str1ps;w1th

cadmium-ninhydrin all acidic and basic'pepﬁides'were‘

further purified by electrophoresis at pH 1.8. The

neutral band from the pH 6.5 electréphoresis was also
. X ~ ) ¢ v
x -

'squeeted to electrophoresis a% pH 1.8.- The product of
. N J . o SN '

the latter‘electrophoresis appeared to be fggr poorly

resolved ereaklng peptldes The neutra1s‘and some

'poorly resolved ac1d1cs were all subjected to eWectro~
\
phoresis at pH 3.5. Of the total,dlgest, 31xteen pepgldes

'

169
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appeared pure.and were eluted for amino acid analysis
and NH2—terminal deternid@tiogi' In most cases, the
peptides were found to be\lmnu/e by'both amino acid
,analySis and 'daosyl' NH2*terminal,criteria, while
those that were identifiable had preViously been
isolated by Dr ‘Jurasek. It was obVious, at this time,
_that the decreased efficiency of digestion incurred“by~

) . e . — - — —_— o — ‘_ P T I P A .
nesclubility Oof the substrate, together with the

N

'difficubty of separation of a complex mixture of poorly
“ / } . *
I .resolved'peptides on paper electrophoresis, resulted in

" a complete waste of effort. g :
: ’ : ' \

Nevertheleas, it was decided that‘an attemptrto
extract some information from ‘the insoluble pellet be
made, and to this end it was finally disco$ered that

the pellet could be dissolved in the presebce of O 5° M

A [ '
oetic aCid saturated w1th urea at room temperature

1brgiefl'y heated to 60° . The peptides remained in

'utiliZing-a linear Nacm‘gradient 1ncreaSing from,Q

l.O‘M. The result\is shown in Figure '36. PeakS'A

.-
g
~

thrOLgh 4 were pooled and an attempt was made ty/desalt

the constituent peptides uSing Sephadev G- O eiuted‘With'

~

% B _‘\ -
0,5 M acetic acid. -In ajl four LraCtions,the peptides

- _ _ o - R y
~ could not be separated from the-urea without, what .. ‘

appeared to be, precipitation as demonst}ated by tailing

ST o -

/A
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N

of the fracglon throughout the column effluent. Cleakﬁy,
any method used to desalt these solutlons would result
in. insoluble peptides Which could‘be‘nelthe; further

The infgtmation to be gained

L
frOm tryptlc dlgestlon of S 8- amlnoethylated cnd1 or

purlfled nor redlggsted

SGT was considered completed and further studies abandoned

at this time. .\\\\\\A” B = )

D. a-Lytic Protease Digestlgﬁ Cn-1:Fragment and
Purification of Resultant Peptides

\

A

Approximately 300'mg (18.8 umoles)wof S—BAI

aminoethylated Cn-1 fragment was dlgested at pH 8. 2 as:

» detalled 1n Chapter,II, Methods seftlon Jl and the

q
- mixture at the finish of the reaction was nearly

|
\

\

¥

o - Yo
course of the reaction followed turbidimetrically as
illustrated in Figure 37. The'protein fragment began

to prec1p1tate almost 1mmed1ately, as incicated by the

'1n1 ial rapid rlse in turbldlty,\but was solublllzed

‘Las dlgestlon proceeded. The turbidity of the dlgest

i

i

equlvalent to that measured at the start and only a
%8

ro le prec1p1tate was_obtalnedgon,centrlfugatlon
o7 B ‘“oduct | | ) “
The lyophlllzed peptldes were then dlssolved in
acetlc ac1d buffer, pH 6. 7 “and applled to an AGl—XZ

(Dowex 1) column. The subsequent stepwise development

\of this cofﬁmn, as detailed in4Chapter II{/hethods section

\

\ Lo * . .-

K o,
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Fig.
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40: Chromatography on Chromobead type P resin of
: “fraction III from Dowex l fractionation ¢ ' =

a-lytic digest of Cn-1.- The flow rate wz:c
25 ml/hr and 3.0 ml fractlons were coll=zc ..
The effluent w3as monltored by automat:: nlnhydrln

analy315 using 7% of the elutlon volume.
’ ’\ .



. Fig.

Absorbance 570nm

9 T T T Y T T Y Y T
| 5 16 ‘? -
« / . ‘ e
zr ¥ , -
, [ |
- - [ S, 5 \\ :
- BiAV _
25
S 3 f 10 /
3 = \H | - =
n
15
' -2 .6 o
2 N :
‘ \ . I89
S w l \l
x.‘,Lm({_ ‘_ ! | _
— ] -
1 \ Ny
. : ’ /}'
- i ! AT T L b
0 50 100 150 200 250
B Fraction Number (3ml)
39: Chromotogfaphy on Ch;amobe da ﬁype P resin of
- fraction II from Dowe : 1 fractionatiofi of the
a-lytic ‘digest of Cn-1l. The flow rate was
25 ml/hr and 3.0 ml fractions were collected. .
The e-fluent was monitored by automatic ninhydrin
“araly .is fising 7% of the elution volume.
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38: Chromatography on Chromobead type P resin of
fracotion I from Dowex ‘l1- fractionation of the

50. 100 - 150 200
Fraction Number (3m|)» |

-

a~lytic digest of Cn-1l. The flow rate was

25 ml/hr. and 3.0 ml fractions were collected.
The effluent was monitored by automatic nin-
hydrin analysis using 7% of the elution volume.
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B3, resulted in a partial separatic: of the digest\
mixture into;basic, neutral and acidic peptides (55).
It was found that the pasic and‘acidic fractions
pcontalned apprecﬁablelamounts of neutral_peptides, but
< tne‘séstem adequately'served the purpose of simplifylng
subsequent separation procedures. The three fractions-
h were lybphilized-imﬁediatelx[/
4 LThe“next step in the preparative procedure
involved fractionation of eaoh of the Dowex lvfractlons
L on a Tecbnlcon autoanalyzer system for peptlde chrom—
n*atography. The system was used as detalled in Chapter i1,
. Methods section B4, and profiles of the chromatography
of the BaSic, neutral-and acidic fractions are shonn

“in Flgures 38 to 40.

The contents of the peak tubes from the precedlng

-
A

;’// : _ fractlonatlons were pooled lyophlllzed and flnally
' | dlssolved in 2 ml of delonlzed dlStllled water. . The Y
peptides were‘then'further purified.electrophoretically ///
v as.detailed in Table XVIII. Details,'sucn asbelectro—A//
Eyphofetic mobllity at‘pH 6.5, calculated net charge, molar

ratios of residues from amino acid analysis and yields

o0

o in .umoles are also indicated on the aforementloned,table;’
N The'sequence already established.byfbr.nJurasek was
"shown;previously-in Table XVI, while Table‘XIX_indicates
the positions of the lsblated a;lytic'peptides:on’the

known sequence established by Dr. Jurasek and, in



‘eluted in the flrst &% bas1c fractlon from i rowex l:

addltlon 1nd1cates whare seque 1nformatlon has been
éxtended. . Nt e - N

| vIt'Should be mentioned at this time, that the
peptide nomenclature in the Preceding tables, follows.
directly,from the isolation procedure. Thns'éi6%2a

indicates a peptlde ar1s1ng from an quytic protease

dlgest,qwhere the Roman numera I' 1ndicat;s chet it

column procedure Lhe Arabic numeral ' indicates the
pos1tlon of elutio,. off ‘the peptlde analyzer the Arablc
numeral ' 1nd1cates that this was the second most

ba51c peptlde after the flrst electrophore51s at the
k]

des1gnated PH on Table XVIII, whlle the letter 'a'

indicates ‘that it was the most basic of those peptides

\

~

1solated after performing a second.electrophoresisk5
T

™~

189

agaln at the de31gnated PH on the prev1o$s table In L

short, 'a' xefers to the type of digest, 'I' to the

order of elution off the-Dowex l column, 'é6! to'the'

,‘order of elutlon off the peptlde analyzer and '2a' to

‘the relative ba81clty on the flrst and second electro—l

'phoresis, respectively ‘ Accordlngly, the neutral fractlon

eluted from Dowex l would use the Roman numeral 'II' and -

the acidic fractlon the Roman numeral '"ITI'.

12

The result of the\final allgnment using unplaced .

- lytlc dlgest peptldes plus se eral unplaced peptldes

;from Dr Jurasek's work (de81gnated with an asterisk 1n'
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Table XIX), was a molecule whlch was complete with the
exception of four areas containing 51nglé re51due
overlaps. These areas a%e shown in Table XX and indicated
with arrows marked 1,2,3;land 4. The attempts to gainé
unequivocal proof of structure abcut these @reas,

. . ' k

réSulted in the following studies.

E. ‘Automated 'Edman-Begg' Segquence Analysis of S-p-

Amlnoethylated Cyanogen Bromlde)Fragment Cn-1

/

As stated in,tne previous:section, Table'XX
1ndlcates the assumed protein seguence as established’
by the preceding research. The entlre sequence was
e%tabllshed with the exceptlon of the de51gnated SLngle
re51due overlaps wthh were con51dered inadequate proof
of prlmary seguence. However, the credibility of this
sequence as establlshed w1th these single residue overlaps
'1s increased on canLderatlon of both the known amino
ac1d compOSLtlon and the fact that in no case had a ‘
peptide been lsolated which could not be placed in thls
sequence. The amino»acid analysis previously publlshed
by Jurasek et al (1969) Was”used, with:the exception that
the numbet of leucines was assqmed to be twelve, in |
agreement with the_tentative.sequence data'(109).; All
residues, with:the{exception‘ofdaséartic acid, glutamic ’
‘acid_and serine‘ were accounted fo; in the 221 residue

sequence’by this'calculatlon. Amlno acid analySLS w
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TABLE XXI (cont'd) . -

-

Cycle Residue " Residue % Yield
Numbgr Identified PTH Amino Acid-
23 : /43 : " Gly : 7.1
24 44 | Asn .y 1.6
25 45 Asx? 4.2
1} . ] .
26 . 46 . Thr 3.9
27 a1 — e —
28 | 48 Leu/Ile 3.5
. >
4
B
a

AECys;appears with'dehydrbserine on GLC and was
differentiated by amino acid analysis of hydrolyzates.

Leu and Ile differentiated by GLC of silylated
derivatives and by amino scid analysis of hydrolyzates.
. ‘ ! S
Detected qualitatively by Pauly procedure (113).

Value giVen assumes 100% conversion of PTH-Asx to
Asp by 6 M HC1 at 110° for 24 hrs in the absence of Oj5.

At wlde.

a
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TABLE XXI : ' p

'RESULTS OF AUTOMATED SEQUENCE ANALYSIS OF 310 NANOMOLES

OF S-P~AMINOETHYLATED CYANOGEN BROMIDE FRAGMENT Ccn-1

(_:ycle““ ' Residue Resiaue : L %"Yield
/ Number " VIdentified P'I:H Amino Acid
1 21 - ely -
2 /}m 22 : "~ AECys® ' 7.4
3 e 2300 Gly 161
4 o 20 | Gly 9.7
5 ¢ 25 | Ala . 21.0
N Leu” 216
727 | myr ~~16.1
s .28 ala . 16.7
9 o 29 © Gln o , i 5.2
10 30 - Asp . 14.5
;1‘ : 31 = 11e® - . 12,6
12 . 2 val 142 |
”i3 , 33 - Led® 11.6 ;ﬁj
'14_  " "~34 oy - o 10.0 éf’
s . 3B . ala . ll.6A§??:
16 36 | Ala L 11,0
17 . - 37 ; - mis®© 4
- 18 | 38 - AECysa
19 39 val -
'.2_0. .40 S ‘Ser
21 a1 . aly | | i
22 a2 . ser . 5.8
: / @



estimated the three aberrant amino acids to have values//}
corresponding to approximately one extra residue.
In an attempt to verify the ~Thr-Ala-Thr- sequence

assumed from ‘the single residue .overlap desianated as

»number 1 in.Table XX, the S- B amlnoethylated Cn-1

"“ffragment was subjected: to the automated 'Edman-Begg’

\ 7
- procedure for sequential degradatlon of protelns onythe

Beckman 890 B Sequencer, as detailed in Chapter II,
Methods_section N. - Seguencing was thus initiatea at
position 21 in the molecule, whiCh/correeponds to.the
NHz—termlnal glycine of the Cn-l fragment and proceeded
unamblguouslya to re51due 46 (see Table XXI) at which .
point the ylelds of each step became too low for ; x
_1dent1f1catlon of re81duesvw1thout careful con51de'gtion,
of the backgrounacpeaks; A consideration of:six‘PTH;
‘aﬁinocacids fromasteps 28 to 39 thch correspond tot
residues 48 tet§9 in the enzyme,.is shown' in Figure 41.
‘Although these data oniy allow fogya qualitative
estimation of:the residue at these positicns; it is of
cOneiderable significance that they. agree with tﬁe
seéuence as assumed in Table XX. Thus, examination
of these data would .indicate that thelsequeace'
“cortesponding to the-fegion”of the holecqle~betﬁeeh‘
residuee 48 and 57 might'be (Ile/Leu)—Thr—Ala—Thr—X—X;
Val-Val-X-(Ile/Leu) whlch agrees well with the expected

sequence. It should be p01nted out at tﬂlS “timé, that

, ;gﬁ



the s1ng1e re51due overlapmnumber 2 1s at p051tlon 56

._,,

and the next re31due should be a 1euc1ne if thls over lap

is found to be correct. It is therefore, gratlfylng to
. i R

observe the (Ile/Leu) peak a%t this position in the

A : S

sequential degradation, even though the result does
not offer positiue"confirmation of. this overlap?\,The
(Ile/Leu)»yieldS»were‘too low to;permit'identffication'
of the\51lylated derlvatlves ‘and thus dlstlngulsh
between these re;ldues. P051t10ns where, due to 10&
ylelds, nd’reSLdue can be 1dent1f1ed are 1nd1cated by X.
The unexpectedly short sequence ana1y51s
described above, was attrlbuted to the. 1ow solublblty
‘:of the fragment The peptlde was found to be 1nsoluble
in heptafluorobutyrlc ac1d used in the cycllzatlon step
fand in Quadrol buffer used in the coupllng step.r Indeed,
: i
the peptlde ‘was only found to be soluole in anhydrous,
: trlfluoroacetlc acid, 1n whlch 1t was dlssolved 1n order
to transfer the sample to the reactlon cup. ~ The
solub:llty problem with Quadrol buffer was belleved to
bbe the result of reactlon of the f1ve S-- amlnoethyl
and 51x €= am1nolysy1 grdhps w1th phenyllsothlocyanate,
tvlncrea31ng the hydrophoblc character of the fragment
Thls would result in lowerei ylelds throughout the“‘

P

sequenc1ng procedure, due to 1nsolub111ty in the buffer
L

. used in the coupllng step of the Edman degradatlon

In addltlon, another ‘problem was uncovered\ Und

\,'.
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1nvest1gatlon o§ certain peptides isoIated from the L4
a-ly=tic protease digest of Cn-1l. As shown‘in Table XX
the r*gion of‘the_molecule %here yields became too low

for identification of the PTH-derivatives, corresponds

to a secticn_with the seqdence —Gly-Ser—Gly—Asn—Ash;Ther

Ser-Ile-Thr-. Two peptides, aI2-2 and aIII2-5, with

this c¢ompor tion, (see Table XVIII)  were isolated

_from‘the,dflytic digest. The pentide,” al2-2, was found-

tog%e-neutral'at pPH 6.5, while-aIIIZ—S carried'a negative
R
e~

';charge ak determlned from its moblllty at- thlS pH using

i
v

23
S
@

“[gﬁy fdrther~thaﬁ'theifirst'aSparagine whlle the nedtral

v

the meth'd of Offord (1966) (170) . More 1mportant,was

' the fact,that the. charged speoies'coqld;notrbe~seqﬁéﬁﬁédo

peptlde aI2 2; s%owed no such apparent block ThlSA
latter peptlde was obtalned ln 1 SA yleld whlle the

mqglfled aIDIZ 5 peptlde was obtalned in 5 5% yleld

@The.sequence obtalned forva12—2 u31ng the dansyl—

Edman procedure was Gly Ser—Gly—Asn—Asn—T r-Ser-(Ile, Thr)
Slnce thére are’ two asparaglne resldues together 1n the

sequence, -an amblgulty results 1n determlnlng the actual

' position of thekblock in aIII2-5. This arose from tﬁe

L)

' as the NH2 termlnus Thus, 1t was not poE31bl,'

dansyl procedore which indicated that‘after the fourth
P
and subsequent degradatlons "only aspartlc acro was present

,*hq"

197



ol

Y

‘ nowéthat the subtractlve Edman degradatlon procedure

r))_

would have resolved thls questlon. However‘“1t would

appear that there is- good precedénce for productlon of ,

a B- aspartyl peptldeibond between aspartlc

threonine but in no case is there a report C

thls type formed between aspartlc ac1d and asparaglne

o« B

)
\h:_

' degradatlonfbeyond the B- aspartyl re31due (172) The

Haley and Corcoran- (1967) demonstrated that B—aspartyl—

©

threonlne and B- aspartylglycrne peptldes could be

1solated ﬁrom performlc ac1d oxudlzed rlbonuclease Clﬂl%w

All peptldes wereée 1solated from exheustlve enzymatlc _“
dlgeStS as the NHz—termlnal B-aspartyl peptldes whlch

demonstrate a typlcal blue nlnhydrln stain. Slmllarly,
. RS

{Steln and Moore (1962) demonstrated that a - ‘
B aspartylserlne contalnlng peptlde present 1n performlc

r-‘( ¢

ac1d ogldlzed rlbonuclease, was not amenable to Edman

T

Jatter group suggested that this bodﬁ\was formed v1ara

_cyelic 1m1de 1ntermed1ate, whlch was ea51ly hydrolyz’d

v

1n the alkallne pH range to form pred;mlnantly the

B- aspartyl bond Productlon of the 1m1de lntermedlate

was belleved to occur durlng the cleavaqe step in the

Edman degradatlon procedure carrled out in glac1al
cetlc ac1d——anhydrous HCl at 100 - Thls is in agreement

w1th those condltlons found by Swallow and Abraham (1959)

to bevldeal for formatlon of 31m11ar CYCllC imides (173)

Furthermore, Smyth et al (1963) showed rn another

1 (
. S
; "

.
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‘publication, that this particu1ar.Béaspartyl'bond was
not produced when anhydrOus fri.;uoroacetic acid was

used in the cleavage step; in Pplace of the previous agid

‘mixture (174) . HoWever; Haley and Corcoran, as
: : R ; ,

méntioned.previousli/'isolated several varieties of
B—aspartylglycine'peptides as well as Bfaspartylthreonine
from enzymic, digests of performic acid oxidized ribo- '
nuclease 1ndicat1ng that either the acid conditions of
performic. ac1d ox1datlon or those of subsequent column
procedures for lsq1atlon, were lnstrumental in eataly21ng
'the'reaction,(l7i). |

'In summary, it is believed that the‘conditiens

P

~for cyandgen bromide fragmentation of SGT are likely

[e]

respon51b1e for the apparc z deamidation and possible

cycllc 1m1de productlon at p081tlon 45 ‘in this molecdle )

Subsequent adjustment of the pH. lnto the alkallne range

s PR ]

; durlng S-p- amlnoethylatlon could result in the B- carboxyl

1sh}ft.

It was concluded that the previously mentioned’

o
IS

solubil&tylproblém} in conjunctidntwith_thehapparent'

_B carboxyl shlft precluded the use of the S- B\amlno—‘

¥

v

ethylated Cn l fragment from further use: 1n the automated

sequenc1ng proc%dure.

It“should.briefly bewénﬁicated that the cause of
\

the 1ncrea51ng ylelds over. the first six steps,‘indicated

<

‘.

’iln Table XXI, is ‘not known, ‘but may be due t® a slow'

- ) 4 N e

N : ' ' . . " ‘. - ' .
< . . o .- L . . . "
ke 0 . : ! . !
i N 3

) 3
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elimination of oxygen from the reactgon cup.
R ’ 4 o

. v : . -
F. Automated 'Edman-Begg' Séﬁﬁ@hce Analysis of Native SGT

The oreuious attempt to provide furtﬁbr evidence'
regarding tn¥ sequence of SGT . around the Single residue
overlap numbered 1 in Table. XX was discussed in the
previous section. Two probiems were elucidated; the
major one involved a general reductionzin‘yields%'
resulting frpm a decreased solubility in the reacriOn
buffer, while rné_btheruproblem.apoeared,to arise out.
of a B;oarboryl shift\:hich effectively blocks the
Edman degradation procedurevin a highjpercentage of the
én—l pebtide.' In'orde;ato eliminate these probIems‘and

‘corroborate the result obtained in the preyious,sebtion,

E

/

it was decided that an attempt be made /to”“sequence, as

far as possible, the native SGT. »éince_thezenzyme-was

dissolved -immediately in anhydrous\rriﬁluoroacetic acid

. and dried down in the reaction cup of the Beckman

Sequencer, no;autolysis was anticipated}__Similarly,“the
‘next step involving reduction of the protein with 1, 4-

butanedithiol \in l-chlorobutane was not expected to

result in autol¥Xsis. Indeed, although activities were
not measured, it was assumed that the enzymefwould‘lose

all activirylas a result of the‘preVious»procedures. The

* denatured protein was then subjected to normal{automated,

sequential “dman degradation as descriked in'Chapter'II;

200
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Fig. 42: See‘Facing~Paggi -

Composite plots.of vields for seven PTH-amino
acids from steps 41 to 60 in the automated
sequential degradation of SGT. Figures 42 A

and 42 B each contain superimposed plots of

three different amino acids. -
Figure 42 A, e—e,Gly; A—4,Thr; o—0,Ala. .
Figure 42 'B. o—O, Ser; s—u,Leu/Ile; )

A—A \Val, : !

Examinajion of the yields of each residue at
each cycle allows for a’qualitative,estimation
of the residues at thoseé positions. Isoleucine
and leucine were determined together, in
Figure 42 B, as yields were too low to permit
different%ation of silylated derivatives. =

[P P



: TABLE \XXII
A

RESULTS OF AUTOMATED SEQUENCE ANALYSIS

‘\

OF 450 NANOMOLES

Arginine not determined,.ﬂ =

i

| Lo OF NATIVE SGT >
. , o
‘C9cle - Rvé%esidue % Yield
‘ Identified PTH Amino Acid
T | | val - K 50.3
2 ‘, s ~val . 44.7
.3 " et 51.0
4 %7.6
5 . mhx 43.6
6 — —
7 , " ala 37.8
8 . Ala 48.2
9 -  ¢ln 14,9
,10 o 'Gly 27.0
11 ";:- ~ elu 34.5
12 .. - Phe - 25.4 |
13,f . . pro " 20.6 Y
14 S Phe 25.4 ‘
15 © . Met 24.0
16 3 val 21.8 :
17‘ ‘;.H , s e ¥ _—
L N |
- 18 ) Leu - 14.3
'i?b »i:‘ _ | ser 12.0‘-///L
20 R L Met 16.9 .
.* .
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4 Methods section N. The mact = was programmed to

v~”ﬂﬁuperform 60 degradation steps. Table XXII indicates

——

‘*the % yield of the first 20-residues as ascertained

by gas-phase chromatography. The cleavage products
N . v ‘

arising from the degradation steps 21 to 45 were not

. examlned since they had prev1ously been determined in-

the degradatlon of the Cn l iragment described earlier.
However, the 1mportant s1ngle residue overlap region,

+

" Jindicated as number 1 on Table XX, was confirmed by
"data obtained'in steps 45 to 55. This’result,is.shown
in Figure_42 where yields for seven PTH- re51dues are
plotted for each step in the program. ‘iIt is evident

fr%? these data thatvres1dues 45 to 55 include the
sequezce -Asnemhr—Ser—Ile—X—Ala~X—Gly—Giy-Val—Val?
Since the sequence of the peptide qI? 3 isolated from
the a-lytlc digest of Cn-1 has the sequence Ala- Thr Gly-'
&@Gly—Val—Val there is llttle doubt that re51due 51 is a
threonlne B Slmllarly, the peptic peptlde PII- 1 isolated
by Dr.. Jurasek has the sequence Thr- -Ser- Ile Thr Ala
~Together_these peptides prove that :esidues 49 and 51
are both threonines,dconfirming the overlap. This |
sequence is further corroborated by the result obtained

, - in the prev1ou§’ﬂectlon (see Flgure 41) where automated

-sequence analy31s of - the Cn-1 fragment 1nd1cated that

,,\'—-L/ .

.a threonlne was present at both pos1tlon 49 and 51.

~

It’ ré very 51gn1f1cant that residue 57 in thlS

N

204
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S _ .
automated degradation again appears to be (Ile/Leu) as

was found in- the automated sequence analysis of the Cn-1
fragment. The assumed sequence indicates that ‘a leucine

o - ’ ’ P
should be present in this position. Another interesting

observation is that residue 59 in the sequential degrada-

. tion of SGT appears to be a’serine, again in agreement

with the assumed seguence for the molecule. It midst
be relterated however, . that these tesidues are in low
yleld and only qualltatlve estlmatlons can be made of

results obtained_after s0/many degradatlons.

2l

G. Tryptic Digest of Peryormic Acid oxidized SGT

»

The success of the automated sequence analysis
of native SGT decreased the number of sinéle residue
overlaps to be corroborated to three and gave strong

indication from- two separate analyses that overlap nubher

2 at re51due 56 was correct In order to obtaln stronger‘

ev1dence for the. overlap at p051t10n 56 it.-was dec1ded

that a different approach be attempted 1n order to secure'

9.

"a large fragment of the enzyme containing this reglon of

the molecule . Examination. of the assumed sequence'

.indicated that tryp51n should theoretlcally cleave the

"'molecule at positionwl7, occupied by an arglnlne and at

position 62, occupied by a lySine, producing' fragment

with the desired sequence. Howéver, the preyious bad '
2 . ' -
experiences with insoluble tryptic peptides, indicated

205
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that this fragment was, .

insoluble. This was, no doubt

1t was dec1ded'that performlc ac1d ox1daﬁﬁon mlght well ,;tpf"-
1ncrease the solubsllty of" thlS fragment by ﬂoubl;ng the '
number of negatively charged res1dues \Toaghrﬁwend 238 mg

° , ﬁﬁc ,a-'“
-of SGT was ox1dlzed accordlng to the methoﬁ

TS (1967)
as described in Chapter II,.Methods;sectlontf
digested at a 1:100 molar ratio, (enzyme to substrate)
with.TPCK—trypsin.asvdesCribed in Chapter II, Methods
section J3 (141) (The reaction was terminated by
_free21ng ‘and lyophlllzatlon and the p roduct dlssolved
in approx1mately 25 ml of 0.5 M NH4HCO3 buffer, pH 7. 8
Not all of the digest mixture would dlssolve in this
solution, regardless of the volume used and as a result
'the suspension‘had to_be clarified by centrifugation.
_‘The pelletvwas retarned while the supernatant solution
was subjected to gel flltratlon on a 5 x 100 cm column
of Sephadex G- 50 Fine equlllbrated with the above
buffer, as descrlbed 1n Chapter 1T, Methods sectlon B2
The result of this chromatography is deplcted in Flgure 43,
The second peak to elute from the COlumn was in the
theoretlcally predlcted elutlon p051tlon for the fragment

| desired. Although the 'dansyl procedure’ 1nd1cated that b



leucine was the major NHz—terminus in. the peak tube

(fraction 100) from peak II, this was not.a satisfactory
criferion in itself, of homogenelty, as at least one

other tryptic split in the molecule could result in a

-

peptlde w1th a leucine NHz—termlnus. Furthermore, the~

-

'dansyl procedure can be misleading as a gulde to

estlmatlon of degrees of contamlnatlon by large molecules,A

as in many cases the NH2~term1nal residues of large

ffagments'do,not reactﬁquantitatively, presumably as

a result of partiai burial.of the a-amino group. The

third peak to elute was expected to contaln the COOH—

termlnal peptides, which were sllghtly smaller Eﬁan the

desﬁked major fragment and were believed to be derived

 from sectlons of the molecule between resrdues 97-117,

d41-176, and 178 219. The minor DNS- Ser and DNS-Bis-Lys-

which¥ appeared to accompany the DNS- Leu in fraction 100

were quite pOSSlbly due to these COOH terminal peptldes

.(Accordlng to results obtalned by Dr. Jurasek lysine 1is

known to occur as- the NHz—termlnal residue in a fraction

of the’ COOH termlnal tryptlc peptldes as a result of

‘
~a

hydroly51s between an -Arg-Lys- bond. at p051t10ns 176

and 177 respectlvely.) In order to attempt a quantltatlon

_of the degree of cross- contamlnatlon of peak III with the

. 4/
de51red»mater1a1 in peak II, amino acid analys1s was

performed on material pocled frompfractlons 76 to 106

[y

inclusive., Since there was only one ~yrosine in the

y
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desired large fragment aﬂg no phenylalanines, the ratio
pof.these residues, to the single histldine known to
be present in the fragment, offered an indication of
the degree of cross—contamination'from_extraneous:
'peptides.v The phe:his ratio indicated 36% contamination
and the.tyr:his ratio indicated 37% contamination’ This
was clearly unacceptable

In another attempt to resolve the material in
: peak II from that of peak III, it was decided to attempt

to run the Sephadex G-50 effluent directly 1nto a

Sephadex G—25 column.‘ The desired leucine NH2—terminal

fragment elutes in the void volume on the@7atter‘column.

It was thought possnble that since peak II off the

."Sephadex G-50 column would ente¥ the Sephadex G-25 bed

" slightly ahead of the smaller materlal in peak III, that

the accelerated mobility on this gel system might

facilitate'a slightly better resolution from the followinq'

X

peak. Unfortunately, this was not the case;'no increase
in resolution was observed after thls procedure Perhaps
an equlllbrlum between an aggregated and monomeric form
_of . these large peptldes occurred durlng these separatlon _
- procedures. ' |
In a last attempt to resolve the 1arge leucineh
'H2—term1nal peptlde from its contemlnants, a.- 2.5 x lOO’cm
volumn contalnlng DEAE Sephadex‘A 25 was e@ulllbrated

wikh 20 mM NH4HCO; / 8 M urea at pH 9 5 and eluted with

-

209
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Q \'\, ’ L
a linear gradient syste§ increasing from 0.02 M to \
oo ) : | . N
0.5 M in NH,HCO, / 8 M urea. A sample containing 4.2 SN——
. A ) Pongen- - o B
. , optical density units at 230 nm was applied and the

column effluent monitored at the same wavelength
After'completion,of the gradient, essentlally no peptlde
had been eluted and only a fraction of the applled e

s | ‘sample was reclalmed on washlng ‘the column with the
NH4HCO3 / 8 M urea solvent 1ncreased to pH 11.0 w1th
ANH4OH. It was obvious at thls time that like the

.“\
e .,...

\;; be used to purify the peptide. Attempts at preparation

previous chroma aphic systems, this system-could not

of this fragment were therefore, abandoned.

~

i. Chymotryptic Digest of Maleylated S;B—AminoethYlated

.. "Cyanogen Bromide Fragment Cn-1

In order to prove the‘sequence about*the "

. o
b e

remaining overlaps numbered 2 and 3: 1nkTable XX, a’
method had to be dev1sed which would fac111tate solu-
bilization of peptldes produced in this area as a result

. of digestive procedwres” Slnce the trypti digestlonsv

had been shown to produoe large, partlally soluble
aggregating fragments,Ait-was decided that smaller
lfragments mlght be an advantage and to this end, that
a hlgh molar ratlo chymotryptic dlgest be attempted
Furthermore, prev1ous "experience with the solublllty

propertles of the S-fB- amlnoethylated cyanogen bromlde
; ,/’
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fragment Cn—i durlng the a-lytic @1gestlon indicated

that the SOlUblllty in a basic env1ronment was very low,
LS

and prec1p1tatlon occurred with time. It was observed

- . : 8 :
-~ that the total negative charge on the Cn—I\fra?ment e e T

the S—B—amlnoethylated cystelnes.' Indeed, when this
procedure was carried.oéut in 8 M urea as detailed in
Chapter II, Methods section K3, the product prodgced

N

was completely soluble after dialysis:at room temperature “

vagalnstJSO mM N- ethylmorphollne at pH 7.5.. ' It was this

mater;al which was subsequently used. in the follow1ng/// \\\n

chymotryptlc dlgest

Digestion condltlons are’ glven 1n detall in P
)
Chapter II Methods sectlon J4a, but were essentlally

v

the foliow1ng~ 12 5 umoles of substrate in a l 122 molar

ratlo (enzyme to substrate) were dissolved in 500 ml

"of 50 mM N ethylmorphollne pH 7.5 at 28° and’reactedlv" ly
for 37 hours. ) Reactlon was termlnated by addltlon of
concentrated form;c ac1d till the PH was 3\5 and the:

‘entire solutlon wass&ncubated for/6 hours at 60 to
demaleylate the peptﬁ%es The reaction mixture turned
opalescent shortly after the reactlon was & itiated and
required clarlflcatlon by|centr1fugat}on aft;l\the

demaleylatlon procedure The pellet was stored_in-the Qj

)

0.

.

was then 1yoph111zedvand finally fractionated on Dowex 1

N
AN

freezer for future ‘use. . The large volume of product' o l-



. X : S T
. 3 ;

. a " 4 ,Mv\,.w. h ,":
_.Aﬁ,,, [ . .
.. . ~ t
w BRI L e # : _ _ ‘ : \ ,
.f . : . . T @mumawmamawv w>m£ uoc Keuw ocHEm > mcammg 5
. - | i
2 ymamwam5w©\w>m£ uoc,MmﬁleHEm ue pue @mumamﬁpmocaem cmw@ m>m£ mmE ocHEm 0 chuwaO p :
L . S _ L .,.Aopt Gom: @Houmo 03 BuTpPIOdDV
w ‘0°1- se wsam> S3T m:wau @aom uauummmm o3 m>apmamu Ummmmumxm 213M meuHAHnoE Q
S ) ) : . . !
, : L e _ a @mumuaccA . ud 2e mamwuoﬁmouuumam : _ :
W o3 xotad huwmhamcm m@avmmmv om xomod @:m T owoa uo.. @muWWOauomuw mums mmoaumwm e ,
, # : : . : o .. R ) . . i . _ ] . . . ’
ﬂ,ﬂ T .60 OTT ¢80 80T ¢OT, =~ : - A
2070, ,,_, . L . t&e 'A1D’0xg’ TV ‘utp) | 0~ ST°- . 8°T ‘6°9 T-0TIIIHO .
. o 90T 660 960 660 ‘ S R
<6°0 | ‘ ~ (no7‘nid ‘usy’A19).  1I- 6v - g, 8°T ‘'6°9 §-6IIIUD -
| , _ . . : _
. L 680 SOI ¥TT 00T 00T 160 - 00T | e o
€0°0 4 (1A ‘no\ BTY %aw A1’ m>0m4~wawv T+ . 0ET+ . 8°T '6°9 €-6LIIUD
M , | : : + €01 660 TOT. -~ - o -
L0°0 b S L (dxg 'nio‘dsvy’ mamv 1- 96 - E G'9 . 9-8IIIUO
seowr - Alwaumu sTow se @mmmwumxm axe mmsam>v abaeyd ¢*9 nd coHUMUﬂMﬂusm o
PI®TIX L sousnbssg pue’ coauﬁmoaeoo . 39N KITTTAON 39 POUIAW aptadad:
(pauoo) ITIXX TEVL : | .
N . S '
Mv ] . - . . -



- - ® . £60 80T 660
y vo.o : : : : Azmﬂ.ﬂm§~mhdv

. : + 980
. , . : - (dap'ds¥
| 921 10T 80 TOT 980 ¥£0 10T 290 180 ¥OT
"90°0 . 'sAT!ATD ' 34l ‘ATD XSV 'IALATD'0Id BRIV 'XTID)

, e Z0T S90 $60 960 LOT S90
$0°0 _ Amsm~“se\uwm\Hm>.saw\usav

SG0 €0T €60
{(zyr‘ds¥‘T1eA

o ZTT 2TT SS0 €01 L60 ¥g0 ¢TT OTT 080 o _ o -
- , ~>Ho\>ﬂu\u:5.mm<.oum\u>a\>ﬁw.mﬂm\m>om< :

860 OTT OTT €0T OTT €60 OTT OTT €0T 2TT . | A R
G070  ‘oTI’'NTO’/NTD’USY BTV TBA’'RST’NID USY'ATD)  ¥= /6= ' §°9 - p-GIITUD

: ) + 901 10T $60 560 _ . S ) \x\\\\

v 0 v dag-A1D-eTV-TEA-IUL . O €0°- g°1 ‘69 6-STIWD

- o 060 80T 0T c S o
@H.o_ . . ,H B|mHmwM£B 0 - - 90"~ - 8°1 ~m.w : NWHHHﬁo

. ° *

10T L80-880 TOT STT .80 880 VET

. LO°0 - o Ausp;oum.cHo~cm<~wHH.oum\cHo.mamv 0 0 . m.m.H.~m.© .mm|HHH£U
. - : ] e . ) . @ g S
soTowr Amoﬁumu mﬁoE se passoixdxa aie saniea) sbieyd &°9 HA - coﬂumUﬂMHunm.. . .
PIS®X ' sousnbag pue co&pﬂmomEoo 39N - .muﬂaﬂmoz JO PpOY3ISNW sptaydad .-
- : (P, 3u0D) ITIXX ATIVL , SR



“ - .
+ 660 ¥60 €01 0T 60 €60 €01 6’9 HA . .
Z1°0 Ague;umm~Hm>\mHH~>Ho~ﬂm>‘cﬂo\mHHv 3e 2Tqniosul 8°1 ‘S79 G-6IUd
: , L80 ¥60 SOT LOT aoa 260 LOT. . o
s0'0 : (145 *no1’ eTY’ 'A19'A19 'sAoFY’ mawv p0 0 8°T 'S’9 -By-9IUD
T+ 680 , -
. v (dag ‘dsvy _ o N

-

L8O $60 060 S60 S80 TUT S60 SLO 160 SOT : g o

0z°0 ~m>q~>ﬂw H;B~>Ho XY H>a~>ﬂo 01g'eTY’'¥1D) - AR 8°T '6°9-  L~PIUD.
”. . 00T 890 650 L60 00T ZOT o R
¥9°0 L (neT‘TeA’STI dsY’uUTD ‘eTv)  1- 6€ - 8°T 's’9  8-€IWD

. . . _ 260 6L0 TTT ZIT LOT

L°0 S ayd‘ayr ‘A o uro ‘usy) .0 . T ‘S°9 ~1IuD
S , . A\/A/s UL ‘AT ‘Ut ) g | 8°T 'S"9 z TI4
L60 L60 SOT L60 | ’
Auxe.use\mam.wHH
mmo 160 £L60 980 wQH 960 L60 @mo 80T SO0T o . , v e
02°0 IsAT'NAT YL ‘oIgd uld ‘usy ‘eI ‘oxg ‘urd ‘eTvY) I+ 6T "+ . 8°T 'Ss°9 T-TIUD
satout AmoHumu mHoE mm @mmmwumxm aIe mvsam>v _ umm“mzo Qm 9 mm m:OHumuﬂwﬂqu_, . ,
PIOTX ) wocmzvmm pue coHuHmomEoo umz A3ITTTAON JO poyiIsnW _,m@ﬂvmmm
; ﬂ 4
// 1-UD {LNIWOYId FAIROHL N

~

. NIDONVAD QALYIANTVA WO¥d SEAILJAd OILAAIIOWAHD 40 HONENDES ANV NOILISOJWOD QIDV ONIWY

CITIXX ST4YE



B . . . . \

i

K . , | , . ' ) " -
*sTSATRUR UTIPAYUTU OTjewojne AQ paIojTuow Sem jusanyiyd *po3osiod SIsm SUOT3Oed!
© Tw 0°€ pue JIy/JW GZ sem 33ex MOTF dYL "T-ud Jo 3sabrp or3dAajowdyd ayjz 3jo uotl v
~UOT3D0BIF T X9MO(Q WOxJ III UOT3DORIJ JO ursax g adA3 pesqouwoayd uo Aydexbojewoxy 26V, *brg

C (qug) ssquiny uoydoly
0sz 00z OSL ool
! | T T

_ v
) .o
> ;m R
.o /
i 1¢ § o
| | 5
- # . P/\u
- Iy : lm o
A% ; \ 3
i / I [ 4y
\ ] st 6 !
- 8l - ; . | de- |
Q



-sysATeue UTIPAUUTU O3

iw 0°€ Pue ay/1w S
R -uoT3ORIF T X9MOQ WO

- VAN “\4, -

fad

guojlne

Aq kuouﬁcve.mm3 ucmsﬁw

Z sem 238X MOT3F ayL TI-ud

13 1 uoT3deIF FO UISII d e

30

LuE

{cf .Um;umaaou‘mH,B mcoﬂuomumw .

&y

3s9bTp OT3

w

LIS

>

dA3 peeqouwoxyd

Kxjoudud JO . UOTIE

‘uo Kuydeibolrewoxyd :¥v

..,..,r: ) / P Tl .
SRR ‘ .

-

T (lwg) 1aqunN UotoDid
00c . 0S¢ 00 oL oo 0 O
" T — 1 1 — T T T T LY 0
z0 W.., :
m .
. Q
3
\ O
o
) | O
903
. 0
_ |
9l
\ D) v @ u

e

.mmh.



2 11'7’ ’

as describedbpreviously for =he a—lytio aigest and in
Chapter II, Methods seotion B3. The three fractions

~ were lyophlllzed as before, and each further fractionated
on a column'of Chromobead P re81n u51ng the Technicon
autoanalyzer system ‘for peptlde chromatography descrlbed
in Chapter i1, Methods sectlon B4 Flgures 44 and 45
indicate the proflles obtalned from the basic and acidic
fractions from ‘Dowex 1 durlng thls fractlonatlon procedure.
The neutral fraction prOV1ded a small number of, peptldes
which were already represented in the other fractions.
”Agaih, as w1th the a- lytlc dlgest peptldes, the peak
“fractions'were pooled, lyophilized, and finally subjected
to electrophoresis as indicated»in Table XXIII.‘ This -

: Table is a compllatlon of the data obtalned during
purification‘procedures and subseguent amino ac1d
analyses of all the ma]or/peptldes 1solated

All areas of the Cn-1 fragment are represqhted

J

in thlS group of peptldes with one exceptlon N

. Unfortunately, the ;gg;on,requlred ‘for proof of the
////////////,,,,/

“sequence about the 51ng1e r051due overlap at reSLdue

56 (number 2:in Table-XX)twas missing.and presumed

insoluble;.‘This‘appeared to the region enclosed by

residues 34:to‘66‘inclusive.b ﬁoﬁever, a tryptophanv

ZPOSitiye chymotryptic peptide, ChIl5-9, was isolatedvin

3.5%‘;ie1d and when seduenced, ﬁsing the.'dansyl-Edman'

procedure, provided-the_peptide Thr—Val-Ala—GlY—Trp.



' opportunity for lsolatlon and separatlon using the™

r

Thls result corroborated the seguence assoc1ated with
residue 113 or 51ngle residue overlap number 3 in Table XX.
This‘result left only two single residue overlap

3

sequences unproven. These regions are indicated as

~overlap numbher 2. and number 4 at positions 56 and 128
‘L.‘ ) .

“in the assumed @equence

bf.;Chymotryptic pigest of Maleylated Performic Acid

‘Oxidized-SGT

f;' While the single residue overlap number 2
appeared to ‘be guite 1ntractab1e, due to its p051tlon
in a'region of low charge den51ty and due to a complete
lack of useful marker res;dueS'whlch would facilitate

isolation, the overlap number 4 appeared to offer an

'ly31ne dlagonal technlque suggested by Butler et al

(1969) (138). It was con51dered llkely that the peptide
Leu Leu- Lys—Ala—Asn—Val -Pro-Phe could be obtalned from a
chymotryptlc dlgest if the 51ngle residue overlap at
the 1y31ne res1due, indicated the correct sequence To
this end, 2.7 umoles of SGT was ox1dlzed in performic acid
accordlng to the method 05 les (1967) as detalled in
Chapter II, Methods sectlon K7 (141) ThisJStep was

taken to completely inhibit the enzyme and at the same
tlme{ unfold the proteln by breaklng the disulphide bonds, .

thus prov1d1ng for a more acce551ble substrate molecule

oMaleylation of the ox1dlzed product was performed

218
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Fig. 46: A pH 6.5/pH 6.5 lysine diagonal peptide map of a
' chymotryptic digest of performic acid oxidized SGT.
ChL.D. indicates the position of the required
demaleylated lysine containing peptide described
in the tegt. : . C
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according to the. prOcedure of Butler et al (1969) in
order that the net negative charge of the peptide be
increased by two (138). The change in charge follows .
from the fact that maleic anhydride reacts Widh lysine
e—-amino groups, effectively cancelling a positive K
“charge‘and adding. a negative charge.” The suﬁstrate

molecule was then dialyzed and digested at all 200 molar

ratio (enzyme to sqbstrate) at pH 8.0 for five hours |
After applying therreaction,productftO'a”27 cm strip of S
“Whatman 3 MM paper,‘electrophoresis at pH 6.5 was

performed at 60 volts/cm for 45 min andlguidevstrips

removed for cadmium-ninhydrin staining. A further side

- strip was}removed for demdleylation in the presence of

pH 3 5 pyridine—acetic ac1d buffer‘as described in Chapter

11, Methods section K3 After‘careful drying, the SldeA
strip was sewn onto a sheet of Whatman 3 MM paper,
perpendicular to the preVious direction of electrophore51s

and agailn, subjected to electrophoreSis at pd 6.5. The
entire sheet was finally stained with Cadmium—ninhydrint'

and the position of the basic peptides migrating off
the'diagonal was noted; Since the mobility of.the assumed
peptide relative to aspartic ecid, could be estimated

according to thevprocedure.of'Offord (1966) (m'= +.25) E ~

a 'strip was removed from the original electropherogram. - ,

- that corresponded to the ninhyd*in-p051tive spot indicated

on Figure 46 as ChL.D. (Chromotryptic ly51ne diagonal)(l70)



A )

Accordingly; this strip was demaleylated in an identical
manner to the first and the peptides separated at pH 6 5
as before, Guide strlps were removed and the 31ngle
basic peptlde eluted from tHe position indicated by the
cadmium-ninhydrin positive spots on the strips. Amino
acrd analysis'of ChL.D. indloatedpa peptide with the
following composition and residue molar ratios:

(Leu,Yys,Ala,Asn,Val,Pro, Phe) .
202 090 113 104 103 084 101

The sequence of thls peptide determlned by the 'dansyl-.
Edman' procedure is shown below:

'Leu4Leu- Lys -Ala—Asn—Val-Pro-Phe;

A

This result gave unambiguous proof of the sequence

around the 51ngle re51due overlap number 4 at re51due 128
and prov1ded the complete sequence of the molecule w1th
the exceptlon of that about the single residue overlap

PR , ;

number 2 at re51due 56. *

!
¢

. & : . .
" As diScussed,earlier, the Beckman Seguencerxr /

indicated on analysis of both SGT and the Cn-1 fragment,
that residue'numbe: 56 was either leucine or isoleucine

1

ahd reS1due 59 was a serine. . AlthOUCH this result is

in agre Aent dlth the assumed seguence in thlS area of
the mo&Zcule,kthe yleldS'of these residues do not allow
%ﬁr an unequlvocal tonclu51on However, theSe data eerve
to indicate that the prlmary sequence proposed is very'
likely correct. |

\

>
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CHAPTER IV

DISCUSSION

The preceding chapters'have"pfésented)results
of experlments directed towards elucidation of the
phys1co chemical properties and prlmary sequence of the

enzyme Stfépto;yces grlseus trypsin. Wherever pos51ble

the phys1co ~chemical parameters measured were compared
with those for bovine trypsin and other Asp-Ser-Gly
serine proteases. In essentially every case the'values
determined—for SGT compared very well with those obs 2rved
for bovine trypsin. ‘For esample, stability studi=s
carried out in the presence and absence of ca1c1um ion,
indicated that SGT was 1ndeed more stable at hlgher pH ;
'values in the presence of the cation.- Calcium ion is

well known to have a stabilizing effect on bovine trypsin

[y
o

and other serine proteases (47) SGT was also found-to
undergo what is belleved to be reversible denaturation

‘at pH 12.0 and pH 2.0, a phenomenon prev1ously observed

with.bovine trypsin (49).' Another similarity wrth-bOV1ne
trypsin is the molecuiar Qeight of SGT, estimated by '
ultracentrifugation studies, and corroborated by sequence
analysis, to be 22,900. The molecular weight of bovine
_trypsin is approximateiy 24, 000 (48) . ‘Stiil other

[y

results are 1nd1cat1ve of the general 51m11ar1ty of SGT

k]

with the tryp51n family. For exampie, the Km(app) for

- —SGT, using. BAEE as substrate, was. found to be approx1mately

222
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8 x 10-® M, a value very similar to LO-SVM observedfby‘:
Gutfreund for bovine trypsin (150).' Similarly, the
dependence of -enzyme act1v1ty on pH in . the ac1d1c range
was found to depend upon a ba51c group  with an apparent
pK, of 6.25 for bovine trypsin and 5.84 for SGT In
both a- chymotrypSLn and tryp81n thlS group was,found to
be .one of the hlstldlne resldues (53).‘ Since SGT has
only one histidine residue the PK (app) obserVe% must,
be that of the imidazole of histidine 57, assuming that
:the same general mechanism of catalysis occurs in SGT
as in the other serine proteases. Several llnes of
‘evidence strongly.support this assumption. For example,
SGT is specifically 1nh1b1ted by the 'actiye—site-£7
dlrected' 1nh1b1tor TLCK, in an analogous manner to
that observed by Mares-Guia and Shaw (1963) for

trypsin ( 31). 1Indeed, the.modified actlve site
histidine was isolated and demonstrated to be alkylated

after 1nh1b1tlon w1th this reagent Furtheimore, thlS o R

1rrever51ble >locked by the reagent
' p amlnobenzamldlne shown by Mares-Guia et al (1965),

to be a strong competltlve inhibitor of bov1ne trypSLn
'(158) It is also known that SGT is sen51t1ve to DFP,
with the inhibited enzyme belng phosphorylated at a
single serine re51due (16) . Subsequent 1solatlon of

.a phosphorylated peptlde w1th the sequence Asp Ser—Gly

clearly demonstrated that the enzyme belonged to the
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Asp Ser-Gly group of serlhe proteases and no doubt .
catalyzed reactlons w1th the same ba51c charge transfer
mechanism forrall members of this ;roup (16). SGT was
also shown to catalyze the hydroly51s of BAEE at a N
rate approxxmately 1/3 that of normal when deuterium
_oxide was used. in place of water in the reaction
'mixtﬁre. This too, has been demonstrated to be’
characteristio of this class.of_esterases, alghough
“the precise'interbretation.of the result may be
guestionable (l6l).' The precedingwresults inoicate that - °
the Asp-Ser Gly serine protease SGT " has a.catalytic ¥
mechanlsm that is not unlike bOV1ne trypsin and other
members otcthls group of proteases;

An extensive spec1f1c1ty study using oxidized
insulin A and B chains, has 1nd1cated that SGT llke other

tryp31ns is, spec1f1c for arglnlne and lysine re51dues,_

in agreement with results“publashed earller from thls

_4_::;—,';’—/

T

= 1aboratory (109). It was noted, during these experlments,

. “however, that all’ but the most hlghly purified SGQ\vas
'contamlnated W1th trace amounts of a 'non- trypsin-like’
, activxty. ThlS act1v1ty could be partlally resolved
from the major SGT peak on .a long Blo~Rex—7O column,
In retrospect, ’1t is now clear that an afflnlty chroma—
tography system as utlllzed by Roblnson et al (1971)
for 1solatlon of bov1ne, porc1ne and dogflsh tryp31n,

would;have ‘been very useful in the flnal purlflcatlon
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of SGT for-the spec1f1c1ty studies (162) )
All of«the precedlng results have strongly
supported the tenet that SGT is phy51cally and enzymatic;
'ally very SLmllar to bovine tryps1n ‘One group of studies,
"directed towards eluc1datlon of tbe role of the NH2
vtermlnal yallne g-amino group in SGT, was less»successful | @";
in making a‘clear‘correlation withgthe_knowh information
for bovine trypsin. 'As discussed in bo;h Chapter I ané
‘Chapter III, alchymotryp51n and. trypsIn are'known to
N be inactivated when thelr a~amino groups are chemlcally
v “rodified (78, 79,163). In both enzymes the loss in
.act1v1ty paralleled the modlflcatlon of the NHz—termlnal.
a-amino group. In the case of a- chymotryp51n only
isoleucine-16. was found to obey ﬁhis reletionship,
while the other two NHé—tefminal a—amino groups reacted
independeﬁtly of the_loss in»activiﬁy (lé3)l Kinetic
,%¢udies of the pH‘dependence of:enzyme.ectiﬁigy,vas well
as spectropolarlmetric investiga#ions, have implicated
‘ﬁﬁe isoleucine—l6 NHz—terminal o;amino group of a-
cﬁ&motrypsiq‘in the malntenancejoflsubstrate binding
' ability§and an®active conformation (68,69). This result
was cor?Oborated by the X-rsy diffractionpstudies of
a-chqutrypsin by Blow et al (1969), which shawed that
the iSoleucloe-lG\a-aqino gfouplﬁorms an ionfpair with.
" aspartic ecid—194 in thefactive;site (82). St;oud g; gl

(l%?l)‘Péve similarly_shown that the trypsin NH2—terminus
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forms a salt bridge in the untive 51te-of that protease
(35). Not all serlne proteases however, demonstrate a
'require?ent for such}a group; For example,. a~lytic’
* protease does not appear to have a requlrement for a
charged NH2 termlnal d—amlno group for act1v1ty ahd
;exhlblts no conformatlonal changes on tltratlon in the
' alkallne pH range (75, 76)

The NHz—terminal studies on SéT were conducted |
:at the tlme when most of the prev1ously mentioned
studles were being reported ~and resulted 1n,essentially
;two’conclu31ons. It was,obserVed,that thejNH2~terminaf ,,,,,,
-d—aminofgroup’was inaéceSsable for chemical modification
-unless’denatured’ n agreement ‘with the flndlngs of
Roblnson et al (1973) for bov1ne tryp51n (79) 'Secondly,
there appeared to be no group with an apparent pK of
8 to 9 whlch was requlred focr the malntenance of an
actlve enzyme cbnformatlon. The latter conclu51on . .b_‘ ‘
followsmas a result of tltratlon studles whlch 1nd1cated

<

that SGT act1V1ty does not begin -to decrease till.

Furthermore, ORD and:CD studies

W

app(ox'

conduéted at/vaffous pH values throughout the alkaline
"a‘é.:",’l ; YL

greater than 10 0 Thus, thare is no ev1dence from the’
results obtalned to 1mp11cate the role of an 1bnlzed : S

a-amino group in the activity and conformatlonal



i
N
o

stablllzatlon of SGT. - Indeed, if such a charged group

is requlred it on

v

on general unfoldi

ly becomes available for “titration”

ing and denaturaolon of the enzyme

Thls conclu51on is in general agreement with that made

( )

by Shotton“and Wa

-

tson (1970)- for elastase, in their

review of the structural and enzymatic properties of

that enzyme (34) .

~

It is intéresting to note that the

»
1

. S . I . .
first five residues of porcine elastase are identical

with -those of 'SGT.

The latter conclusion was the only result

obtalned durlng the 1nvest1gat10n of SGT that 1nd1cated

a marked. phys1co—

chemlcal dlfference from bov1ne tryp51n

However, 1t should be noted that attempts,to modlfy the

R

.an inactive precu
dec151on regardln

group should be m

‘ modlflcatlon expe:

hlgh react1v1ty o]
procednre as empl
moet expedient me
a known zymogen (

The struc

‘ieincidatlon of th

the most unequlvo

| and*bovine trypsi

.NH2—term1nal of SGT were greatly hampered by the lack of

rsor, and as a result "no absolute
g the role of the NH,-terminal a-amino.
ade untll an adequate chemlcal

o

rlment is performed. . In splte of the

N

f n1trou: ac1d the deamlnatlon‘

oyed by Hofmann (1967) might be the‘

ans of modifyin a proteas w#hich lacks
78)
tural studLes di- -ted towards

e prlmary sequence of. SGT have prov1ded .

cal ev1dence of the 51mllar1ty of SGT

n * An early report from this laboratory
1

T2
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sequence homology, SGT appears to be most: 51m11ar to%

¥
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(Jurasek et il (1969)) stressed the remarkable degree

of homology ex1st1ng between the dlsulph;de brldge

.peptldes of these two enzymes and indicated that, even

from thlS prellmlnary study, the Streptomyces enzyme

appeared to be intermediate in structure between bovine
tryps;n and a-lytic protease of Myxobacter 495 (109) ‘ !
ThlS conclu51on was drawn from the observatlon that, \
llke d—lytlc protease, SGT had only three dlsulphlde éf
bridges llnklng correspondlng regions of prlmary

structure, and only a single hlstldlne On the other

hand the spec1f1c1ty and disulphide bridge peptides- of

'SGT 1ndlcated a remarkable 51m11ar1ty w1th bov1ne tryp31n

This coﬁclu51on has been amply corroborated by the o
eluc1datlon of the complete sequence of SGT For

example, the percentage of. 1dent1cal res1dues between

SGT and bov1ne trypsln,von allgnment for max1mal homology, -

was found to be 34%. When conservative replacements are.

counted thlS homo ocy increases to 41%_ (COnservatlve

vreplaccnents were scored. allowing for the followrng

, BV
very restrlctlve reo‘acements- Asn—Gln, Ile=Leu=Val,

.Ala—Gly, Thr=Ser,. Lys—Arg, Tyr—Phe—Trp,_Asp—Glu )

s e
5

L
W
S

%

In contrast d—lytlc protease has only 21% 1dent1ty

and 32% homology on comparlson of its sequence with that

s )

.of the assumed SGT sequence Clearly, on a basis ofg‘w

bovine tryp51n, However, 'as mentioned prev1ously, the



~

~

“factvthat SGT has only three disulphide bridges and

’only one hlStldlne, in contrast with six disulphide
brldges and three hlstldlneslln bovine tryp31n, would
lndlcate that SGT is evolutlonarlly 1ntermed1ate between
)
the latter enz;me and a—lytlc protease whlch is similar,
in these respects, to SGT ’ it is interesting to note
that the aSSumed SGT sequence shows a 32% 1dent1ty with -
the sequence of bov1ne a- chymotryp51n——remarkab1y

similar to the 34% 1dent1ty seen with tryp51n -Thls_

may rndlcate-that both d—chymotryp51n and tryp51n have

Tdivergedgfrom a cohmon‘ancestor with SGT, at approximately

-the same time.

In the general introduction, the active site
sequences of SGT were.compared with those of other serine

proteases_to indicate‘the generalvsimilarity'of these ~—

"enESmes . In the follow1ng pages other highly homologous

‘&

areas of SGT will be compared w1th other serine proteases

‘Jand thelr p051tlons 1nd1cated on a'ribbon diagram ofi{he

B;’and C chalns of d—chymotryPSLn The activation peptide

i

was el;mlnated'for clarrty.and the arrangement of poly -

/f . .'lLTT 1 ,

peptide chain and homclégous side chains was made

7identical“to,that in:c§YﬁotrYpsin{ Insertions and

.;:\‘ -
I ’

deletlons in SGT were 1gnored durlng this 1n1t1al

) 1_1_

Lfconstructlon It was obv1ous from examlnatlon of the

‘.,a chymotryp31n model that the dlfferences 1n amino acid

asequences could be readlly aC“ommodated w1thout any

fl; i

229 |



" Fig. 47: Ribbon diagram of B- and C-chains of . - .

' . a-chymotrypsin with homologous residues .
of SGT from Table XXIV indicated as shaded-....... - .
bars. Buried residues are stippled. S
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vstippled'sectio%s"

- . ) :i ¢ 3 . - . »
is that of a-chymotrypsin. It 1s perhaps'51gn1f1cant

- - 232"

serious stericAproblems. Indeed, in 10 case did a

hydrophilic group in the SGT'sequence.replace an

internal hydropoblc group of chymotrypsin. In order

to expand on. ;he 31m11ar1t1es and dlfferences observed

on constructlon of thrs rlbbon‘model the previously

mentioned actlve‘s1te}%iquences, as well as the other
& .

areas of homology, will be placed in the diagram.

'Beginning at the NH,-terminus of SGT, Table XXIV

, igedicates homologous sequences in this region of the

vmolecule as compared with bovine trypsin, chymotrypsins

/ ) . —

'A and B, porcine elastase and a-lytic protease of

Myxobacter 495. Figure 47 indicates the positions of:
these homologous residues on the previously mentloned
ribbon diagram of chymotrypsin. They are indicated as

Y ) 5

shaded sections ‘and to facilitate the spacial comprehension

" of the diagram, the parts of;sequence which are buried

under the surface of the molecule are indicated as

.The numbering system used throughout

tha: the residues proximal to the NH,-terminus of these
serine proteases have a high degree of homology. Indeed,
thls mlght be antlcrpated if the proposed role of the

NH2—term1nal a-amino group, in stablllzlng the active

conformation-of~the molecule via an ion palr with

‘aspartic acid;l94, is to be a common property of this

Al ) N
group o; proteases. -
n.\ . . b



Fig. 50: Ribbon diagram of B- and C-chains of = v
. a-chymptrypsin with homologous residues T
_ of SGT from Table XXVII add.e_':_gw_pug,:,.;hose»--sh"owﬁ"“’"" -

in Fig. _ggﬁ;__agdg_.;ind-ica‘téa"'“é’s"' shaded bars. '

sy

-
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s 9

. Ribbon diagram of B- and C-chains of
a-chymotrypsin with homologous residues ‘
of SGT from Table XXV1I added to those shown
in Fig. 48 and indicated as shaded bars.
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Table XXV indicates a.comparison of homologous

mny

.sequences about'the cysteine'residue 42 and its
~disulphide bridge mate, cysteine-SB. The latter residue
is adjacent to the reactige histidine residue number 57.
As described earlier,”aniextensive homology can be
observed near the histidine-57 residue. It should be
noted that sequence from ‘another enzyme Streptomyces

T

griseus protease A (SGPA) ﬁ@s been added to the top'

of this table. Again, these homologous areas 'are shown
\\’ : ) - ' »
on the diagram, in additiony: to the previously mentioned

homologies. (see Figure 48) Similarly, the highiXN : N
% . : : : : - .

homologous aspartic acid-102 seguence-is shown in "\xi
ot . . <

Table'XXVI'and the corresponding position of  these ———

reSidues shown in Figure 49, It is also interesting

to note that SGT contains a terSine at pOSltlon 94,

e

A Similar terSine found in this pos1tion in chymotryPSin '
N N .

is on’ the surface of the molecule and has been suggested

coRet

to be respons&ble,i'kpart for burying aspartic aCid 102

-in the active Sitevof chymotrypSin (82) The;conservation
of this reSidue in the primary sequence of SGT lends
_supportwfﬁﬁﬁhis proposal.

| “é%F@?ther homology near the disulphide bridge.

: connectin% cyﬁteine—lGB and 182 is presented in Table

%,

‘j-XXVII The positions of the homologous reSidues are
. . ' O
ragain added to Figure 50 along ‘with the other areas of

-

, homology. Blow and Steitz (1970) have suggested that

239




Fig. 52:

'Fig. 51 and indicated as shaded bars.

Ribbon diagram of B- and c-chains of
a=-chymotrypsin with homologous  residues of
SGT from Table XXX added to those shown in

o
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Fig. 51: Ribbon diagram of B- and C-chains of
' a-chytiotrypsin with homologous residues—of
. SGT from Tables XXVIII and XXIX added to those
shown in Fig. 50 and indicated. as shaded bars. =
o .

{?, o n,.‘ ‘ ‘ ., ‘
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this:disulphide bridge serves to-stabllize the methicnine
loop in chymotryp51n (164) If'this.is true, conservation
of this dlsulphlde brldge is important in proteases. where
an unfolded chaln would be readily autolyzed . Table'XXVIlI
demonstrates the homology near the reactlve serine-195
resrdue dlscussed in the. general 1ntroductlon. Together
w1th aspartic égldaldg and hlstldlne—57 these residues’
form the cha£§éfré£§§ system The charge relay proceeds
‘from aspartlc ac1d 102 to hlstldlne 57 and eventually

1ncreases the nucleophlllc1ty of the serine-=195 hydroxyl

oxygen (32). It should be indicated that aspartlc ﬁgad—

-.189, ,1n the above sequences is found in the spec1f1C1ty

‘site of bovine: trypsrn and is responsible for binding
the ba31c side chains of trypsrn substrates (35) It
‘is very 51gn1f1can€”therefore, that SGT also has an

aspartlc acid in: thlS_pOSltlon in the mclecule

Table XX@K 1ndltate 'yo reglons of the ‘molecule

\

assoc1ated with. the general archltecture ‘of the specificity
pocket in which aspartlc acid- 189 is located. The high
degree oflhomology obser¥ved 'is presumably related to

this structural function. Flgure 51 shows where the

W )
_ homologous residues from Tables XXVIIX and XXIX are .

added to the rlbb@n diagram. ot o "

r The last table (Table XXX) shows the: homologous

4

area found near the COOH termlnal of SGT. Flgure 52

again,’ shows the posrtlon of these resldues on the
Yy
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theoretical diagram.':It shoula be noticed:by now, that

: . y v S _

‘the homologous areas indicated by shading; overlap~most

of the buried areas, which are stlppled in thisbdiagram.
This-is an inportant observatlon,vsrnce 1t_showsathat ;t

would be possible to build a Kendrewvmodel'othGTwhayinéh,n

the core similar to that of chymotryp51n 'fAlmost ell

residues known to be 1mportant for the enzyme s actlon@_'d‘&m

are a‘tached to this core. Therefore plac1ng these

.ﬂ';:"é
_re51dues in the rlghb'ponflguratlon on thls theoretlcal O

modelzof SGT would prov1de'no dlfflcnlt;es; An even;u
more useful reference molecule would of course,,be‘” :;ffm‘
bovine trypsin. However, tne co- ordrnates for the UIP—,’

e

trypsin W@ture descrlbed by Stroud t 1 (1971)

have not been published to date (35) As a“resq1t,_aﬁ’

’

speculative three dimensional model-of SGT; constructe

-f~’””””’651ng chymotrypsin_as »H v -is'compared ‘

P

wrth a schematlcimodel of chvmotryp51n in Flgure 53,

in thls schematlc dlagram, all deletlons‘and 1nsertlonslﬂ:
‘are. accounted ﬁor ' The ea51est detectable dlfference
1nvolves the dlSUthlde brldges, there are three 1n SGT
flwe 1n chymotrypsrn and six in tryp51n \ Two other
.major dlfferences 1nvolve deletlons- ‘one deletlon occurs
in the 1oop encompassed by resrdues 102 to 125, whlle wh

v

- arfother. is observed in the surface ‘loop near. the actlve

~

srte (the loop encompassed by re81dues 32 to 42) On the

,-.

“ other hand one of the important loops associated with




| _ ’ / 48

. T : - 5~\
3 | ,
construction of the specificity pocket is enlarged k7
the‘insertion‘of residues at positions 184A, 184B ar1
188A.. o : : - |
-The results presented 1n this analysis of the
theoretlcal tertlary structu re of SGT support thev
_hypothesrs that this enzyme has a similar three dlmen51onal
'structure to a-chymotrypsin and most likely the other
’ﬂserlne proteases Furthermore, 1t would appear that
:these results lend further support to the tenet that

 the structure of this enzyme is 1ntermed1ate between

bovrne tryp51n and a- lytlc protease from Myxobacter 495,

- ' | f’ The core of thfl,olecuke

ong with the active

ecand was apparently able to wrthstand the constant

mo'ecul

mutatlonal pressure lastlng since bacteria and mammals
evolved from a common ancestor © On the other.hand,
exten51Ve changes appear permlssable on the surface of

the molecule and as a result of "this, large. areas of the

P

sequence of SGT dlffer beyond recognltlon from the
e mammallan serlne proteases _ Thls is in agreement with
the study done by Stroud:_t ;;\(1971) who found that only -
- 10% of the solvent acce551b1e Slde chalns were identical
1n bov1ne t&ypsin, bov1ne chymotryp31n and porc1ne ,
: elastase (35) ‘ | b‘ |
. ‘Q‘y I would llke néw to.fanIly compare some of the
. flndlngs dlscussed bvatroud et al (1971) ‘as a conseguence

E
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O ‘thEII X~ ray diffraction studles of DIP-inhibited
bovlnevtrypSLn, with the structural 1nformatlon known
about SGT (35).t The numberipg system of a-chymotrypsin
willdbe“dsed throughoht this comparison unless designated
otherwise. Reference should be made'to Table XXXT for
alignments'ofvsequeaces of SGT and other serine proteases.
T ' A gross examination of the bovine trypsin molecule

\

:‘Has‘been described by the preylous workers and indrcates‘

a molecule folded in two balves with tbe two terﬁini*of
the molecule formlng trans—molecular straps which
terminate in opposite halves of the molecule. In addltlon,
the halves of the molecule are restraiped by t&o"
disulpbide bridées”oot observed in cbymotrypsio'or SGT. .

In looklngdat more detailed aspects of the
strﬁcture of bov1ne‘tryp51n, 1t should be recalled Lhat
the uniqdevspecificlty for positively charged side
chains was discussed at lengtb in the generalfintroduction C °
.wben-the importance of'aspartic acid—189 was delineated;
1Several unigue aspects to the tryp51n spec1f1c1ty pocket
were also 1nd1cated. ' For-example, it was observed that
the carbonyl oxygen of serine-214.was suitably orien %;
to form a hydrogen bond Qith the last N-H ;rouP‘on é::fL
}substrate This was proposed earlier by Steitz et al

(1969) in thelr studles -on the substrates and 1nh1b1tors
bound :to the active site of a- chymotryp51n (165) 'It;d

is of considerable interest that this res1due is copserved li'Q
: BRYAY e
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in SGT. Slmllarly, three residues are 1nd1cated by

© Stroud and co- workers to be 1nt1mately assoc1ated wlth
the constructlon of the rear of- the spec;flc binding _ o
‘pocket invtrypsin and chymotrypsin.(35).'jThese are .-
valine-213, tyrosine-228 and_serine-l90.!‘Identical-
residues exist at all these positions in SGT,.with the
.'exceptionsof serine-190 which is a‘threonine in.SGT. |
The rear of the pocket ieTfurther constructed bY{aﬁloop
N '.between position 183 and’ 190 thch ievconsiderably yl

lengthened in trypsrn by 1nsertlon of. a 1y51ne at 188A

and a tyr051ne at. 184A The latter tvr051ne has been
found in all trypslns subjected to sequence analys1s,
This is no less true of SGT The latter enzyme has a:

vallne 1nstead of a ly51me,at p051tlon 188A and: has an

3 t postlon 184B further
1ncreasrng the length WENE, op. The tyr051ne re51due
is belleved to be 1nstr -1 1n 1nsulat1ng the spec1f1c

blndlng pocket from the external mllleu (35)

S

Hydrogen bonding in an antlpardilel B pleated
‘sheet arrangement between peptlde 1nh1b1tors and certain
functional groupa on the_enzyme, has been 1mpllcated ln
the binding/of.peptides to chynotrypsin (87). The *©
diffraction studies with.bovine‘trypsin indicated that,
“through‘afdeletion‘at position 218 trypsin had the
pos31b111ty of formlng four such hydrogen bonds in

y contrast to'only three in chymotrypsin.. Thls must be



an'important property

videntical,deletion fo

2740
!

e Ahenr
Foo 1S Lol

v o .

conserved from mutati

- -4‘}3.

Leaving the

re51dues of bov1ne tr

" to solvent molecules

~with chymotrypsrn and

A «

conserved since the d

their eommon ancestor

ad Ain +hae 'H-.\r\%-r\vw-_\1 av\r;yrno
c An Tae 2aCcccl L eonzymne,

‘.
for trypsin molecules, as an
llowed'Hy a glycine at position
arkably

- < T

on by selective.processes.
pec1f1c1ty 51te the internalﬂ
ypsrn judged ‘to be lnaCCESSlble
have been observed on comparlson\
elastase to be renarkably
ivergence of these enzymes from

That'this is al#o‘true'of the

lnterna} residies of-chymotryps1n ‘and SGT was 1nd1cated

by’ the fac111ty w1th whlch the rlbbon dlagram of SGT-

ould be constrUCted a51nq chymotryp51n as a reference

molecule and the hlgr

tnese burled re51dues

by Hartley, on constr

~ and elastase model us

‘skxyp 1n bovrne chymo

Lo

1den ical in alL—thre

- ! \ .
v

s

'thls exten51ve 81mlla

thelr attentlon to 'si

;the hydrophobic inter

comparlson w1th the tertlary structure of’ bov;ne £y

With»regpect to SGT,

%degree of homology observed with

&
uction o' {ﬁical tryp51n

<>

ing the'T—chymotryps1n electrg@'

"density5map (2) i’Indeed" Stroud et al (1971) have

i . . &

Lrypc1n and porc1ne-elastase are,

.:Q 3 A

£

e en7ymes (35). As a lesult of

rlty,'the Water workers hawe furoedf

tes of greatest dlfferegce w1thln
) ~ &
lor'oﬁ.other,enzymes, observed on

; sih

1tjwesvconcluded rhat the published

255
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sequences which correspond to the 1nternal regions

of the bovine sequence, give strong evidence to suggest
that- these enzymes hav a very similar conformation and
" beautifully jillustrate rnternal compensatlpn The‘latter
term refers to changes in the interior'whlch are
‘accoméanied by other changes Whlch in turn counteract
rthe first, permlttlng -the maln chaln foldg%g to remaln
‘ unaltered Of the 59 re51dues from the disulphide
bridge peptldes ot scl that were'utilized in the previous
comparlSOn; only 'two amin®d ac1d subrtl utlons could not .
xjreadily be'accommodated.into the bovine tertlarylstructure.
tfhese“were 1soleuc1ne lBl and methionine-199 which
p
substltuted for a phenylalanlne and vallne,,respectlvely
‘ However the latter two hyorophoblc residues from the
Q—//%ov1ne enzyme are in. van der Waals contact w1th each
otber. in addltlon the replacements in SGT are
o j hydrophoblc for hydrophoblc substltutlons with the lass:‘
| ’ulkyfisoleuCLne*lBl belng matched by a. more bulky '
‘énlonine;l99_f Stroud'and co—workers Suggested that
thls lnternal COLOensatlon suppozts the. hypothesfs that'
thls enzyme has = hlg ly 1omoloqous tertlary structure
wrth that of bovga$~trypsrp Thwsy;;\:dentlcal t&é&he o

concluSLOﬁ made-preulously in this thesis on comparlson
. R ¢,

7 of the. complete SGT oequence w1th chymotryps&n éince

. N\ . A
o the prevlous worhers stateo that chymotryps;n and tryp51n

had very SLmllar 1nternal teltlary structures, it”

N ~

I - . . o s \
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follows that the conclusions regarding our more

extensi%e comparative'study with‘the complete SGT ¢
sequence and the a—chymotrvpsin tertiary structure,

can be enlarged to 1nd1cate that SGT is also highly
homologous in tertiary strucfure with bOV“ne trypsin,
in’ egreement w1th the proposal of Stroud and co-workers
35).. | 7

1 — ,__1—
Lauvn

As ment oned earlier, surface =..2 chains
the high degree of conservatlon and ho1ology observed
with the internal residues. As—a result, regions/of

homology on the~surfece of the molecule might”suggest

that. the res1dues involved have spec1rlc functions which

t

are selected for durlng evolutlon Stroud et al (1971)

. have observed tbat hrﬁmldlne—40 found in all mammalian

Yoo

o serlne proteases, part1c1pates ‘in 'two hydrogen bonds ln

bov1ne tryps1n——one to rhe hydroxy1 oxygen of seane 32

¥

" “and the other to the carbonyl of glycine=193 (35).

I.Apparently, the 1cttér two groups fhm a dwfferent

hydrogen bonded structure with’ the 51de chalnﬂof aspartlc\

c1d 194\1n the chzmo;ry981nogen molecule (166} Slnce

-

these- res1dues are preserved in all the mammalwan protease‘

- - '

-seduences. 1@,was§?f§gest@o that there mlght be a / T

RO e '

selectlve gdvantade 1n their - conserwatlon whlch ‘is

. perhapc ne soc1ated with zymogen aCthat101 +In this

respect 1t should be- p01nted out that neither a- lvtlc'h

'protease nor SGT has a hlstldlne re81due at thls p051tlon

e

in.agreement with the fect that no 1nact1ve precursor ,;,;,,w

.//’T

e
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‘molecules hawve been found for these pacterial enzymes.
‘Tz is interesting ro note trat in conjunction

gich zymogen activation,'the acnlthicn neptide in
- |

L ~yyosinogen namely Val—(Asp)ﬁ—Lvs—, has been sugaesteu
to be 100 paired wwtﬁ an acidic ané four baskc.residues. “ ‘
* ' i

on the main chain of tne moWecule (35)"% specifically.
lycine-s 15 was eugqested to pair with'glutamic =cid-186

: _ L
arawing the other four aspartic acid residues cLo5e

enough to palr with either lysine—léS“or 1g8a and 1ygines'
at positions 15,"22?, and 224. Adain, it 18 Si@nificant' .

'Lnat ;QT has no ba51c residues at these positions, with

the exC AR "@e universal basxc reSLdue at pOsition

d“‘f?glnlne in SGT This once mOVe 1nd1cates oo
that this enzyme probably does not’ have a Zymogen'or

rhat ‘if @ zymogen does 1ndeed exist, that 1t “is not

~ u——

struc@urqlkyesimi}ar to tryPSLnogeh in thls area of the

i

g

k"__ ‘ molecule, R o B
’ L i ' ST N i ’ ;:.-

In reference to dhe loealization'of.the*etabiliz— By

o 1qg calc1um 1ons spoken of earller Stroud and‘cdlleagues ”w_ﬂ
; *;\ % hgve 1mp11cagﬁd acpartlc ac Ld- 7? and glutamlc ai}d 78
. ‘=;rmﬁnf'haf aspartlc ac1d 71 ‘and Wﬁ/ n lon palr cross llnklng M '
e R e )
T VRS 5)” 3 It s thelr COQ@%“thﬂ Lnat thr *ormatlon of aﬁlm ¢ o U
Lo, . . "“ve'.-;
calc1um ion -charge lnteractlon occufs,» ablllzlnq the. N
) moWecule by cross~¢ink119 twg_aCld’C,,eeddu€~“iﬂ"TETTﬁ%’/MW/Mﬂ_y
— ' several curfdce 1Qops on the molecule. Examlnatlon of

the SGT sequence indicates that oﬁly.espartic “acid-77 - .

s . .
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,> -is present in the required position and acidic residues

A
4

- 3 B
g »

dg not exist in the other positions. Nor are there

adjacent acidic residues which might act as alternates

in SGT. As-a result, the hypothesized role for calcium
ion stabilization in bovine trypsin does not appear valid
for SGT. >A . . ﬂ‘

| Although the surface residues imblicated in
forming‘ion'pairs with the activation peptide.are
absent in SGT, along with-the previously mentioued

. Lresidues implicated in the calc1um ion binding of bOVine

trypsin, - the overwhelming homology of OLher internal

and even certain external residue clearly underscores

. vthe ektensvve Similarkties between SGT and bov1ne trypsin.
P R . In summary, thiélwork has dealt.VQ;h.the thSlCOf

: - . ) ) S . T A
chemical~and structural charactexization of the bacterial

.y - . “ <

enzyme,K treptomyces griseus trypsxn Results obtained -

K

from tmis research have allowed for extenSive comparisons

I [
’

between this enzyme and obher serine proteases Cwith

L~ speCific referencefto bOVine tryPSin. The data compiled

. avo vwrtually unanimous #n tReir indioaﬂsen“or “the high
“ 4 PR

e degreemof swmjlarity between SGT and bov1ne tryosun -

.\_’,...,_w—""’— ‘ 7
r . )

T ﬁgtréﬁgly

m v

ggesiing that/both enzymes have evolved from’ ¢

.'

~ . - ¢
v o,

e common ncestoral p"Oteln 2 It i-Thdped that the L

'

eluCidation of some- of this énzyme 'S p?operties preseuted
ﬁ:y T

o in this thesis, Will taCilitate further researchtanto the

v
}

general_mécHaQism cI action of . this cuass of proteases
T o - oo '

s N . -~ »’

)
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