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ABSTRACT
£

SR ' R e
The transport of mater1al along the nerve, axon '

I

(axoplasmlc trans?ort) ensures a. supply of the materlals

a

needed for repalr and malntenarce of the nerve structure.'
\/i
Pulse labelllng experlrants dlth amlno acids have provided
e :
much of our present knowledge of axoplasmlc transport. It

Y

has been well demonstrated that amino a01ds are transported

6

along the nerve after 1ncorporatlon 1nto a proteln. However{

other modes of transport are possible 1nclud1ng the~'

I

transport of free materlal and %he transportlof'boundvf

materlal Thls research project'was designed to'test-these
other poss1b113t1es. A study was made gf the ;g v1tro"

leuc1ne blndlng propertles of proteln from homogenat%s of

'Tat sc1at1c nerve. These samples were 1ncubated ulth

-

trltlated leuC1ne,‘under condltlons 51m11ar to those used by

other 1nvest1gators for the assembly of'mlcrotubules.-fﬂ.:
a e

”ilf'hﬂ; Leuc1ne is competltlvely bound to a solub e proteln of

97 COOt 26 000 MH. The. klnetlc characterlstlcs of thlS -

blndlng process were calculated 1n order to descrlbe the

PP

if, number of blndlng,51tes, ‘the equlllbrlum constant,'rate

.

constants, and the changes in. entropy and enthalpy._The

- leuclne blndlng proteln assemb;espinto a very large proteln,vf”

polymer, whlch may contaln up. to flve other types of 713’5j |
R . | . | :

(). A

iw



i S I
protelns. “The rate at which leuc1ne blndlng>prote1n
polymerlzes ls 1ncreased by the(presence of free Mg*+ 1ons

lln the 1ucubat1ng solutlon, and decreased- by the presence of‘

~ -

‘urea. The formatlon of the polymer does not appear to alter
the conformatlon of the leucine blndlng 51tes. Tryp51n and

large amounts of colch101ne lnhlblt the polymer formatlon.

There 1s g+ actlvated ATPase act1v1ty present in the

v

'smaller molecular welght fractlons, and also 1n assoc1at10n:ﬂ
with the large proteln polymer. There i's. no measurable (Na+

,+ K+) ATPase act1v1ty.
. - L . ' ’

Prollne, thymldlne and succinic- ac1d blnd to the

T — T

o polymer fraction, partlcularlly in the presence of Mg++
: S,

wfﬁhlle c@lch1c1ne appe?rs to blnd to a subunlt of the ‘

polymer. Prollne }"&Jthymldlne do not compete for the

k. U ’ "( .
reuc1ne hlndlng sltes,_but appear to have other bindlng
51tes avallablea ' ' ‘ ' )

o
(o)

pec1f1c blndlng sntes on the pr@ in

4

N \

'transpbrted'or storé@,in rat sc1at1c nerve 1n a proteln

sy

Jﬂ’ y BN "3’(‘

bound forﬁ ratherlthan 1ncorpbrated 1nto a proteln ““:' ' 13 )
("“ - A : -

structure.
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C\ : . " CHAPTER 1
w oy . INTRODUCTION

.

Nerve axons and termlnals depend ‘upon axonal transport

to supply enzymes and other compounds to malntain their

structural 1ntegr1ty and v1ab111ty. uuch of- the knowledge of

axonal transport comes from pulse labelllng experlments with

e

amlno ac1ds. These lavgﬂled amlno ac;ds are 1n3ected 1nto or

1

inear the neuron cell body, and are subseguently transported

along the nerve. Generally, the labelled aterlal appears to

be transported in assoc1at10n Hlth proteln (see reV1ew by

~

Ochs, 1972). Several modes of transport nlght be possible. :'9

These - are' transport of free 1abelled=material thch may

. later become assoc1ated wlth proteln 1n the neuron'

_transportatlon in.a proteln-hound form, OrK 1ncorporatlon of

1-,

the lahel into a- proteln structure. It is v1dely accepted

that amlno ac1ds are. transported along the axon follovlng

‘1nccrporatlon 1nto proteln ( Ochs, 1972).,-.

PN
I

Several neuronal structures have been examlned in an

xi

attempt -to a551gn the axoplasmlc transport of materlal to a,p_

hspec1f1c functlonal unlt. chrotubules, together with: thelr

side arms. 6r brldges, mlcrof1laments, and neurofllaments p
AT

"have been tne main suhjects of thlS search. ulcrotubules‘

)
.

' B . r 5



3
i

have been implicated in cellular movement (Rudiana, 1965,
1967- Bikle et al, 1966r A general feature of the _Tecent

3

theorles of the role of mlcrbtubules, is that the ' -
Imlcrotubules are not the force . gﬁpéi%&;ng mechanlsm
(Schmltt, 1969). In c111a, ‘the m1crotubu1es~do not appear to
'contract, but’ rather sllde past one another (Satlry 1965,
1968). ThlS 1s slmllar,to the actomy051n system of skeletal
muscle. Brldges have-been found a=5001ated with almost- allttJ
'-mlcrotubule assocrated motlle mechanlsms (see rev1ew by
"~T11ney, 19717) « This structure is thought.to be the force
'?generatlng mechanlsm. Glbbons (1965) has found that the ;
. mlcrotubules of 0111a blnd a large ATPase (dyneln) uhlch

forms 51de arms or. progectloQS Dyneln may generate the -
EE

‘q'forces that sllde mlcrotubules parallel to thelr nelghbours

‘-(Summers~and G\bhd/ 1971). Slldlng systems have beenb

\

f,lmpllcated in other motlle systems whlch have mlcrotubules ///

-as components, but there 1s less 1nformat10n avallable/about
} - /,
"'the structure and functlon of the 1ntertubule brldge.i "ﬂ/.

o-_' BN . S . . .___,. . . i o
: ‘ o . - : ' - /
/

' The functlon of neurofllaments has not yet been

'establlshed. A possrble relatlonshlp between mlcrotubules -

1

:hand neurofllaments has been suggested. During the v"'-'f-l‘f4

o /
‘development of the ogtlc nerve, tubules vere found to be

';replaced“by fllaments as the development proceeded (Peters

\.‘

~and Vaughn, 1967). If the nervous tlssue vas treated uith

colch1c1ne, there was a rever51ble replacement of tubules by
'“\775\\ o o . v SR

o . '- ; | o | ,“'



.
a -

fllaments (Wlsnlewskl and Terry, 1968)..Some 1nvest1gators

. -

belleve that neurofllaments may functlon as a part of .the
?force generatlng mechanlsm 1n axoplajilc transport (We1ss

.and nayr, 1971). chrofllaments are ought to he the“

}contractlle machlnery of non-musoﬂe cells (Wessells et al

.

' ‘1971). The mlcﬁofllaments 1n nerve appear to functlon 1n
{‘nerve elongatlon, and are found 1n the growth cone (Yamanda;
aet al, 1970). ulcrofllaments and actln are of 51m11ar ‘5H .Sq
dlameter, and are both 1nh1b1ted by cytochala51n ‘B (Wessells.r

et al 1971-JSpud1ch and Lln, 1972).<Spud1 i and L1n (1972)

‘r:speculated that mlcrofllaments may be actlnmllke protelns.

- -
o~

nlcrotubules, neurofllaments and mlcrofllaments can be '

N
~

dlfferentlated by the use of the drug colchlclne. It

.

'disrupts mlcrotubules (Tllney, 1968), but not nicrofllanents\
-or neurofllaments (Wessels, 1971). However, colchlc1ne
1nduced prollferatlon of neurofilaments has been reported

5(Shelansk1 and Taylor, 1970).

- .
Spec1f1c protelns have been 1solated from neuronal
<t

structures, and characterlzed. chrotuhule proteln‘ tuhulln.

ia -

'and a tubulln dlmer (colch1c1ne blndlng proteln) have been .

N

N .
the subject of manyﬂlnvestlgatlons (Shelanskl and Taylor,;

1967, 1968' Renaud, 1968 Taylor,1965‘3Borlsy ‘and Taylor
-1967). An actln-glke proteln (neurln) has been found 1n the

.memhrane portlon of the synaptosomal fractlon from mammallan

P



'
A}

ested that this proteln may be assoc1ated Hlth certaln -

'mlcrofllamentslnn close prox1m1ty ‘to plasma memhrane in’

neurons and glla (Wessell et al, 1971). .\ my051n~lﬂke
o] 4!“"-\

proteln (stenln) has bee 1solated from ve51cles in. the

<

synaptosomal fractronro vmanmallan braln (Puszkrn et al,“

i972- bérl et'al,q1973); L;ke muscle ac omy031n, these

protelns exhlblt Ca, Mg A Pase'actlulty"(Puszi

et al,
1972). ‘Thus, all the components of a»s‘htem calpakble of
functlonlng 1n a s;mllar manner to the slldlng‘ ilanent

1-

system of muscle actomy051n, appear to be pr f at 1n braln.

The se wence of events ang an relatlonshlp to axoplasmlc
q Yy

trancport has not been eluc1dated. '_]Q N f
_ e A : BT

N

The research on: the molecular mechanlsms of axoplasmlc
transport reported in- thls the51s developed;durlng

:{ .
1nvestlgat10ns on the 1n vrvo transport of 3H leuc1ne 1n rat '

‘:lsc1at1c nerve. In order to examlne the pbsszbllltyvor f
leuc1ne blndlng, and ellmlnate the 1ncorporatlon of leu01ne"
1nto protein, homogenates of rat nerve wvere used. Thé’3H-i
leucine was. added after homogenatlon,'lncubated and

* separated by gel flltratlon using Sephadex._Competltlve
blndlng techn1§ues vere. enployed;—whlch were a STight.

EN .
modlflcation of the technlques developed by Rus=e11 a d Doty

L3

(1973). Thebcondltlons used in the 1ncuhatlon mlxtur's were

'Slmllar to those. shown to favor 1n v1tro assembly of
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mlcrotubule ;XWeisenberg, 1972; Borisy andlolmsted, 1972)
U G ] . «

They were a&so approprlate for tbe measurement cf ATPase 'u

'act1v1ty'%€harnock Russell and Doty 1971).lIt became
apparent that 1euc§ne vas bound to a soluble -protein T
;fractlon from rat sc1at5c nerve. Thls leuc1ne binpnding

proteln assembles 1nto a 1arge proteln polymer, at a rate

.*, .’/"”-
whzch 1s 1nfluenced by the presence of ug++ ionse Under the'

»condltmqns used for blndlng and polymervpatlon, a Mg ATPa e
is \}ctlvated, whlch at tlmes becomes assoc1ated Hlth the.

itEID polymer fract;on., ’f o ,'; S O
- ST : - o EEE SRy

, £ - S ,

. > The propertles of the Ieuc1ne b;ndlng proteln were

'Jexamlned. The number of blndlng sites per molecule of
‘proteln,\the amonnt of bg;dlng protein and the klnetlc data ’
,_for the br\ding process Here evaluated u51ng competltlve'“v
'blndlng technlqnes and measurement of proteln concentrtglon"‘

. J
(Loury, 1951).,Arrhen1us plots vere made of the effect of

"f'temperature on blndlng. In order to evaluate a: p0551b1e~
' relatloshlp between ‘the colch1c1ne blndlng proteln

~(m1crotubu1e proteln) and leuc1ne blndlng proteln, the

;ng of 3H-colch1cine was also studled. Some klnetlc data



|
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1

In order to characterlze the leuc1ne blndlpg proteln,

€

SDsS acrylamlde gel electrophore51s was employed. Using the/
/ L
'method of Reber and 0sborn (1969), the molecular welght of

all. the protelns uas estlmated. The comblnatlon of protelns,

in each gel flltration fractlon, was assesed .as° ’

‘polymerlzatlon proceeded. The data vas compared to the.n
values for bound 3H leucrne rn dupllcate fractlons. Thlsﬁ
‘establlshed a relatlonshrp betveen the presence of a

. ® ,
‘spec1fic proteln and ‘the bound 3H-1euc1ne. In order to~
characterlze any assoc1at10n of the leucine b1nd1ng protein
ulth knovn neuronal structures, colchlcine, urea, tryp51n,

o ATP and RNAase were added to the incubatlon mlxtures.

o £

S Any'pOSSible involvement of ‘the leucine binding protein
" with the process of axoplasmlc transport, would 1mply the

’presence of an . energy source. Fast axoplasmlc transport

d,depends upon. oxrdatlve phosphorylatlon, Hlth aden051ne'

-.v'trlphongate (ATP) supplylng the energy to the transp rt

Zmechanlsm ( 0chs, 1972). ATPase act1v1ty has been -as

hﬂlth mlcrotubules (dyneln—Glbbons, 1965) and neuroste in
~<«e “* e

(Puszkln et al, 1972 Berl et al 1973).’For thls reason, |

the ATPase actlylty (Na*fK+ and ug++) was monltored durlng

the blndlng of- leuc1ne and the polymerlzatlon of the leucrne;'
binding proteln. The ATPase a¢t1v1ty.nas measured uszng a e
‘rapld method establlshed in thls Jaboratory (Charnock

‘Russell and ?oty, 1971“ n<
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The followlng chap%er wlll survey 51gn1f1cant work

A}o..

RS
~publlshed in the fleld of mlcrotubules, mlcrofllaments and

'
T

G
neurofllaments. @he propertles of actln-llke and my051n-11ke

protelns will also 'be rev1eued, along Hlth 'the =1gn1f1cant

features of ATPase act1v1ty present in the nervcus systemw
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‘o LITERATURE FEVIEW

A. MICROTUBULES
) | R Structure and distribution

Mlcrotubules are not unlque to neuronal tlssuea
Homohgpous structures are found in the cytopfasm of
: V1rtually all eukaryotlc cells. ‘The mlcrotubule is a
'cyllndrlcal structure of 1ndef1n1te length, with a‘dlameter
- generally reported as 2401 20 Ao, ’On cross sectlon, the wall
of the mlcrotubule con51sts of 12 13 subunlts, 4 5 nm in
dlameter. .In longltudlnal v1ru, the- tubule has IOWS of

parallel protofllamentc arranged to form a hollow cyllnder

iyz%(Pease, 1963 Barnlcot, 1966' Porter, 1966). Thece :

&

13

mlcrotubules are frequently arranged parallelﬁto the long

axis of cellular extensrons.'
, , 1

Cross brldglng hetween nelghbourlng mlcrotubulei 1s
found only vhen they are arranged 1n closelywpacked bundles,

¥

as in the m1tot1c splndle, 1n 1nt1al segments of the.

neurcnal axon (Palay et al, 1968), og, in the. axons of
Purkinje cells (Kohno, 1964). It ‘has . been postulated that'
the brldgeé serve to sllde tubules or other organelles wlth
respect to cne another. In d1v1d1ng cells, tuhules separated

by dlstances greater than ‘40nm are found to have arms ‘e
) . _ . ;



v

'morphologically identical to cross bridges, arranged at

c regular 1ntervals on the surface of the mlcreiubule

"~

(Glbbons, 1963). Cross bridging or attachment between

!

mlcrotubules and other cellular organelles also occurs.

4% .

S Cross brldgrng between mlcrotubules and synaptlc ve51cles

has been shown in. the splnal cord of lamprey larve (Jalfors~

S §
. and Smith, 1969).1 o ) DR

° 1

¥ - - j . : 2.,?unctiqn,“"

Do Mlcrotubules seen to be assocmated with diverse
cellular functlons 1ncluding, chromosome movement 1n cell
d1v1s1on (Nlcklas, 1967 ‘luykk, 1969) ;sensory transductlon
(Moran and Varela, 1971), development and malntenance of
cell form (Tllney and Glbbons, 1968). 1ntracellular
transport of mater1al 1e. movement of cytoplasmlc

l_constltuents espec1ally in relatlonshlp to axoplasmlc flow
(Rudlnska, 1965, 1967' Bllke et al, 1966' Freed and |

. Lebewltz, 1970' Schmlgt, 1969) and cellular motlllty "
(Goldman, 1970). The dlstrlbutlon of cytqplasmlc ;
constltuents from the site of synthes1s to the slte of
utlllzatlon 1s a- v1tal cell functlon. In the long proCesses
of neurons, product utlllzatlon may occur at great dlstances';

from the perlkaryon* Varlous mlcrotubule dlsrupt1Ve

treatments have been used to 1nterrupt axoplasmmc flou 1n'

‘o t
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neurons (Dahlstrom, 1968- Kreutzberg, 1969) and the
saltatory movement of particles in cultured cells (Freed and

Lebbwltz, 1970). Dlsruptlon of cells with colch1c1ne Causes

I3 —

thenm to lose the ablllty to secrete hlstamlne (Glllesple et ,
al 1968) and 1nsu11n (Malalsse~Lagae et al, 1271). The data‘-

thus far’sugc ,ts mlcrotubules are 1nvol¥ed/in the ordered

'

movement of cytoplasmlc constltuents, partlcularlly those

.whlch are membrane enclosed.

t}‘,
- -~

d The exact role of microtubules 1nxgenerat1ng motlve .
forces 1s unclear. ulcrotubules in c111a probably sllde past
JEach other, rather than contract (Satlr, 1965).‘Thls process
would presumably requlre XTP Hhrch 1s hydrolyzed by thex‘

hlgh molecular Helght ATP'ase atms (dyneln) found bound to

\ .
the outer doublet mlcrotubule of c111a (Summer and Glbbons,’
1971) .- ' IR ».

L .
. . o —
"' Cu TOBULIN
i . : ‘ a . - ‘ .
g,‘"_' S - . ’ (. . . i ' : 3 [ o
) T P Structure'and dlstrlbutlon ‘

P L . ; . \\ _,:;‘ ' 3 ) ! Lo AN . S
e oo SR i S

From a varlety of sources of mrcrotubules a class of '

closely related protelns (called tubullns ) has been f.

[N

1=olated. These comprlse the subunlts of mlcrotubules 1n

i . f

A
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c111a, flagella and sperm cells (Shelanskl and Taylor, 1967,

1968 Renaud et al, 1968- stephens, '968al, and 1n all major

|celfhiar elements of mammallan b 1n (Ralne and Hlsnlewskl,

1970 Peters and Vauggn, 1967 F Iéde, 1970)._Thel'nat1ve'

formoof dlsassembled tubules 1s a»dlmerlc proteln with' a . "

'_sedlmenatlon veloc1ty of 65 and a molecular’belght reported

;denatured in guanldlne-HCL o

‘as 100 /000 _to 130 ooo (Mohri, 1968)a Hhen tubulln 2s '1_‘5

ggoulum dodecyl sulpbate (SDS),“

tvc subunlts of approxlmately.the sanme 51ze are obtalned

9

-Tubulln A and Tubulln B, In’ %;agella, Tubulln 2 1s 53 000 MW

-fwhlle'Tubulln ‘B is 56 000" HH gﬁ@msted et al 1971). Recently'

'| ev1dence has been obtalned that these suhunlts dlffer not N

-
,_; ©

: only in molecular uelght ‘but in cyanogen bromr@e peptlde

A maps and amlno ac1d comp051t10n (Cohen and Rubhen, 1970)-,-}/'

B of the tubullns resembles that of the materlal is

»

Naf*ve mlcrotubular prote1n is phosphorylated spec1f1cally
-on- the B Tubulln (Elpper, }g?Z).,lhe amlno acrd c:Zposltloﬁ?

ated from

- the outer douhlets qf c111a and flagella (Relsenberg et al,ﬁzl

" 1968). In c111a,‘m1crotubules are assoc1ated wlth dyneln (an’f“

ATPase) thch attaches to one” tubule (A tubule) of the duter_:

o doublet, formlng arms or project;ons (Glbbons, 963)3",5.

. N
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-ty Colchic ne b"d; ng 1v1t1 The blndlng of the drug to

‘I

tubulln appears to be very-spec1f1c s1nce 1t birnds only to
| the 120, 000 uw dlmer of mlcrotubular proteln and not to -the-

1ntact mlcrotuhules (wllson, 1970). It rﬁ not kncun whether‘

-rthe dlmer is”’ composed of A or B Tubulln or both. Under

. A - v
favorable condlt;ons one méle of colch1c1ne is fk"

\
- 120, 000 daltons of tubulln. The optlmal blndlng

[

are pH-6 7= 6 8, low 1on1c strength, GTP (1mu), and Hg++ e

(1mu). Destructlon of the blnd_ "ct1v1ty by urea, trypsmn B

or trlchloroacetlc ac1d sugges s act1v1ty is: assoc1ated ulth

6
a proteln (Wllson E 1970?. Idené&cal electrophoretlc

patterns have . been obtalned from colch1c12$ blndln§ materlal
) 'and 1ntact mlcrotubules 1solated from braln (Klrkpatrlqk et _f,

al 1970). Therefore 1t 1s com

nly assumed that the

;‘L/

: icolchlcine blndlng fractlon ’neuronal tlssue 1s in the

. : I -
St o

mlcrotubule subiractlon. Ve 1 T =

O cFe s IR

' . .
'.e’_-' L .- . . /1\_

C The lack of response of assembled c111a and flagella as f
» CI -

well asacentrleles to varlous mlcrotubule dlsruptlve i‘uA
treatments has been well documented.{ﬂowever, these
assemblles are‘susceptahle to colch1c1ne (Turner, 1970). It
; has been ppstula ed that structures con51st1ng cf hlghly

ordered arrangements of mlcrotubules may be stablllzed

.-through 1nterm1crotubular 11nkages, or dlfferentlal f.u:
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' odlflcatlon of the proteln 1tse1‘ (Tilney, 1968). It has
o been(;enerally accepted that thg,h;nding*ofiﬁoi%hicine to

RELEEY
the mlcrotubule subunlts tight. prevent the formatlon of

1nterm13;otubular llnkages. in most cells,_colc 1c1ne

;blndlng act1v1ty (CBA) 1s almost totally fonnd ;n'the

)

100 OOOg supernatant. However, approxlmately one- half of the

=

CBA wéﬂ found 1n the partlculate fract;on by Feit and

i_ﬁardndes, (1970). Subfractlonatlon of thlS partlculate

PR '

~'fract10n showed the greatest spec1f1c act1v1ty in nerve

endlngs and in. m1cros0mes sedlmentlng to the 1. 0 -1.2M
‘o, - -

2 p.sucrose 1ntérfaceuon dlsqontlons gradlents. They therefore.‘

the neurotubules

. ! L .
Colch;c1ne 1nh1b1ts the release of catecholamlnes from

R :the adrenal medulla (Pozser and - Bernsteln, 1971). From the
S -

.above results, Berl et al (1973) proposed that colch1c1ne ”

&
:, was actlng ok the actomy051n-11ke protelns at the ne: re

e -

. fendlngs.

AN :
¥

b,}ypoleotide bin 1_g aé 1v1 ¥ rsolated mlcrotutule proteln
‘ &, -
thus far. EJs be ound to COntaln hound guanlne nucleotlde,

' ,1n a mnfture of GDP and GTP. For each 65 dlmer there are 2

L

) moles of GTP noncovalently bound (Borlsy, 1970). One mole 1s.”

'tlghtly bound andfnonexchangable whlle the other has a.
* 'turnover tlme of 15 mlnutes. The aggregat;on,of tuhulin,was
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1n1t1ally thought to be dependent upon the presence of GTP.,
More recent evldence shovs that the addltlon of ATP (Marx,
1973) or solutlons contalnlng ™ sucrose or 4 M glycerol

(Olmsted dﬁd Borlsy, 1973) also favors polymerlzatlon. In ,
' 0 ! - }
'the pre -ence of spcrose orx glycerol the tlme of - ‘ :

s
>

polymerlzatlon is extended toBS hours.

v
PR
e

c; Phosphatase and klnase act1v1t1v Recently it has been

ﬂreported that purlfled tubulln can be phosphorylated ‘in the

presence of an AMP. stimulated proteln klnase, as-well as

'serv1ng as a proteln klnase 1tself (Sorfer et alp 1972).

T e

_Phosphateﬂls covalently llnked to amserlne resrdue in the

efaster mov1ng of the two electrophoretacally separate&
tubulln bands.'The ablllty of mlcrotubular protein dlmers to |

‘_ﬁpolymerlze couldgbe regulated by the state of | |

‘ phosphorylatlon of proteln subunlts (Elpper, 1972).

°

- PR

-

3. Axoplasmic flow of tubulin

There 1s some’ evidence to suggest not only a Fo%e for
tubulln in- axoplasmlc transport but that tubulln 1s_’.
Q‘transported as well (Shelanskl et al, 1968).-The presence of
tubulln in nerve endings and 1ts transport by axoplasmlc

flow has been reported (Felt et al 1971a).,*ﬁ‘

a s

o
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~4. Assembly of tubulin
ok -~ S

2

'

}§semb11-ig vi&o- Although microtubules in dlfferent cellﬂzr
types appear to be 51m11ar morphologlcally and chemlcally,
they dlffer in assoc1atlon ang- d1=soc1ation stablllty. R

. Colch1c1ne (10 7 M) inhablits polymerlzatlon of" mlcrotubules
from porc1ne'bra1n extracts (Olmstead and Borlsy,/ﬁé#p).

Colch1c1ne also ulqcks the neurlte outgrovth of A

' neuroblastoma cells in culture (Séeds et al, 1970), and of

0

‘_neurons~4&amada and Wessells, 1971).‘Tnu more stahle;b
mlcrotubules are 1nsensmt1ve to colch1c1ne (Behnkt and T
Forer, 1967), hydrostatlc pressure (Tllney and Gi nlns,

1968), and 1ow temperature (Behnke anft orer, 1967)._ ,
; Polymerlzatlon of mlcrotubules reg01 es ug** (<16mu), EDTA
\ : _

“or EGTA,,and Na* The doublet arrangehp§§>1s less st&ble i

ik,

than the nlne perlpheral palrs Ain c111a (Behnke and Forer, 7/'

1967). The cqm;rol of m1crotubu

dlstrlbutlon mn cells 1s

belleved to be dependent upon the namlc equlllbrlum whlch
¢

Lwn

exlsts betueen the polymer and 1ts mo

adeguate/pool of re-nsable monomer (Inoue, 196&). It ‘has

malntalnlng an _

- heen suggested that colch1c1ne blnds to- the monomer anq__/,_\

prevents reassembly. Thls has been accepted as a reasonable

; explanatlon for 1n v1vo assembly. Changes in the 1ength of

the exlstlng mlcrotubule mlght be controlled hy tran51ent

_ condltlons ﬂlthln the cell affectlng thls egulllbrlum..
C : : : I :

St
.



16

Colch1c1ne is belleved by some to prevent polymerliatlon by
shlftlng equlllbrlum to the monomerlc ‘state (Borlsy and
Taylor, 1967) . The control and nlstrlbution of mlcrotubules :
in celds t a’so 1nvolve loci whlch affect the nucleatlon
of the mlcrotubules. These are thought to include the basal,'
body (Renaud and Sw1ft,y196u), centrlole (Gib ns et al,

s 1969) and assoc1ate satellltes, the klnetoch:§>\(8r1nkley

: # and Nlcklas, 1968) and other dense partlcies, many of which

'are membrane assoc1ated. Bridges connectlng adjacent:

\
"mlcrotubules appear to - control dlstrlbutlon of’ the

'l
Q

' mlcr\%ubules as uell as: belng actlve in motility (Tllney and -

'V{Byers, 1969). The brldges may prov1de the actlve force 1n'
\

dlverse motile . processes, a motlon Hhich mlght be carrled
-out by relatlve 'sliding of tubules Past each othbr &"

(HcIntoSch and Porter, 1967' Subrlana, 1968).; . K ’
Qvgi Assembly in g_t' he assembly of mlcrotubules in f
extracts of porc1ne braln tlssue has been characterlzed by
v1sccmetry. CQDdltlQDS for’ ma11mum polymerlzatlon of ‘

".mlcrotubules are pPH=6.7~ -6, 8, 370 C, GIP 22, Onu or. other

nucleotldes,v(ATP CTP, or GDP and GTP). Polymerizatlon

:.7occurs é a\;esser extent 1n 1M sucrose or uu glycerol. In_

flymerlzatlon of mlcrotubules alao regulres Ngt¥,

o t

vEDTA or_ EGTA and Na+ (Olmsted and Bor12y, 1973}. Colchicine_

(O 1 uy inhibits: v1sc051ty devg;opment, but only causeS;

:‘.\



-

spindle..

‘may be nucleatlng centr In the hlgh speed extracts,

N et al, 1971),'

Y

part1a1 depolymerlzatlon of”’ formed tubules (Olmsted and

- Borisy, 1973)._These author‘= report the - morphology, . -

klnetlcs, drug sen51t1v1ty and temperature dependence of the

polymerization cf porc1ne brain tuhulln xﬁ v1trg.%s sxmllar

4"'

to the”iglg;go assembly of mlcrotubules in the mitotic

©

'The in yitro assembly ofpmicrOtubules;‘uSing_subunits

T

.obtainedvfrou/seaxurchin'sPerm tails by treatment uith'mild"
'hdetergent, does'hot:appear_to'be-analoéous tolthatr' |
Apostulated_for the_mitotic“spindie. Theppoiymerdiation_,f
'reactipn was uoteinhihited by cold%or colchicine (Stephens,

968, e -

LI

e .
. mlcrotubule assembly in the lov{speed extracts cﬁ?

. porc1ne braln proceeded Hlth *1e concomltant dlsappéarance

e >
~$ pin

of disg. llke structures. The discs. reappeiged 1£~the tubules“~-

*vere destroyed by cold, colch1c1ne or. Ca*+ These structurese

hl

suhunits form mlcrotubules at 37° after some hours, as

pfcompared to mlnutes 1n the-low-speed extracts.luo-dlsc likev

ﬁsubstances g re present 1n the high speed extracts (Durham
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- . 3..Homology“£o Actig e B .

Hicrotubule pr%te;n from c111a has s1m11ar Froo:. ies

,///to\those of aétln (Glbbons, 1963). The extractlon in lou

1on1c strengthusolutlons, the electrophoretlc nobllity on.

1

7.5% SDS (sodlum dodecyl sulfonate ) acrylamlde gels, the_‘

v

-presence of bound nucleotldes, assoc1ated ATP' ée act1v1ty,

as uell as assoc1at10n of mlcrotubules wlth motlle

»
I

'organelles are slmllar Ashelanskl and Taylor, 1967 Glbbons,

<

| 1963). Colch1c1Le'b1nd1ng proteln from blood platlets and

mammallan braln _bhas the actln 11ke characterlstlcs of
L\

¢

",1nduc1ng the ad%lvatlon of ug++ ATP'ase.of myos1n (Pushkln_"“c

and Berl +1970) ¢ In’ sucrose solutzons, hoth actin and e
' tubulln do not rggulre the presence.ofggucleotldes to ;,
, polymerlze although polymegazatlon is slowert,Addltlon of
.AIP to mixtures of ‘myQsin’ andvpolch;plne bindlng proteln
sresulted 1n a decré&se 1n the relatlve v1sc031ty, vhlch
,increased agaln 1n 30—60 mlnutes. Thls is 51m11ar to the

"\
J{.muscle my051n and actmfﬁpreparatlons (Puszkln and Berl

1970). ulcrotubular proteln and actln dlffer 1n molecular"
"gweight, electrophoretlc mohlllty in 5 % SDS gels and amino

acid composxtiou, The actln-llke proteln may be a55001ated

wlth the synaptcsomal membnane or Hlth mlcrofllaments. The
r3-methy1 hlStldlne marker found 1n actln 1s not found 1n\“'

jmlcrotubules. The data suggests that as in actln T
<] <
polymerlzatlon, the. blndlng and hydrolyszs of guanlne
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”nucleotides might7be signifibant in the. microt':ubvnle'-f"‘r-‘r
;assembly. The acsoc1atlon of guanlne nucleotldes wvith_ .
1solated mlcroﬁubule proteln 1s 51gn1flcant in St&blllZngn
“the native conflguratlon,of the_protelna

. i_ e . R : :
C. t_anunoivlmu'iu—:cs
[ N ’

,/ . ! - ) P IS

i

found normally in the cell body and ‘axon' of the neuron.

1s composed of globular subunlts and often has small arms

protrudlng from it (Huerker, 1970). A ‘subunit of 60 000 MW
has been 1solated from mammallan braln (Albert et al, 1970).;

A larger subunlt of 73 000 MW has been 1solated from squ1d

t

axon (DaV1son and Taylor, 1960 ﬂuneeus and Dav1son,7ﬂ970).

°

A s
.

¥etion of the neurofllament %as not been o *WQ X

, establlshed. Some researchers,believe that ;t may functlon e

as a ﬂ@r of the force genertting mechanism 1n axoplasmlc

e -t

transport (Welss and Mayr, 1971). Some cases have been -

— . AP P

c1ted vhere there seens to be a revers;ble replacement of L

»tubules by neurofllaments ;éeters and Vaughn,°1967-

chnlewskl et al, 1968).
) L

The neurofllament 1s dlSSlmllar to mlcrotubules, 1n
'eamlno ac1d comp031tlon. Unllke mlcrotubules, 1t does not -
blnd GTP or colch1c1ne (Dav1son and Hunens, 1970); A nunber

N . . . 5.
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of agents-'alumlnum, colch1c1ne, vrnblastlne,

podophyllotox D, various nitriles and acrylamlde have been
\ o

reported to induce prollferatlon of ¢ neurofllaments

(Shelansk1 and Taylor, 1970 W1sn1evsk1 et al, 1}70).

"D MICROFILAMENTS

‘ o N y, ‘buo‘
hlcrofllaments are flne, fllamentous structures, 40 -60
vA° ifl dlameter. They have been/%ound in a varlety of plant
. and anlgal cells, at pornts Hhere contractlon 1s belleved to '
etake place. They are fcund in the tips of growlng axons and

in the mlcrosplkes whlch project from thls growth cone.:,ﬁl

ulcrofllaments are arranged in a polygonal pattern in the ;
‘grcuth cone and in an extended llnearly orlentated pattern

'in the mlcrospikes (Yamada et al, 1970).

:by electron mlcroscopY: sugéests that they may he 1nvolved
1n cytoplasmlc streamlng, cytoklne51s, nerve axon

productlon, changes in cell shape durlng embryo productlon,‘
blood clot retractlon, amoeb01d movement and other forms- of
cell motlllty (see rev1ews by Jahn and Bovee, 1969 Wessells»
tet al, 1971). The mlcrosplkes, whlch contaln mlcrofllaments, |
contlnually extend and retract prcv1d1ng dlrectlcn for the»:y. v

elongatlng axon (Hughes, 1953 Nakal, 1956).

!
SN ~ ¢+ .

. h . .
AW -
v
L3



21,

» - . v ; B !

-:‘_/'" o ' o o V.'

The structure of . mlcrofllaments 1s revers1bly dlsrupted

by cytochalas1n B (Schroeder, 1970 Wessells et al, 19710.‘m»'

Cytochalas1n B also 1nteracts u1th muscle actln and. appears

'to compete Hlth muscle my051n for the bindlng Tof. actln. It

ER

- [SE S

has been suggested that mlcrofllaments may be Jctmn—llke v
‘fgprotelns (Spudlch and Lln, 1972). ¥

.. <

.

# o . E. ACTIN AND MYOSIN LIKE PROTEINS
. P ‘ : - S . A ’ .'/," ’ o (;"

o
»

’_The 1solatlon of actomyos1n-llke, actln-llke and my051n-11ke‘

} protelhs from various sources, 1ncluding mamma11§§ brain
have been descrlbed. The protelns from mammallag ‘brain :§re

" named neu;cstenln,-neurln, and stenln, respectlyelyr,

pry

" o 1. Actin_like proteinms |
% S B ] . ‘ "' . ' . . . '1
. . S o

-9 Dlstrlbutlon. Actln llke proteln has been 1solated from

'e_sea urchln eggs (Hlkl—Noumura and Oosawa, 1969%, sperm talls_

s and the mltotlc splndles of the crane fly (Behnke et al
1871), mammallan braln and from cultures of chlck

. sympathetlc ganglla (Berl et al, 1973).'

4
-

"Q& Fun t The neurin, llke muscle actln, stlmulates the -

' ug** ATP'ase act1v1ty of stenln (my051n-11ke neurcproteln).

I The relative v1°éos1t1es of: mlxtures of neurln wlth stenin,
P . ! . b

2

e

]

R



neurin uith myosin, and actln with stenin vere 1ncreased and-
: fbecame sensitlve to added ATP, 1n a 51m11ar manner.to muscle
actln and my051n mlxtures (Berl et al, 1973). The m;xtures.

:W:x7rap1dly decreased in- V1soc1ty, upon addltlon of ATP, and .

\‘5:then 1ncrea=ed agaln as the ATP was hydrolyzed. S;mllarly to”

actln, the neurln contalns the 3-methylhlst1d1ne marker.;SDS

»

g %
-ayy@?gi electrophore31s on polyacrylamlde gels has 1nd1cated the

"._sucrose gradlent of membrane proteln from a rat braln

synaptdsomal fractlon%ga§§51mllar to neurln, 1n that 1t

L\‘ )/)
demcnctrated llttle enzyme actQV1ty alone hut enhanced the

~hg+* ATPase act1v1ty of muscle myos1n (Berl et al 1973

1

1966 Freed and Leﬁoultz, 1970 SChmltt, 1969) and‘oellular'

‘motlllty (Goldman, 1970).‘Act1n~§1ke proteln may be

‘associated u1th the memhranes or uith mlcrofllaments in -

. i ' [
clc¢se proxlmlty to plasma memhranes 1n neurons and in, glla

2
¥

v'(Uessels et al, 1971). 'N"l'., -

PE
.

Cs hg_ rz_ Neurln 1solated from braln tlssue contalns

Abound nucleotldes, uhlch exchange ulth free l4C ATP. Neurln"

polymerlzes in the presence of 0.1 H KCL ang 0.1 oM ug**

fwlth the release of 1norgan1c phosphate. The ablllty to

-

1solate neurln from neurostenln is like that descrlbed for

.hmuscle actomy051n (Szent-Gyorgyl, 1951). Ihe neur1nvﬁrom

o .
i
Ft

‘to reported values for muscle act1n of 43- 47 OOO HW. The "i;

! *

-

of neurln to be approxlmately 47, 000. This value is close‘_'
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bovine brain,and‘also the colchioine'bindiné material

-

. reacted 1mmunologlcally wlth antlserun to neurostenln, to
form a s1ngle band. Thrs seems to 1nd1cate that comn%n

» antlgenlc propertles exlst between the proteln 1solated from

the microtubiles and from neurin (Berl ‘ot al 1972)-,'

L

Cee ’n;2.*hyosin;like troteinS'

uy051n like proteln has been obtalned from non-muscle
‘:tlssues such as acanthameoeba (Pollard and Korn, 1971),» B
sllme mold (Adelman and Taylor, 1969) and mammallan braln

(Berl et al, 1972). s f L he, o Afﬁ

The relatlve v1scos1ty of mixtures of actin vlth

:_stenln, and neurln wlth stenln, Vere 1ncreased by and ) '

"sens1t1ve to, added ATP as descrlbed for achln llke ..*_‘ibfg

o protelns.,The ves1c1cle proteln 1snlated from the rat 'fe-,f;;

' synaptosomal fractlon, Has 51m11ar to stenln 1solated from
whcle, braan or synaptosomal neurostenln._uy051n-11ke '.'f‘ i;§°"
protelns may be located in the veslcular membrane, or

. assoc1ated Hlth 1ts ex%erlor or partlally embeded 1n 1t
(Berl et al 1973). uy051n-11ke protelns and- veslcle proteln

| exhlblt Ca+* stlm&%ﬁted ATP'ase act1v1ty and llttle ug*+

' @
stlmulated actIvlty (Berl et al, 1973)

<’)>_.

PN
o

N -

Slmllar to- strlated muscle myoszn, stenln ccntalns the~

‘sane 3—methylhlst1d1ne and N—methyllzslne mérkers (Berl et j_‘

: T . . : A
i -
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.al, 1973».\SDS gel electrophore51s on.polyacrylamlde gels

1ndlcates that the uw of stenin 'is 240 000 (Berl et al,

o

@

1973), uhlch is close to- the accepted value for muscle :.

myosin of 190 000~210 .000,

e 1

3. mctomyoslm‘like Proteins = . -

@

. Y \
<. \

‘.f . N - ' S
Contractlle protelns 51mliar to actomy051n have been

1solated ‘in asc1tes sarcoma cills (Hoffman-Berllng, 1956),'

»;blccd platlets (Bettex,\Galland and: Luscher, 1960), adrenalt

' medulla', slime mold plasmodla (Adelman and Taylpr, 1969)

et al, 1972) These could not however be 1solated from }. <

and synaptosomal fractlons from bovrne and rat braln (Berl

fax

-purlfled mltogpondrlal mlcrosomal myelln or supernatant

"fractlons. From 8-10% of the synaptosomal proteln uas

.1solated as neurostenln.

‘proteln) and neurln (Pnszkln and Berl, 1972). Th

[

. Ihere are common - antlgenlc propertles between-

neurostenln and colch%c1ne blndlmg proteln (1e.-mlgrotuhmlar ‘Q;

1solat10n
w7 _
of nenrostenln from nerve end;pgs in the synapto omal

suhfractlon of braln tlssue ralses the speculatlcn that thls -

'proteln may functlon 1n movement to the herve endlngs 1n'

assoc1atlon wlth plasma membranes amd neurofllaments.,

LI



~° . PRCTEIN BINDING
PO - SN
u}fy protelns are able to 1nteract Hlth small

molecu es, and form complexes by secondaty Valence forces. o

Thls blndlng can elther be spec1f1c or non specific.’ There
=f.

may be more than cne spe01es of blndlng 51te for a llgand.

o

Examples oﬁ>b1nd1ng are found in 1nh1h1tor or suhstrate
‘}' .i,q,{ .
blndlng to an

N
and prote;n blndlng of sterrg@g vltamlns Or . metal 1ons (see

Sy

ihzyme' blndlng of drugs to plasma protelns'
' .

’ !

Hurphy, 1970' Wood and Cooper, 1970 for rev1ews). ‘The

blndlng of the antl—mltotic drugs, colch1c1ne, V1nb1ast1ne
N ) /{
o and v1ncrlstine to mlcrotubule proteln has also heen shown

1Helsehberg, Bor;sy and Taylor, 1968). ,-" . ,fqﬁiﬂ

-ty

The presence of spec1f1c—b1nd1ng 51tes on a proteln

make 1t po=51ble to develop & sensltlve, spec1f1c assay for

'.;I

the hound materlal u51ng competltlve blndlng technlques.% =
Th;s would 1nd1cate the level of the c1r¢ulat1ng bouﬁd _
: materlal 1n éddltlon to the . level of ;he free. ma%&rlal uhlch

is ncrmally measured (uurphy, 4970). e 5 ﬁ%d}”'
- L ‘ - . " : o3 ,

'Subseguent chapters descrlbe an 1n v1tro proteln _

blndlng system from rat sc1at1c nerve. The propertles of

thls system are used to devélop a- model for the axoplasmlc

"? \ et

transport in- perlpheral nerve." : R EL Lon

1
").\
g



" CHAPTER 2
s N a
 HETHODS AND MATERIALS
Qo o

A.lPREPARATibeOETBINDING PROTEIN

- AWlStaI‘ male rats (300'u509) were purchased from Woodlyn —————————

Farms, Guelph3 Ontario and boarded 1n the Health Scrences e
N _
Anlmal Centre. They were anesthe51zed wlth 45 mg/kg Sodlum-

a

: e
Pentobarbrtal 1D1abuta1), wlthout pr01r starvatlcn‘ The ¥

sciatlc nerve was exposed ﬁorsally by dlssectlon from the

r ?) )

-dlstal end of the tibia to ‘the splnal cord “in the: region.
'Iwhere the L5 dorsal\root makes 1ts entry. Each cc:LatJ.c nerve
u(excludlng the gangllon) Has removed wlthln a 15 mlnute tlme
.‘_1nterva1 jand placed 1n 1 ml of 50 oM phosphate buffer
r'contalnlng O.3H sucrose and 2. Smu EDTA, at pH-G 8. The\ ,
‘%_“§erves were then homogenlzed with a Potter-Elvejhelm ) |
homcgenlzer. Charcoal (600 mg of Norlt A-Flsher Chem1cal
‘Cc.,uontreal Quebec&, vag: then added. The preparatlon uas
Adthen refrlgerated overnlght, 1n order to strlp the . »
\p’pendogenous materlal from the proteln blndlng 51tes. The hﬁ@ﬁ

derve preparatlon vas then Centrlfuged at 1000g for 10

\

;'ml utes at 4° C. ‘The supernatant was recentrlfuged tu1ce

o

_ more under the same cond1t10ns.~ o SR

N Y
- 3 .

Iheghigh-speed-fraetion_(1QQ,OOOghsupernatant{EuasJ&'

Q
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e

' centrlfugatlon was complete.,

£ “epared follow1ng essentlally the same procedure as above, ¢

S

‘wlthLone further centrlfugatlon. Ihe lov-speed supernatant
wag centrlfuged at 35 000 rpm for 30 mlnutes,ln a Beckman
L2~ 50 ultracentrlfuge at 20 1n a type 50.1 rotor. The

_supernf+ant was then removed and stored at ¢o c, Urea (1. 3M)

ac added to several of the nerve preparations (1 1), after_

'B.ASSAY SYSTEM - e

i
a

’ L leuc1ne 4~ 513H (30C1/mu), L—prollne—3 -4~3H (29 8 Cl/mﬂ),tv

thymldlne methyl-3H(50.3C1/mM), or succ1nlc-2 -3-3H acid

“(5 Ocl/mu), (New England Nuclearr Dorval Quebec ) were

‘_dlluted with: dlstllled water to 6:{10’3 mC/ml. Cclch1c1ne

!

(rlng, c methoxy1-3H° Amersham/Searle, Chlcago IllanlS),
Q
was dlluted wlth absolute ethano}. Allquots 0. 1 ml) vere

plpe%ted 1nto 13x100 .mm testg¢ubes and dried 1n a’ vaccuun
Lo , a~
oven at 220 C. - -.£ o I o o Do

. . i »
L-léucine; L-prollne thymldlne and succ1n1c ac1d (Slgmaa»'

Ry

s )
Chemlcal Co., st..LoulsLﬂwere dlssolved 1n dlstllled water

€
‘t‘

’ to glve a final concentratlon of=100 mg/ml. Standards of 10

)

x10-6 g/ml were p;epared from tuls solntlon. Test tuhes

Wcontalnlng 1 -10 x 10—6 g otzjgeﬁstandards were\prepared and

)

dried in a vaccuum oven at 220 c,’ = . S '~_5

o . /", -
a L =
. , .

-
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C. GEL FILTRATION. C—

O -
a : c

G-200 Sephadex and ‘G- 25 Sephadex

1

¢

(Pharmac1a Uppsula;, Sweden) vere prepared lnfslurry form by

‘soaklng ,with 50mM phosphate buffer, ‘pH= 6 8. Glass columns e

Yoo

rfltted wlth 20 ml reserv01rs vere usﬁd. The columns were > ‘
plugged wlth flne glass wool* and filled Ulth 250 ng of the

fSephadex slurry. “, i

LT D. 'PROTEIN BINDING - - .~ &

S

Einding"studies wereloonducted'ijadding-0.1‘ml samples;

of the nerve preparatlon (1000g supernatant) to tubes

,contalnlng the drled, trltlated leuc1ne. ug++ (24 SmM) was

h ‘om

‘added to some of the 1ncubatlon(m1xtures, as was colch;c1ne £

(0.25 uM and 2.5 mn ) or 3 ‘oM ATP. (Adenosrne S—trmphOSphate"

_Slgma éhemlcal Co.,st LODIS). {he samples were 1ncubated for

a

varylng lengths of tlme, normally at 22° C, unlecs othervlse

o

.,‘,‘,_,.' :

- stated.. B B 3 ' R

2y
=3
L
. B

The 1ncubated radmoactlve proteln preparatlon was

Pplaced 1n the glgss columm just aboVe the level of Sephadex;

Hlth a Pasteur plpet. ‘When the sample had passed 1nto the
Sephadex column, it Has followed by a 0 1 ml buffer rlnse,

\
then 10 mls of buffer uas,added to the column recev01r. The
P _

: '{C’”, : . S . . . . e

G T T

4



eldatevfrom_ﬁﬁe'éplumnfias coilecteﬂ in. 1 dfop'(05053 ml)
fractions, directly into-liquid scintillation counting

. -.' . : L. < . - R
vials. Aquasol. (7 mls; New England Nuclear) vas added to

each vial,,the samples cqcled~and counted ihia.Nuclear-

Chicago Mark 2 liquid scintilla;ionicouqfeer'

Blanks, consisting of buffer'incdbated"vith redioactive.

@ . " :
‘leuc1ne vere run through the Sephadex’ co’ mns.yControl

samples uere 1ncubated smmultaneousiy wlth experlmental

.samples‘to determine the total :adloact1V1ty present 1n~the; _

preparation, S .
: . . )
- , o, - ;E
~ ’ ) E.'* COMPETITIVE PROTEIN BINBMNG
= T . S .
1. 38 ;eucihe- T . S -

Aliquoits of*051'mlxqf nerve preparatiqn.ﬂetefadded to

i,

 13x100 mm test idbés contaihing'the driedu‘}éaioaétive

“1euc1ne, and 1ncuhgted at 229 C°for 6 hours.‘lt.fhis time

lthese prote1n-3H 1euc1ne samples Hene removed from the

1ncubat10n tubes and placed in test tubes, in which 1 10x .
o i .

1(}*'6 g of non-radloactlve 1euc1ne had previously been drled””‘

Tuhes contalnlng the neuroproteln, radloactlve 1euc1ne and

non-radloactlve 1euc1ne (as. requlred) were left for a’

"
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fractlrnated on G- 200 Sephadex and the percent radioactive
leuc1ne bound was,determlned. A blank sample (lahelled
leuc1ne, 0 1ml buffer) and a control sample (1ahe11ed

'leuc1ne, 0. 1m1/prcte1n) were run 51multaneously. N

standard blndlng curves vere constructed by plottlng o
. \ , ‘
percent’ bound 3§ leucine as a functlon of the tctal. 3H
leuc1ne_presenta

. . T . - . T .
A . T . o Yo
- ) S0 St . . : .

: a4 " o - T - o
L 2 5pecificity'of binding sites
<l , @ . B RIS

Allquots of 01 ml° of ‘the’ nerve preparatlon uere R
-lncubated Hlth SH- leuc1ne and 24 5 mu ug++ for 6 hours at 220
c, as prev1ously descrlbed. After thls 1ncubat1cn,~samp1e5""$
were remoféd and added to test tubes cOntalnlng 1-10 x 10—‘
hg of‘radloact;ve”prollne,.thymldlnei or succznlc ac1d and .
'Eincubated for'eefurther 18 hOurs. The. samples were then .

’fractlonated on G 200 Sephadex columns and counted. Blanks"f’

-sampIes w1th 1ncreas1ng amounts of these other ccmpounds

added in order to. determlne the spec1f1c1ty of the leuc1ne"’l*

'blndlng cltes.
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¥, ATPASE MEASUREMENT . T

The ATPase activity was measured by a B* mEacuring
procedure prev1ously reported (Charnock, Doty, Eussell,‘
1971). In thls method, the hydroly51s of ATP by the

preparatlon is contlﬁously monitored by measurement of‘the:

change in pH assoc1ated with the formatlon of 1norgan1c

1 .

L4

phosphate from substrate ATP. Each sample was back tltrated

with 0.1N uaOH, in order to callbrate the system. The slope

..ot the pH record1ng<;s converted to egulvalents of H+77

/mln./gm of proteln. _-""i?

Samples of nerve preparatlon 0.1 ml, 2.5 mH ug++~

added), vere mlxed Hlth hl ml of buffer (QOmu N%+, ZOmH K+,

nM Mg++, 2. 5mu rgfe- Y+ pH=648. mhlsjsolutlon 1s stablllzed a

376’C,: nd 1mM den051ne S-trlphosphate {dlsodlum. Slgma:
Chem1cal Co.} added. The ensulng reactlon was recordeds

Ouabaln (0 2mﬂ Slgma Chemlcal Co) Has selectlvely added“

0'

t

1..:-

leOI to the ATP addltlon, in order to 1nh1b1t the Na+ + K*

ATPase act1v1ty but not the Mg++ AIPase act1v1ty.
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G. PROTEIN coﬁcnummmnf”

- Proteln concentratlon was determlned by the Lowry

method (Lowry et al, 1951). 20, 1 ml sample of the firve
& '
preparation vas generally fractionated on G-ZOO Sephadex

\ columns before the proteln»concentratlon was measured. The-
standard used for the determznatlcn was prepared from bov1ne

serum albumln.rSamples were read at 750 mu, in a Un;cam SP .

500 Spectrophotometer._i D : : ".{71:'

. j'Sodium dode:y? sulphate (SDS)-gelrelectropmoresis on’

7 5% acrylamlde ¢ 1s (1! SDS, 1% mercaptoethanol su urea)

were prepared by the method outllned by Heber gnd

Osborn,(1969).lmhese gels Here 5 nm in diameter and 6 cm 1m

’///1ength. The voltage used uas 8 mA/tube. Separatlon of native
protelns on polyacrylamlde gels 1n the presence of the . |
-f anlonlc detergent sodium dodecyl sulphate, has been shown to

be dependent on- the molecular welght of the polypeptlde
o A .
‘chalns. Samples of 0.1 ml of the nerve preparatlon 11th
"}2.5mh ug++ present were 1ncubated Hlth 3H-leuc:.ne for. 1 and

6 hours at 229 Ce These samples vere then fractionated on . G—'"



->200 Sephadex columns _prior fo gel. electrophore51s. Samples
of mouse muscle myos1n, C protein and actln were prepared. by
the above procédure and run on 7. 5% gels. These were used as
centrols, o S - R

[

'ﬂ Collagenase (0. 05 mls Form 3), (Advance Blofactures

| Corp. Lynbrook N.Y.), vas 1ncubated Hlth the hlgh molecular.
welght groteln fractlons for 1 hour at 379 prior to gel_'.
electrophores1s, in order %o test for the presence of - :

collagen in the samples. A, blank contalnlng collagenase and

buffer was also 1ncubated for 1 hour at 37° C and run in - the

gel electrophore51s experlments. LT *

‘T. CHARACTERIZATION OF BINDING MATERIAL

/e .
B [

”V1.3Trypsin IR

A 0.1 ml sample of the nerve preparatlon was 1ncubated
"Hlth 3H-leuc1ne and 2 5mu ng+ fd”ﬂ’hours at 220 C.,Thls ;

preparatlon was then fractlonated on G-AVO Sephadex. The

hlgh molecular Helght fractlon(fractlon# 5 6) contalnlng thef_'

bound leuc1ne was separated out and 0. 05% tryp51n (w/v)

4 1

(Baltlmore Blologlcal Laboratory,Baltlmore Maryland), was
added to the 1ncubatlon mlxture, for 1 hour at 37° C. ThlS
'sample Gas aga1n run through a G-200 Sephadex column and
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<-,£%?
i _1 : !

protein determinations run on each sampile.

2. RNAase

RNAase Has added to nerve preparation, (1x10“4 g/O 1m1 .
. .

sample). ThlS sample vas 1ncubated wwth 3H-1euc1ne and 2 Smu

ug++ for 4 hours at 37°C. Subseguen fractlonatlon on G 200
Sephadex was used to determlne the p051tlon of radloactlve
leuc1ne and proteln. Unfractlonated samples were used as .
controls to determlne total radloact1v1ty.

-

J. TON MEASUREMENT
C e o e

~ Na*#, and K+ 1ons nere measured Ain samples of rat nerve

preparatlon, rat gastrocnemlus muscle, rat blood samples, in

the phosphate buffer solutlon used for Sephadex flltratlons,‘--

i

~and salt solutlons used 1n the ATP'ase measureuents. These‘

meacurements uere made using an IL Flame Photometer, uodel
1u3._ - S e ’ﬁ‘.-f. LT R
S : N » ® : T :

Total concentratlon of Hg++ and Ca++’ 1n rat nerve

s

preparatlons (H;th and wlthout 2, Smu ﬂg++ added) and in the'\'

rat muscle preparatlons were determlned bz atomlc absorptlon

- N

' technlgues.






~ ml) of each of the preparatlons were 1ncubated Hlth

CQ

. these sampiesa

'homogenates, and “in the varlous sclutlons used in the

He TISSUE SPECIFICITY OF BINDIﬁG PROTEIN

}
“

Rat gastrocnemlus muscle (0.2 g/ml) was added ‘ to the

buffer (0.05M PO* 0.3H sucrose° 2.5mM EDTA, pH-E.B). Rat

'blood (1.0 mls) was also added to a 10 nl allquct ‘of buffer.

e d

Both of these samples were prepared in the same manner as

the lcw-speed rat sc1atlc nerve preparatlons..Samples (0 1

. /‘.
.«

radloactlve leucrne (2 SmH ng++) for 6. hours at 229 C. These
\q
samples u@re,then separated'oan-ZOO Sephadex cclumns ‘and

the fractioms ccunted toddetermipe the amOunt of

radioactivity which might be prorein‘bouud in either of

‘I. ION CONCENTRATIONS

Varlcus ion concentratlons (Hg++ Ca*+ Na+ K+), were

l

measured 1n the 10009 supernatth of ‘rat nerve and muscle

experlmenfs. The -results are as follovs. B .w"
2 T ’

A. Rat;sCmatlc nerve hcmogemate‘__ o \ e
. : ° ! .
Nat =70 mM - -
K+ =7,5 nM e

-l ' : A

Cat+ =2;01:mu$_‘ R o
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’-/;' . !
Ba Rat sc1at1c nerve homogenate Hith 2.5 mM Hg+* added.
. Mgt =3.56 am - | . ! |
. ‘Ca** =1.84 o ¢ |
| The actual addltlon of Mg++ as measured by atomlc
absorptlon technlgues =2.56 nM, ..5; ‘.. )
C. ﬁat‘muscle;homogenatesg o: o
Na+t =d5.mu | ‘h ' Y
K+ =7,5 w o e I

A S
cats =1 ’ésdmu; o S ‘ . ' ‘

'D{ Phosphate huffer used in column preparatlon and forv
elutlng buffet. | :

Nat oy mm . | -

K+ =153 am . - T o

A o e . fh o .‘ -‘:*:»,M.

gEQéEalt.Solutionsiused‘for:ATPase.measurements. if" R

 Na+ =85 mM . R N "

K+ .‘;.-29'.57'1{@ S oo
B U ® J. EFFECT OF EDTA

EDTA blnds Mg++ and Ca++ 1onc in a ratlo of 1: 1. It has

51@ a greater afflnlty for Ca** Jons (109 X Ca++-10 6), than for.‘

ug** 1ons (log K Hg+*y 8.7). on. thls ba51s, it may be shomn7

that free, unbound Ca++ in the 10009 nerve/homogenate,,after

addltlon of 2,5 mM EDTA . 1s egual to 0.025 mu. Ihe free
unbound Mg*+ 1s egual to O 5 huz/;ﬁ/;;:p;es Hithfz. mM Mgt++ -

- .
N . ERE ’




‘added, .the total free Héi-# isfe.qual to 3.0 mM fﬂgH'-

@



CHAPTER 3 ',

RESULTS S

[
'A. LEUCINE BINDING

@
_")‘
o

v3H-leuc1ne (1 1x10°° u) blnds 1n v1tro at 220 C, to- a

£

hlgh molecular weight fractlon in the 1000g supernatant from B

.lhrat sc1at1c nerve. Fractlonatlon of thrs 1abelled materlal
on G-200 1nd1cates the labelled peak to be 1n the v1c1n1ty
“of fractlon #5 & Plgs.l and 2). ThlS reglop v1ll hereafter

be referred to’ as peak: 1. The area after fractlon 17

-..~ §

contalns free (unbound) leuc1ne, and small protelns or

polypeptldes. Referenceamarkers 1ndicate the retentlon v

T volume of . 302 000 MH collagen (fractaon #8) and 68,000 MH
bov1ne serum albumln (fractron'# 16).,a,' e

/-;

Flg. 1 shous 3H-leuc1ne blndlng in the presence of 2e 5 '

' nM Mg**-The 3H-leuc1ne is- a//ocrated with the hlgh

'-f..

molecluar welghﬁ fractio//fpeak 1) within the 1n1t1al one~

,.____.....

S

hour 1ncubat10n perlod, and lncreases W1th time. In the

/ "b’

absence of ug++, with. other factors ‘held constant (Flg. 2),.,-...'~

the 3H-1euc1ne appears bound to a lower molecular aelght

g



A

in Flgs.,1 and 2.'

’ ' . . . .- N . o
e E .

-;nerveu uere 1ncubated in i

v-tlme.' R o s

. . \ L
ju), Flg.7 were 1ncubated 1n v1tro for 2Q;kou

.1000g supernatant, under the same condltldmﬁu

",compounds b1nd in the peak Te hlgh molecular welght uﬁ

2 .
wl T

: fractlon, #10 11. Thls bound’fractlon appears in R

progres51ve1y larger molecular welght fractlons, untll at 17

hours, it becomes assoc1ated Hlth the peak 1 area (Flg.2)._

The tlme course of 12 vrtro blndlng of 3H-1eu¢1ne,‘w1th

[ 3
and wlthout Mg**, is 111ustrated 1n Flg. 3. Each data p01nt

P \ u

.'represeuts the total bcund 1euc1ne 1n fractlons 1-16

el

(1nclu51ve). The 1n1t1al rate of blndlng vlth no. Mg++"

»:present is much slower than the rate Hlth ugt+ present, and

- appears to be a two step reactlon. Thls 1s also eyldent

L
o

Samplés of the ’ 'OUOg supernatant from rat sc1at1c‘

wlth 3H~leuc1ne, and Hg*# and

° -0

fractronated on G-25 Sephadex (Flg. ﬂ).-The amount of 3H-

Y.

:1euc1ne present 1n fractlons #9, 10 1nc%eased with 1ncreas;ng

"7

/ Re

Thymldlne methyl-'H (1 0110‘3H),_Flg.5 L-prollne~3 u

e

34 (2 2x10 3 M),bFlg.S and succ1n1c acid-Z 3 3$ (1 7,x10° =

x-&“?

‘leuc1ne (22° 2 5 mu ug*t° G-200 Sephadex). uli,of these

/

and present 1n the 1ouer molecular welght fractlons. Prollne

.,1F19. 6) may be an exceptlen to thls, blndlng sllghtly to

v

r}'fractlons.,ﬂhen ug++ is- not added the blndlng 1= mlnlmlzed,;ﬂ



B " ‘ u1,

o R e b | 7;1?

the peak 1 fractlon ulthout Mg++ present. "R small degree of
. : [

: blndlng occurs in the peak 1 area Wuthout Mg++. present.‘” .

s W RN
i "\

Colch1c1ne (C-methoxyl 3H) blnds in v1tro te the low R
speed, 10009 supernatant, 1n the presence of. 2,5 nM Mg++

durlng a 24 hour 1ncubatlon perlod (Flg.B). After

3

fractlonatlon on G-ZOO Sephadex, the radloactlve colch1c1ne
is fcund on the snﬁller molecular welght fractlons,'eluted
at fractlon #9, as compared to the blndlng of the other

compounds to fractlons $5,6 (Plgs. 1, 5 6 7). Free colch1c1ne

: appears after fractlon $#17.
1 . N I-:‘ 4;' .D

R '
e

) = . .7 - e T —
P T . . ) oo : , ~

B. COMPETITIVE EINDING

™
A typlcal leuc1ne blndlng curve over the range of 1- 10

o

X 10"6 g/ 0. 1 ml of preparatlon is shown in Flg. 9.\Each

o 4 ——

,data p01nt in thc upper curve represents the total amount of.
»,1eucine bound 1n fractlons #1 16, from a 10009 supérnatant.
Nontrltlated leuc1ne was added to- the preparatlon after 3Hw,

.--leuc1ne had been allowed to’ blnd for 6 hours. The 1ncubatlon

o .

was ccntlnued for an addltlonal 18 hours. The condltidhs

were the same as in prev1ous experlments, where the 1n v1tro.

o

: blndlng took place vlth 2. 5 mH Mg*+ present, and at 22° C. .
: - I <
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Each data p01nt in the louer curve represents 1a€ amount of =

«
o -

'leuc1ne bound only to the peak 1 area, under the sap///

Vi ~

condltlons as, above. A 51gn1f1cant fall in percent bound
®

'occured between Qru x 10-& g, in both curves.,Thls 1s

egulvalent to a concentratzon of u ng’ 1euc1ne/l of nerve
'preparatlon. The average percent bound 3H-1euc1ne, after |
e 1ncubatlon and fractlonatron through G-200vsgphadex columns
was 53.6%: o. ) (sn), n=6.
- ) !‘ . ) % ) )
Non radloactlve prolrne and thymldlne vere added to the
3H~ leuc1ne bound preparatlon in the samé manner as: the

nonradloactlve 1euc1ne. The competltlve eff1c1ency of 10 x
o 10-e g/O 1 ml of prollne for the 1euc1ne 51tes Has 3+ 1.9% -
(SD),.n—u.;uhere competltlve eff1c1ency is. deflned as the'

,concentratlon of leucine cau51ng an - equrvalent change 1n

blndlng //the/:;ncentratlon of prcllne present. The

competltlve efflcuency of 10 X 10*6 g/ (115 1 nl of thymldine 1 ‘7

£3

- was 2% 1 5% (SD),kn_q. . -.%"" - "

Competltlve hlnd&ng of 1euc1ne was also demcnstrated in

s)\'

.the hlgh speed cupernatant after fractlonatlon en. G -25

-

' Sephadex(Flg.10). Wlthln a 10 mlnute 1ncubatlon perlod,.

51gn1f1cant 3H leuC1ne blndlng ocggrgd. Blndlng at’ these low

t1me 1ntervals could not be demcnstrated on G-200 The

~molecu1ar welght ranges for these two types of Sephadex

4

dlffer vldely. Slnce leuc1ne-b1ndSeto‘the 10Verlmolecularr

e SN ‘ s ' T

thi ’ ' N ~ ) ) “a
4 // . g T 42
, . . . R Sy
kK ! ' . o . o ‘.v;’:
S
‘

1
-
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weight ranges initially, 3H-leucine binding would be more
'. - 0 . .;'.‘4:- ‘ N . . " .. . } s . . ‘
evident on G-25'sephadex at .the shorter time intervals.

=

\

Y

: e i o
Ce CHEMICAL INTEREFERENCE WITH BINDING -

Flg. 11 demonstrates that the presence of 0 65 M urea
in the low speed supernatant, 1nh1b1ts the ab111ty of 3H-‘
1euc1ne (2 5 mu Mg**) to. bmnd to the hlgh molecular uelght

'fractloﬁs in peak 1 (- Flg. 1).'~ '7rpfh£%f e -
The inclusion of‘Cdlbhicine; Fig. 12, (0« 25 mM, 24
" hours, 22° €) or RNAase ( RNAase proteln, u hours, 37°C),

© Pig. 13, d1d not effectlvely reduce the amount of 3H~leuc1ne'

‘hound, when compared vlth thT data'from Flg. 1. The majorlty

_of 1euc1ne bound remalned in the peak 1 area.,

Lo : . . . . o ) ] S

. : . f
D. PROTEIN CONCENTRATION .

N

>

Flgs. 15 and 16 show the appearance of a proteln

1

.polymer in peak 1 the same area uhere the 3H- leuc1ne_jﬂvf‘

« s

appears bound 1n Flg._1. When the 10009 supernatant was-~ ;

Elncubated at022° c, wlth 2 5 mM Mgt present and -
'fractlonated on G~200 Sephadex, thlS proteln pohim;r-wasd"
evldent in the peak 1 positlon at early tlme 1ntervals (Flg.
l1u).)The ampunt of protein polymer in- thlS a;ea ,'T_: m_ »s\\

d‘?u,um*mv SR S e
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progre531vely 1ncreased with tlme, with a correspondlng o
reductlon in the amount of Smaller molecular veight protelns

_ipresents - tzme 1nterva1 for appearance of proteln polymer'

Lo

'1n the peak :1- pos1t10n corresponds to’ the txm% 1nterva1 of
c./} . .

‘3H leuc1ne blndlng in. the same area (Flg. 1).

H

Hhen these measurem& 5 Were repeated wlthout the

4

4 addltlon of Mg++ the appearance of proterﬁ\atwpeak 1 was“

-much slouer (Flg. 15). Thls time 1nterval corresponds to the

@

"data shown in Flg. 2, uhlch demonstrates a 51mllar t1me lag

‘ béfore bound 3H—leuc1ne appears in the peak 1 reglon.

\

E. CHEMICAL INHIBITION OF PROTEIN FQRMATION PR
. f T . a}. -
Fig. 16 111ustrates ‘the: fractlonatlon of prctelns on G-'

200 Sephadex from the 10&09 supernatant -Hhen the :

preparatlon was 1ncuba€éd in the presence of 0 65 M urea and
>2 5 nM ug++ and fractlonated on G 200 - Sephadex. Urea
(0 65H) d1d not 1nh1b1t the ablllty of the, large molecular

Helght proteln to form, although the polymer formed does not '

*\;_appear to be as stable as the protein formed in the absence

of urea (Plg. 14). Although proteln polymer was. found ln

Peak“1.re§ion,“w1th urea present blndlng of 3H-leuc1ne d1d
~not cccur (Flg.11).,‘,v - o :
| } " - v t ’

‘. Colchicine'(o.zs mu).at'22§5c1(?19..17)'or'atl37°lc'
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(Flg. 18) dld not signlflcantly 1nh1b1t the formatlon of

3thls prozfln polymer. ;’7 . f i

N ] .'-‘ . “ d‘w
The pretreatment of thrs preparatlon w1th BNAase, (Flg.
f20) or 3 nM. ATP,.(Flg. 21), both uith 2. 5 nM Mg++ present, T

\

,does not appear tdireduce the proteln 1h peak 1 pOSlthD.

'Tryp51n was added to peak 1 proteln, already formed by

a 6 hour 1ncuhat10n at .220 C,Lﬂlth 2 5 mu ug++ present. The“
: proteln present 1ﬁ peak 1 area was rednced to 6 % of . that
“orlglnally present. ,3iulﬂ' f'7., ff\v‘; o o
Peak41 proteln formed durlng a 24.hour, 22°WC”V
1ncubatlon with. 2 5 mu Mg++ present vas separated from the b
other protelns, by fracblonatlon cn G-200 Sephadex. Urea’j

)
'(8&), was added,'and the proteln orlglnally in peak 1.

”fractlon (#5 6), uas n%w found 1n the 9 fractlon. Bepeatlng‘f

[23

the above experlment, Hlth Te 3N urea and mercaptoethanol
*present, peak 1 protein was broken down as follovs' 11%: an
.fractlons #3, 4- 9 2% in. fractlons #5 6 (peak 1) uz 6% 1n_
‘fractlons #8 9; 27.8% 1n fractlons #16-20.,The fractlon #9

-‘;reglon corresponds to the fractlon which blnds 3H colch1c1nep

(flg. 8 )ofa'flp v’hv-'. v._:
| 5N



= ‘egu111br1um (24 hours 1ncubatlon). The lines were drawn

- F. TISSUE SPECIFICITY

o~

Flg. 22 illustrates the in. v1tro blndlng of rat muscle

proteln (0. 2g/m1) and rat plasma proternséﬁo 6Gg/m1), uﬁ&er

_ the =ame exper1menta1 condltlons as the fat herve :
\ .

preparatlons. Neither rat muscle proteln nor plas%ﬁrproteln

Covat

I3

'vblnd 1euc1ne to any degree. gl

L

G EFFECT®OF TEMPERATURE

(RN

[ERP,

Plg. 23 is an Arrhenlus plot.. of the temperature

depehdance of the blndlng of leucine (1. 0 x10'0) at

051ng a least sguare best f1t method. Each data Foint on the

Iupper graph represents th total hlndlng in all fré%tlons

:"frcm #1 16. . The enthalpy change on blndlng, (AH), is equal

to 50001 8GO cal/mole. Each data pornt on the lover graph

‘ vrepresents only the blndlng of 1euc1ne in thenpeak 1 (#5,6)

. area.’ H 1s egual to 4900 t 1uoo cal/mole. Thé#é*are not &

-;‘s1gn1f1cant1y dlfferent (p>0 05), and appear to represent

~ the same prOcess.
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H. ATPase ACTIVITY - it
’ ! o ' ' e

.

' Samples of 1000g supernatant, 1ncuhated at 42° C, wlth
"-or ‘without Mg*+ present,Land then fractlonated on G-200

Sephad@ﬁ show dlfferences in. measured ATPase aqtlfitles.C?dﬁ

]

T ere« as no measurable 1nh1brtlon of the act1v1ty Hhen h:_ﬁ
S0 uabaln uaé added. The nerve preparat;ons 1ncubated dlth
.Mg*+ showed a hlgher ATPase activ1ty 1n fractlon ;;2 13 and
#14, 15 than d;d the preparatlon with no Hg++ 1nc1uded»(F1g.
M12u). There is an assec1at10n of the ATPase act1v1ty vlth thevr

"peak 1 reglon, both-slfh and wlthout Mg++, althcugh the tlmé

dependance of the assoc1atlon dlffers.

Py,

' I. HOLECULAR WEIGHTS

Samples of the 10009 supernatant from rat nerve were
{plncubated at 22° C, wlth 2 5 mM ng** for 1 and.6 hours. The_iﬂ
samples were then fractlonated on G-ZOO Sephadex and applled

r'to 7.5% SDS acrylamlde gels for electrophore51s. The peak
ﬂ'posat ons and peak areas Heresrecorded and proteln
“mobl 1t1es and:. molecular velghts calculated by the mekﬁbd of

) -
Heber and Osborn(1969). Standards prepared from nuscle actln‘

~':7(nw u7‘000 Sasa51bara and Yagl, 1970), my051n (MH—ZOO 000'

" Woods et al, 1963), c: proteln (uw =135, 000; offer et’ al,

(oé
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| '1973), and collagen (MW= 302,000; atman and Dittmer, 1972) "
werg run on 7.5% SDhS gels in a 51m11ar manner. The p051t10n'

!

of collagen on the ‘gels was 1nd1cated by pretreatment of

' some of the- samples ulth collagenase. Thg best fit llnedwas
calculated u51ng a least cquares method. The resultlng |
equatlon was: 106 uwns 6= (0. 71 + 0 13) xu, where

MW= molecular weight, and Moblllty (M)-(dlstance of protein”
mlgratlon X length befcre stalnlng) / (length after
destalnlng X dlstance-of ~dye mlgratlon) By u51ng the method
of llnear 1nterpolatlon, on the graph produced hy thls
eguatlon, the molecular ueaghts vere determlned»from thelr
vcalculated mOhllltleS. The molecular Helghts of theb

-

neuroproteln bands found 1n the rat nerve samplés

a

"5(1dent1f1ed by arbltrary letters) are as follows ‘v LT

o

PA=160,000 +.63; 000 (sD)

| PB=130,000% ¢ 44,000 RN .
PC=97,000+ 26, ooo (sn) L “,; R R f(ﬁ
PD=7Q.OOG‘§<)6 ,000 xsﬁ) o |
PE=56,000 + 9, ,000 59

 PP= 42,000 1 stooof

':pc 13 500 £ 700 (ﬁﬁﬁ

J.. POLYMERIZATION

T
 The proteﬁ sfin all G-200 sephadex fractions.previously;



'

each Sephadex fractlon was calculated as the polymerlz g

. Table 1. For purposes of comparlscn, the_change in 3H-‘

same fractlcns, over the same tlme 1nterva1.

A

, 1ncubated wlth 2, 5 nM ug++ for 1 and 6 hours were

characterlzed u51ng the SDS gel, electrophore31s technlques

deCU°Sed "above, Tho 1ncrease 1n the protelns, contalned -dn

tlme 1ncreased frcm 1 to 6 hoursu ThlS data 1s presented 1nﬁ
)

3 g o o

1euc1ne bound from 1 to 4,5 hours, and 1 to 6 hours 1s g

-presented in Table 2. ‘The 1euc1ne accumulates in fractlons

(#3 a) and (#S 6). By examlnlng the data in Table 1, it may
be seen ‘that the proteln prev1ously 1dent1f1ed as C (97 000

t 26 000 MH), ‘is the only proteln ‘which increases ‘in the4>

\.‘/

- 2

i

: v
f

~ Ke RATE CONSTANTS AND THERHODYNAMIC VARIABLES FOB LEUCINE -

BINDING

o

The rate constants'and thermodynamlc varlahles Here

—«\

<

calculated for leuc1ne blndlng at 22° C, v1th 2 5 mnM Mg++

N present. The calculatlons are based on the total 1euc1ne.

- bound 1n fractlons 1 =16, The amount of proteln wsed in the

¥
calculatlons was the amount of proteln present 1n fractlons

1-16 * 19.2%, whlch represents the amount of PC proteln é
found 1n the 10009 supernatant samples*(Table 1). The
average value of 97 OOO MW was used for the molecular welght

of the PC proteln. The: K(egull.) 1s 1 33 "X 10* the rate

W) - P . L

e
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censtants .are k, =0, 424 l/m/sec, k,=3,18 x 10‘5 eeé-l VTHe
_entuopy change upon blndlng,AS— 5.33 €U, - The enthalpy change
‘on blndlngAH —4876 cal/mole. The neuroproteln (EC)
appe:ently blnds~10 moles Ieuc1ne/mole proteln. The klnetlc

data for leucine binding vlthout wg++ present Was not

.é;.calculated, as the data 1n Fig. 3 ;ndicates the, time course
i : LA -

ofqbindinngs complex, - 'j ; a
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'CHAPTER 4 ~ o '
- 'DISCUSSION A
» o ‘ ' '
The ev1dence presented documents the e11stence of ﬁ
spec1f1c lEuc1ne din 51tes located on proteln obtained

"

from rat sc1at1c nerve. Under certaln condltlons, detalled

in Flg. 10, it may be shown that this blndlng process occurs

-

.at 1ncubat10n tlmes under ten mlnutes.,”

"Other trltlated compounds also blnd to the nerve

ihomogenaéés, under 51m11ar condltlons to those used in the
L] .‘ L)
.blndlng of 1euc1ne. Trltlated prollne, thymldlne and

c

vlsucc1n1c ac1d5%1nd to the hlgh molecular welght fractlons in

'the presence of ug++ - as f@lustrated 1n Flgs. 5, 6 afd 7

u

Thymldrne and prollne do not compete for the leuc1ne blndlng
v51tes, as shown by competltlve bindlng results. ‘There appear
to be other blndlng 51tes, probably spec1f1c to these ve

4compounds. ghe competlt on of‘succ1n1c ac1d for the leuc1ne

. X - R A V ,~‘ i . -
blndlng 51tgs ¥ e i . o ST o,

S Lo o : oo
: ‘ ‘ )

“The 1le _ne bindirg :roces: way'he charaCterized with

v

informat . Aerive? from birding ata and kmnetlc analy51s.f
Since t- : presont Tesults indigatc the presence of spec1fic

;binding sites on = rat neuroprotc .o (PC), 1t_was assumed_

s

that‘th’ ~indirg of leucine is equlllbriumiprOCes/,

EARN

S0
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. represented by:
LI b‘ K . k' . . @ -
PC + L< PCL T R 2T ’
A ST LT
. k—l N ’ N l“éﬂ y - ‘I‘ "‘. E tt _‘ ’ u WT: 6‘)
{ > v 27 ,
. Then 'equation 2 nay be 2d; ‘
. . : % ) ’ : o R c Fl v
PCL = Kx [PC] x [L] /(1+ K x L) o (2)
] . B N B ’,J .
where. K-=k-/k ‘y L and PCL are the conCentratlon of free
1euc1ne and the concentratlon of hound leuclne respectlvely A
'and PC. represents the concentratlon of Blndlng 51tes.‘ . .

- FoIiowlng the theory of absolute reactlon rates, the rate

"constants can be represented by equat;on 3 (Frost and

Pearson, 1961). ' i ¥i‘lv o s e
- P B . . . " Do r B :‘- ; S i(r‘
=,(kT/hY'x,exPjAs_/R):x exp(*ﬁ!\H.V'V/RT})-,:_'_7F (3#‘1%
- . \ '~” » v‘ ) o "
. /,‘_ll")\ . ’ . B ’ a* (u::\j; |
~The actlvatlon energy for the reactlon is represented byAH,
‘As is the entropy of actlvatloniak is the Boltzmahnﬂconstant,

h 1s Planck's constant, R. 1s the gas constant and.T is the

E



enthalpy of reactlon.'

Y .
Ve

absolute temperatare.

Since-K= k, /k_, ;

[N

5
et

then xf exp (AS/.R) X éxp(-'AH/'RT)

<

K= exp(as -as_ /m) x exp(an’ -an' prmy)

53

i

(3) -

.whereAs 1s the entropy change upon hlndlng and 4H is the LNl

o

oo

D1fferent1at1ng equatlon 5 glvet

. the cla551ca1 Arrhenlus plot..

a’

. )
<

equation Gﬂfor the slope of

establlshed. The molecule to whlch ﬁeuc1ne blnds has been

1dent1f1ed as a soluble proteln,

qhas a molecular weight of 97, 000
— T

X3

iy,
arbltrigllgycalled PC. It_

~and makes up- 19% of . the .

total proteln found in the 1000g snpernataﬁt.‘Thls protelm{

fblnds 10 moles of leuc1ne per mole of proteln. The leucmnev

fappears to blnd to this proteln 1n1t1ally; The proteln (PC)

fpolymesizes to -a polymer thCh has a molecular we1ght<'

greater than 302 000 Thls polymer has been 1dent1f1ed as"

R



Py

. Vv, peak'-1' in Fig. _-1 ..b ‘:. | . | A . . ', | ) | N ) ‘,;, w

The appearance of 3H-1euc1ne in"the polymer is greatly
-1hfluenced by “the presence of free Mg++ in the 1ncubatlon ’“ﬁ”

mlxture. The addltlon of 2.5 mH ug++ to the 1ncubatlon
..

mlxture (1@. lou speed homogengte and leuc1ne), ;ncreases'

thevrate at vhlch 3H 1euc1ne appears in the'poiymer (peak 1)

¢

f.p051t10n (Fig. 1 and 3).;Thls appears to be due ~ to an

©

‘1ncrease in the rate at thch the polymer is formed, as

!

f;ndlcated 1n Flg. 14 When Mg++ is not added the tlme

3

course of blndlng appears to be complex and proceeds in a«-

: -

V1:stepwlse fashlon as ‘in Flg. 3. ulthout the addltlon of‘ﬁg**( -

' ‘the leuc1ne is 1n1t1ally bound to tbe smaller molecular;’
;welght proteln fractlons. These blgher molecular welght;

'r fractlons progres51ve1y 1ncrea3e 1n 51ze as the poiymer,is%,e~g.

formed. Thls process 1s graphlcally 11lustrated in Pig. 2.

iThe 3H label appears in, the polymer‘p051t10n at

vapproxlmately 17 hours 1ncubatlon tlme wlthout

\

"_than 1 hour wlth Hg*+ present (Flg.l). The tlme 1nterval for

lthe appearance of the proteln polxmer 1n thls reglon
3}

correlates Hlth the. data for the appearance of the e

x-«“

frad10act1v1ty ‘in the same reglon 16{5.hoqrs for 1ncubat10ns

1y

wlth no ﬂg++ present and less than 2 5 hours ﬁith Mg+* -

B ~»°

- s
present. _ - . - RaE

The polymer may bé assembled by tﬁs polymerlzatlon of -

-
v . . :
- KRR . o N . . - : v o . s < .
~ v

o A ¢



'gother protelns that are present “In the fractlon where

B predomlnate proteln spec1es found This has no:. been taken

" Proteln.- o - IR

*ﬁ&'

o

“the PC-prqteinﬂitself or 1n comblnatlon Hlth some of thé

L] Y s ﬁ N
polymerlzed leuc1ne blndlng proteln 1s found flve other o

protelns are also found, From Table 1, it may be seen that

T

durlng polymerlzatlon the amount of leuc1ne blndlng proteln

(PC) in the polymer fractlon 1ncreases by 20. 9%,.wh11e the

amount of a sﬁaller molecular welght proteln (PF MA=42, OOO¢

5 000) decreases by 27.9% (Table 1). The tlme of 1solat10n

”of thls polymer, would then, greatly 1nfluence the

'S . :
1nto consideratlon by other 1nvestlgators..It is p0551b1e N ?ﬁ

that PF proteln (Mw- u2 0001 5 000) may be the tubulln }3

monomer, whlle PC (MW= 97 0001 26 000) or PB (MW— 130 OOOi:w»

by, 000) mlght be the tubulln dlmer or colch1c1ne blndlng

The formatlon of the. polymer does not appear to

-

. s1gn1f10antly alter the conﬁormatlon of the leuc1ne blndlng

.'5

sites. Thls 1nfers that the blndlng 51tes are accessable on‘
.

i

the polymer. The effect of the Sephadex on the assay

. \

measurement 1s thought to be mlnlmal as the/sample passage

~

tlme (10 mlnutes) is very small compared to the large ? o

unblndlng time. 1ndlcated by the rate constants. The leuczne

Y

bound to the polymer 1s exchangeable, as shown by the ',ff

e
-competlthve blndlng experlments. As. 1ndlcated in Frg. 9y the

B
/

°leuc1ne found bound to the smaller/proteln unlts.ls¢s1m11ar%

a
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)
/‘\

1n klnetlc characterlstlcs. In additlon, Pig. 23 shovs that
the 1euc1ne bound to the poIYmer has the same enthalpy of ,"_j:

) blndlng &AH) ‘asf that found for the total 1euc1ne bOund to
all polymer fractlons . |

Addltlon of colchlclne to the rat 501at1c nerve s N o
homogenates 1nh1b1ts the polymerlzatlon of leuc1ne blndlng

proteln. Colch1c1ne (1x 10‘6 M), has prev1ously been
|

/ reported to inhibit mlcrotubule assembly (olmsted and
/- /. s

L3

aorlsy, 1973). The amount of colclicine requlred for
'1nh1b1t10n 1s hlgher in t (S leuc1ne blndlng system, than

:that reported in the llt,rature for inhibition. of

'm1crotubule proteln. Col_h1c1ne (2 5 mM ) 1nh1b1ts the
formatlon of peak 1 pro‘eln (Flg, 18), but 0. 25 mM

colch1c1ne does not _(Fig. 17). Thls may be due to :

PR

'experlmental procedure)

’ whlch requlre -the’ colch1c1ne to be“
'drled, to evaporate the ethanol carrler, prlor to use’ .
iColch1c1ne 1s less so ublé’ln water and may not be totally
qdlssolved by the 1ncu at1ng solutlon. Thedhrndlng of leucine -
to the 1arge polymer can be 1nh1b1ted by, the addltlon of .-fv ]
0.65 n urea to the preparatlon, as: shovn 1n Flg. 11. :y .-{‘°1
'yHowever, some blndlng stlll occurs on the small molecular
'welght fractlons.‘Unlabelled proteln polymer stlllnforms in
;the %eak 1 area,*as shown in Flg. 16 ‘but the formatlon does

gt 3
1‘wnot appear to be as stable as the proteln formed wlthout' - *f

ot

urea present Urea tends to break secondary bonds, but not'”{ f

.w\g
.




T N . -
2 ) : o .
' covalent bonds (Hatson, 1970) . Thus leucine, or leuc1ne.

-blndlng proteln may be held 1n the polymer by thlS type of
b?nd. RNAase does not inhibit the blndlng of leuc1ne (Flg.

3‘13 ) nor the proteln polymerlzatlon (Flg. 20) . Trypsrn does

‘l?,r

xﬂdestndw the 3g- leuc1ne bound po ymer, indicating}the polymer

“to be a proteln structure.

\‘r‘:.s,
- A
PR

3H—colch1c1ne appears to blnd to a subunlt of the large

{protein polymer.'3H—colch1c1ne blnds to a smaller molecular
welght fractlon, eluted in fractlon #9,10 1nstead of polymer

fraction #5, 6. Urea or urea and mercaptoethanol break down

the polymer proteln into smaller molecular velght unlts, the,
major portlon appearlng 1n the colch1c1ne b;ndlng fractlon.
‘;When the colch1c1ne blndlng fractlon was separated out and
,relncuoated 1n the.orlglnal homogenlzatlon solutlon (Hlth
Mg** present), 30% of thls proteln appeared in the hlgher

molecular welght polymer ﬁractlon. Colchlclne may functlon

IN".
'1n 1nh1b1t1ng peak 1 polymer formatlon, by blndlng to the

: polymer subunlt, much 1n the same manner as 1t has been~'

F

'fsnggested to functlon in the 1nh1b1tlon of mlcrotubule

o assembly. ' R
e : L

i To examine the p0551b111ty of an energy coupled

i

: mechanlsm, A Pase act1v1ty was monltored throughout the




speed homogenates of rat sciatic nerve. ThlS actlvlty is’
largely assoc1ated vlth the smaller molecular Helght

_ fractlons (#12, A3) and (#14 15) 1n Flg. 24. There is some
ATPase act1v1ty ev1dent, both with and wlthout the adﬁlt%pn
of Hg++, that appears to be assoc1ated wlth the prot%Qn
polymer . It has not been determlned whether the ATPaseé
act1v1ty wlthout ug*+ added is’ due to the effect of the»‘

'!small amount of free Mg*+ present or to the small amount of

: Ca++ already present in the homogenlzlng mlxture. No ouabaln

. 1nh1b1ted (1e.-(Na*+/§+) ATPase) act1V1ty wvas found 1n the .

preparatlons.'_ “ .

-
L

,The.hinetic data for the~bindin§ ofAleucine to:_
neuroproteln (PC), can be compared to klnetlc ‘data- from
other sources. Slmllar blndlng has been descrlbed fon otheryl'

_types’ of compounds (see for 1nstance Hestphall, 1972). The
:p—result5~presented by Russell and Doty (1973), for plasmaJy,ns-i
proteln blndlng of eplnepherlne, show the ex1stenoe of two

dlstlnct klnds of eplnepherlne blndlng 51tes. One type (s1tefd

1), has a. large equlllhrlum constant for blndlng, K~ 1 82 x IQ?

106 l/m, and is present in small numbers. Thls 1s 51mllar to "
the K reported by Ouellen et al, (1972) for the blndlng of
a colch1c1ne to tubulln, K= 1 8 x 106 1/m and Zhe blndlng of

V1nblast1ne, K= 6 O b 106 l/m and v1ncrlst1ne, K= 8 0 x 106[4u

l/m to tubulln. The other eplnepherlne blndlng 51te (51te

T ] S
. . '

e

.V‘Zf thas a. smaller equlllbrlum constant and the bdidlngvls;,;



Veaker.inwcomparison. The Kinetic data-for the binding of
leuc1ne to neuroproteln resembles the characterlstlcs of
(\\51te 2 more than 51te 1. The rate constants (k,, r)
represent slouer blndlng rates than the eplnepherlne ‘plasma

blndlng system. . | fﬁ D - ) t r

There are many s1m11ar1t1es between the cond1t1ons for

fthe assemblg of mlcrotubules, the condltlons for the’ blndlng

of colch1c1ne, and the the condltlons for the assembly of
the leuc1ne blndlng proteln. guccessful repd%f@@héiatlon of
tubulln subunlts lnto mlcrotubule polymers has héen
5 accompllshed 1n V1tro ThlS was accompllshed by remov1ng
calc1um ions from the solutlon with a. strong chelatlng agent
;(EGTA or EDTA)..Polymerlzatlon also requlred the presence of
gt+ ions, Nat, K+ <150 mH, and-ATP or GTP orva hlgn.
1zconcentrat10n of sucrose (1M) or glycerol (QH)._Maximnm
polymerlzatlon was obtalned at pH 6.7 -6.8 and at a
temperature paximum of 27° c (Olmsted a?d Borlsy,.1973).
\Colchlclne, v1nblast1ne, v1ncrlst1ne and low temperatmre
dlsrupt mlcrotubules and prevent reassdmbly. The's ’blllty
and amount of colch1c1ne blndlng act1v1ty decreases out51de
v; the pH range 6 7 6. 8,'and at hlgh ionic stréhgth The
‘preSence of Hg++ (<10 mM), and 100 mM Na+ stablllze the

_colch1c1ne blndlng act1v1ty. The presence of GTP is not

‘ necessarll} Iéqulred for colch1c1ne b1nd1ngxact1v1t -

-.’Addltlon of V1nhlast1ne or v1ncrlst1ne stabllize the

vv.r‘_:

59
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;cOlchicine binding activity. Polymerﬁzatlon of leuc1ne
bln?lng proteln (PC) was accompllshedsunder very. similar

_ condltlons to those: used by other 1nvest1gators for, : e' -

s

'mlcrotubule assembly. The. 1ncubat1ng solutlon contalned O 15
m‘sucrose, phosphate buffer pH=6.8, 2.5 mM. EDTA 245 mM,

Hgf+, and the 1ncubat10n temperature vas 22° C.
o ) .

{
Multlple blndlng 51tes are associated Hlth both

ol WP}

':mlcrotubule subunlts and leuc1ne’b1nding proteln. The
:eV1dence suggests that v1ncr;st1ne, v1nblast1ne, colch1c1ne
and GTP all hlnd to: the mlcrotubule proteiii at dlfferent

s1tes (Wllson,w1970 Owellen et al 1972). Interactlon with
these 51tes nodif¥kes the abllrty of the subunlt to functlon

- in the mlcrotubule structure. Multlple blndlng sites are!'
also~assoc1ated wlth the polymer formed from leucrne binding 3
proteln. Leuc1ne prollne, succ;nc}ac1d,and thymldlne-all

blnd'to‘thls.fractlom;»
’ The molecular welghts of mlcrotubule subunlts, and
'leuc1ne blndlng pProtein are- dlfferent The,leu01ne blndlng

proteln from rat sciatlc nerve appeans to be a soluble

fproteln of molecular welpht 97 0001 26, 000 Thls molecular
fywelght vas measured after disruption by BM urea, ‘
’mercaptoethanol SDS and heatlng to 1000 C. Wlth‘thls" l
_treatment -all polymerlzed unlts-should be broken down 1ntop

(oA

‘f“the ba51c subunlts. The proteln polymer (peak 15 and the :

o
<7
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colchicine hinding fraction hoth containpleucine hindimg

protein,:as shoun in Tahle 1;,Although'the molecular.veight
- ranges for colch1c1ne blndlng proteln (HH— 100 .000- 130 OOO)
and leuc1ne hlndlng proteln (MH— 9? 0001 26 000) appear to

He very 51m11ar, colch1c1ne blndlng proteln 1s reported to

e

be a dlmer, while leuc1ne blndlng proteln does not appear to"

ATPase activity has been attributed to three systems, .

in the nervous system. These are: the actomyosin like-

»protein,”neurdstenin;fdynein, a-large ATPase bound to -

R

microtubules and mitochondrial hTPaset‘Dynein has been'found""

< in- c111a and flagella. Ehe doublet tubules (A tubule) blnd

"this ATPase (dyneln), whlch is essentlal for c111ary

r_,,‘

motlllty. It apparently, generates the&f“‘

e that slldes

%3\‘:3"; t- " - ."‘

mlcrotuLules parallel to thelr nelghbour (Summer and
Glbbons, 1971). Slldlng systems have been’ 1mp11cated 1n
other motlle systems bullt from mlcrotubules, bmt there 1s 7/

3
less avallable 1nformatlon concernlng these..A slldlng

o system could be modelled on the actomyosmn muscle system,_;‘.d

51nce 51m11ar contractlle prgtelns, neurln, stenln, and

rneurostenln have begn 1dent1f1ed from braln homogenates.

These protelns are cgpable of chemomechanlcal transductlon-

(Berl et al, 1973) Ll T T .

. P

H_Steninl(a myosinjlike protein) - alone exhibits Cat++

’

3 !

B



ATPase activity\and littlg‘ﬂg** ATPase activity. Neurin
(like muscle actin), demonstrates little - .enzyme act1v1ty
alone, buc enhances the Mg++ ATPase act1v1ty of sten;n, and

of myosin (Berl et al, 1973). Actln has %een compared to

'1'colch1c1ne blndlng proteln, which also has the actln llke

L

3
[
ey

&

*»my0s1n (Puszkln and Berl 1970). However, col

. n\"d,;'

”‘characterlstlcs of 1nCrea51ng the Mg++ ATPase act1v1ty of

. : B g
proteln and actln-dlffer ln many. other operties such as -
amlno ac1d compos1t10n, peptlde maps ‘an electrophoret1C'
patterns on 50% sﬁs gels.,(Stephens, 1970); It has been

suggested that actln ‘and colch1c1ne blndlng proteln are

c-ﬁphylogenetlcally related (Schmltt and Sampson, 1968). ThlS

f)has\now been suggesteg for neurin as vell (Puszkln and Berl,
v:‘1972): Neurln and actln are 51m11ar, 1n that they hoth
»,contalnra 3-met%y1 hlstldlne marker whfbh colchlclne blndlng

proteln (tubulln dlmer) does not have (Stephens and Llnck

1969); Ihere are however, ‘common antlgenlc propertles

i s

: betveen neurln and colch1c1ne blndlng proteln (Puszkln and

-_Berl,_1972). ) ) N -

,7act1v1ty is normally part of the mltochondrlal 1nner

d.membrane and is a. large complex (uw- 468 OOO). Soluble formS‘

" of ATPase can - -be released from, and reblnd to thlS membrane._;

‘Thls soluble form HF1) has a molecular welght of 38& 000

' whlch 1s composed of frve dlfferent snbunlt structures

(\ -

icine binding_

Mltochondrlal ATPase 1s found ln tvo forms. The ATPase
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ranging'from'7l500 to 62,000 MW (Senior, 1973) . The‘%g++
activity associated uitb»mitoohondrial”enzymeslisﬂnot”
chafacterlstlc of actomyos1n (Puszkln and Berl, 1972); The
‘molecular weights of the . subunlts also dlffer. In actomy051n
the molecular welght is equal to 200 000 . (U7, 000), where
n= the number of act&n molecules. In mltocbondrlal ATPase,
'the‘subunlts;are less than 6O,QOOAHH. Mﬁtochondrlal ATPaseqﬂw
(?1) has a specific inhibitor‘ihich does not.inhibit the
e . , _ :
'otherfsystem. -

-

The proteln(s) respon51b1e for the Mg++ ATPase act1v1ty

in the leuc1ne blndlng system have not been 1dent1f1ed.~°‘

Protelns are present in all fractlons wlth ATPase act1v1ty,utf

1%

whlch fall in the range of stenln (1e. PA‘ 160 0001 63 OOO

_MW) and neurin (1e. PF— 42, 000t 5, 000). There are. also

- ¢

proteln components whlch would be in. the range of
nitochondrial ATPase subunits (PE, PF, PG) . Purther
investigation is'needed in this'area. The assoc1at10n of '

ATPase act1v1ty with the large polymer (peak 1) proteln

Lo

-T(Flg. 24),'1nd1cate¥\that the ATPase enZyme must bind to the
'polymer fractlon, as each of the protelns present 1n thls-7
fractlon As too small to be found ln thls fractlon 1n an ;7

unbound state. Thls ATPase-polymer may represent dyneln or a

E]

dyne1n-11ke enzyme and/or the actlvatlon of stenln by .

d

neurln. It could also represent an ATPase enzyme from a’

mltocnondrlal system,‘where the subunltstform.&arge‘polymerS'

]



L

»u;a\

(Fi= 360 000 MW) and an ATPase complex (uasjaoo_mw) (Senior,’

1973)

U
three systems. mlcrotubules, neurostenln and Frsion

”é;¢) There ar//hotevorthy similarities betweéﬁ? e,following

rd

whose ATPase activity is enhanced by the blndlng of‘another
element. These are, the increase in the the Mg** ATPase "_‘ .

act1v1ty of stenln by the blndlng of neurln (Berl etral

1973), mrtochondrlal membrane ATPase act1v1ty is enhanced by e,

the hlnding of F1(Sen10r, 1973) and m1croﬁubules by the ,

/

binding of dynein (Summer and Glhbons, 1971). Slmllarlly,
all thk\e of these systems have nucleotlde blndlng 51tes._

Neurln contalns O 77 moles of nucleotlde Elndlng 51tes per -

o

50, 000 g of neurin’ (Puszkln and Berl 1972) Two mole 31tes'

u

are . found per mole of F1' (Senlor, 1973), and 2. moles of . , ..f_

. -
. nucleotlde blndlng 51tes per mole of tubulln dlmer have also

been found..In addltlonk these nucleotlde blndlng 51tes in,

.

& , : "

F1 and 1n the mlcrotubule dlmer, have other 31mllar

N

characterl t1Cs. One 51te binds tlghtly and relatlvely

spe01f1cally, whlle the other s1te blnds compounds more

loosely (Senlor, 1973 _Borlsy, 1970). In the case of F1, 1t
-is suggested that the tlght site may be -the 51te of blndlng

F1 to the mltochondrlal membrane (Senlor, 1973).4

-
.

4
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'characterlstlcs, the blndlng of the compounds may beuw

The molecular weights of the subunlts 1nvolved in the

- ATPase assoc1ated systems above are remarkably 51m11ar. The

. molecular weight of neurln (act1n~11ke) is 47 000 (Berl et

al, 19 « The molecular welghts of the tvo largest Fﬂs
subunlts are (1) 49'57 000 MW, (2) 53- -62, 500 MW (Senlor, <

1973 Bomrsy, 1971). The molecular welgﬂts of the tubulln

subunlts are (1) 53,000 and (2) 56,000 MW (Felt et al /1971.'

Two types of protelns (actln and tubulln), have already

‘been examlned to ‘see 1f they are the Same compounds. Other‘

systems have not yet been compared Actln and tubulln k

2
protelns have been examlned by many 1nvest1gators and found

to dlffer 1n thelr electrophoretlc moblllty in 5% SDS

acrylam1de gels, amlno ac1d

Sampson, 1968). Puszkln and Béﬁ%& (1972),vsuggest that thls .w

may also be the case fof neurln. Sone of these subunlts (1e.'

tubulln, F1 subunlts, neutin) may be the same compounds, or

© as suggested above, may be phylogenetlcally related. Slnce

~all three systems appear to have blndlng 51tes wlth 51m11ar

Vk, : .Y . &

- 1nterchangeable,

. The identifi%ation’offthe leucine binding protein or

o
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e

B S | e
polymer Hlth %ﬁhpown neuional structure, such as. ‘l’

mlcrotubules, ias not yet been accompllshed. The condltlons

 for assembly and 1nh1b1t10n of’ EE_‘polymer hy colchlclne and

-"»v .

the blndlng of 3H-colch1c1ne to a polymer subunlt, all
suggest the polymer may be a mlcrotuhule formatlon. However A

the leuclne bxndlng polymer, assembled from the 1000g

'supernatant may also represent one of the followlng states,

1) the assembly of 1euc1ne labelled mlcrotubules,

< - T

neurofllaments or’mlcrofllaments, (2) “the blndlng of

" labelled subunlts onto mltochondrla, (3) blndlng of

mltochondrla onto mlcrotubules or some other flbrous

structure, elther of uhlch mlght be labelled : (4) “the _”_;

'assembly of an ATPase complex or (5) a Schwann cell

component, All of thesewposs1b111t1es would 1ncrease the

4

 molecular welght of the assoc1ated structure to the p01nt

vhere 1t could be present in the polymer fractlon. The\b

,subunlts of F1 tubulln and neurln are all too small to ‘be

!the 1euc1ne blndlng proteln\(PC— 97, OOOt 26 000 ‘MH) .

§:However, they may be invélved in the blndlng or the polymer

‘assembly.‘- "r-; e L..z'z_ o

>

The assoc1at10n of ﬂg++ ATPase ulth-the peak 1 proteln

_polymer, 1nd1cates that @ mechanlsm for chemomechanlcal y

'itransductlon is p0551bly avallable and could prov1de tnergy

kY

for novement. It is not known at fﬁ*s tlme vhich System(sr\\\

is respon51ble for the ATPase enzyme act1V1ty, nor 1f thls



R supernatant (100 OOOg ) from homogenates of nerves

' the degree of 3

:,thls the51s. The 1nterpretatlon has been that the 3H-

o
%

ATPase system 1s 1nvolved 1n the same structure as the

leuc1ne bound proteln. It has been shown that both the

'fpolymerlzatlon of leuc1ne blndlng proteln and- the actlvatlon,

~of’ ATPase are accelerated by the addltlon of ug++ Both of

p——

‘these structures are found in the peak 1 polymer fractlon .

Although the present work has been done 1n ; o’

v501atic~neu’¢prote1ns labelled 1n v1vo show some 51m11ar
’“propertles. Research reported by Ochst (1972) shows that the7
Vl 1nject10n of 3H- leu01ne ‘into the cell bodles of the L7

) ”dorsal root ganglla, in cat sc1at1c nerve, 1s followed by

the appearamce of a crest of act1v1ty. Thls crest is’

S

'cons1deréd to be due to labelled protelns passing down the

G

axon““EBth 1n v1vo and in. v1tro, and. may be transported or

lstored in thls form. ThlS radloactlve uavefront, ev1dent at

<

postelnjectlon tlmes of over 2 hours, moves at-a rate of

va001 35 mm/day. Ochs fractlonated samples of hlgh speed

& : S
‘prev1ously labelled in vivo, for 6 and 27 hours. ThlS

.._

-‘fractlonatlon shoved d dlscernable 1ncrease 1nwboth the

6"

'*amount of hlgh molecular uelght proteln (QBO 000 HW), and‘

,,:

_hleuc1ne labelllng on thls proteln (Ochs,

1972). These are 51mllar to the i

Ib

1tr ._ork documented in

~ \

- B, ,«\

dleuc1ne, once 1n3ected 1nto the‘dorsal root“ganglla, 1s

\

»flncorporated into the proteln components, wh;ch-mOve dovn

L Lo : - .
) » . . N L . e

e



_1s competltlvely bound to .a neuroproteln (PC), con51deratlon

should be glven to the idea that leuc1ne is bound rather ,ﬁ

dehe appearance of the wvave front movement (Ochs

~a more detalled study of the. blndlng propertles of

'“neuroprotelns. Varlatlons 1n.thefnumber and type of 51tes,.

- the axon at the rate mentloned above. In Viev_Of-%he g ) .

ev1dence presented in this ;he51s, 1nd1cat1ug that leuc1ne

[

..

\.

‘than completely 1ncorporated 1n vivo as well" as in- v1tro."

’“1972), may’ o

- a,‘i.{»m‘O

-actually represent the. movement of the large pol}mer unity

B

'_formed Hlth the" smaller\3H leu01ne blndlng protéln. The

TR

_presence of prollne, thymldlne,'and succ1n1c ac1d b1nd1ng CoT

Y ’
51tes suggests thls may be a generallzed phenomenon, perhaps, T

S

utlllzed for transport or storage of materlal. The source of

thlS blndlng proteln has not been establlshed.

The data. documented .in thls thes1s could be applledwsa

) o

g++ concentratlon, ‘rate %ﬁ‘polymerlzatlon, and ATPase
- (.,\_, '

actlvlty can now be examlned and compared.ﬂThe competltlve

]

blndlng technlques could be used to quantltatlvely measure

'amounts of leuc1ne, prollné; thymldlne Or succ1n1c ac1d

already bound in vivo. Thls would be done by addltlonrof 3H—

leuc1ne or the appropr;ate trltlated compound, to the Y

&

preparatlon after homogenatlon. Then ‘the amount of ;A b :

= - n

e prevlously bound cqmpound could be 1nterpolated from a

”'standard graph Investlgatlon of the molecular arrangements

\ B ar

~7_and the type of bonds formed 1n polymerlzatlon could nou

- . . . T PR LT
s v N : . i S L ’ ) k . & ' 2
S X . o : PR A . X ‘
i i ., y g } . . . - » .



P

e

‘ the polymer, or 1s thetre moreé than oné polYmer present and

"wlth the same molecular welght7 What are the klnetlcs of

follow.

This

type of inves*.

Cemas
S

T

.

69

~2tion aquld be applled to several

dlfferent lines of. research The types of proteins produced~

-at dlfferent stages of neural development,-ln dlsease, 1n;._

the presence of drugs or anesthe51a,‘or wlth a change in.

environment are 11kely to vary. A comparlson be tween theV
i )

various systems, may glve us further understandlng of the

molecular blology of the. nerve.

Further research is needed to clarlfy -the folloﬁlng

quest10ns~

polymerlzatlon of", the leuc1ne blnglng proteln (PC)’ Are all

T

S

Whlch structure is assoc1ated wlth the

>

'

b

(A3

It

4

-

3

Tow

l

l’!

.
.\

the protelns present in the polymerlzed ‘fraction bound 1nto,
S\ .

"'r' N

e polymerlzatlon‘wlth very lo%

L

-k,

concentratlons of Mg+* present’

Is the colchrclne blndlng proteln the same proteln thaﬁ

<

blnds leuc1ne7 Is, the ATPase actlvated wlthout th

T Tof Mg++ due to the low free Mg++ present (0 5 mM) or to the-

A

‘K’)k

;.

;
/

3

ﬁddltlon -

lou free ca++ present (0 025 mM)’ thch proteln(sL 1s

respon51g}e for the ATPase acthlty’ Is the ATPase act1v1ty

‘A
due to the presence of neurln, stenln,-or dyneln, or, .

¥
-

‘_H .

4

mlt%chondrlgl*X@Pase,,or due to some other effect’

2

T



L .“l"‘:IVVGURE 1 |
G-200 Sephadex gel flltratlon of the low—speed (1000 g)
supernatant from rat nerve homogenates. Samples -of O 1 ml
were 1ncubated Hlt% 12, OOQ cpm of L~ leuc1ne Q 5 3H and 2 5
mM Mg++ for varylng time 1ntervals, at 22° C.»Markers are

-

placed to 1nd1cate the 9051t10n of the proteln polymer (1),,-v3
fthe retentlon volume of 302 000 MH collagen (2), and the
- retentlon volume of 68 OOO MW bOV1ne serum albumln (B). Free,

leuc1ne 1s eluted after fractlon 17.

! . ~ ..
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"FIGURE 2

Sephadex gel flltratlon of a 0.1 ml sample of - the nerve

preparatlon, 1ncubated/u1th0Lt the presence of Mg++
condltlons as in Flg. e
\
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R FIGURE 3
'The tlme course of the blndlng of le"Qne, Hlth and Hlthout,~
the presenCe of Mgt+*, Each data p01ﬁt'r“presents the total

amount’ of bound leuc1he in fractlons 1-&6 ' R %@‘



e,

-'v:

-5

O (GHGH WDl . - : S A

4+ @
. -b: -
i
2
A

&

A

43 aNtang

—
P
Loy e
- W
>

b

~5H WH 0"

S N -

oeIx




-‘_3‘

14, B

FIGURE Ll

:G -25 Sephadex gel flltratlon of ‘a Q 1 ml sample of the hlgh

‘>speed (100 000 g) supernaﬂant from nerve‘homogenates.

-

Samples wege 1ncubated wlth 40 000 epm‘i—leuqineg'bther

' detalls as—in Flg. . Free leuc1ne 1é eluted~aftetvftaction

sl
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- . FIGURE 5 -
Gel flltratlon of a 0. ‘l ml sample of the, nerve preparatlon :
previously 1ncubat‘= .\Ulth 25,000 cpm thymldlme-methyl 3H
w1th and without the addltlon of 2.5 mM Mg++ for 24 hours
1 at 229 c. '
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FIGURE 6 N
~a : o “{i‘“. <

Gel flltratlon of a 0.1 ml sample of ‘the prepar@tlon, when‘

\0

1ncubated with 15, 000 cpm of L- prollnewB 4 3H,‘w1th and

wlthout the presence of Mg++
€

were as stat:i an Fig.5. . oo T

Tpe condltlons»of»@hgubatlon'l»\
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PIGURE 7 ‘ .
- T . | ’
Sephadex fractlonatlon of a 0 1 ml sam le of the nerve y

13 -

.preparatlonfgfter 1ncubat10n ulth 2, 000 cpm sucElnlc 2 3~3H

A

acid, ~-° and wlthput the presence Of - Hg++ ot er%ﬁetalls

]
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e o o N FIGURE 8 . /’/
Sephadei fractlopatlon of a 0 1 ml sahple of the nerve B

preparatlon after 1ncubatlon wlth 18, ODO cpm colch1c1ne ‘ff
(rlng, C—methoxyl—3ﬁ), wlth and wlthout the presence of

g*+ Other detalls as 1n Flg. §.
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€

Z cmaﬁs 9 u,;”

'egstandard leucine blndlng curve \over the range of 0-10 X
10*6 g leuc1ne. Each sample in the upper llne, représents
the total 1euc1ne bound in fractlons 1 16,.under the

condltlons in Figq. 1, for 2& hours. The 10ﬂer llne,

»represents the blndlng of leuc1ne to the peak 1 polymer‘i_

only, under 51m11ar COndlthDS. “EBach- p01nt represents the
. .mean % S E._of three replfcates.ﬂ |
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. ‘ ;,’ FIGURE 10 .
G- 25 Sephadex gel flltratlon of a 0 1 ml sample of the hlgh ‘

speed (1001000 g). supernatant, after blndlng for 10 mlnutes’_v‘
v under the condltions ‘of Pig. 4. Varylng amounts of o
"nontrltlated 1euc1ne have bee~ added for comparlson. The

k]

free 1euc1ne 1s eluted after fractlon 1&._ S : ‘_" ‘iv'
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'/ FIGURE 11
- \ \ . -

The 3H 1euc1ne act1v1ty after Sephadex fractlonatlon of a

-

R

.sample dlluted 12 1 wlth 193 H urea, prlor to 1ncubat10n

° o w, .
/‘ under the con@;tlonsfgf“Flgf 1;\r“‘ﬂi5" Co

=
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FIGUBE 12 Te \

G- ~200 Sephadex fractlonatlon of a 0.1 ml sample‘of the'1000g

,supernatant, prev1ously 1ncubated vlth 12‘000 cpm L leuc1ne,

2.5 mu ug++ - and.0.25 mu colCh1c1ne, for 24 hours at 220 c.
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. FIGURE 13

= G 200 Sephadex fractlonatlon of a 0. 1 ml sample of the 1000 _
o, . .,),//‘

q snpernatant. Samples uere 1ncubated wlth 12 000 cpm L- ’=u A
1euc1ne, RNAase, and 2 5 mu ug++ for 4 hours at 379 C._ %
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: b "( : . '  » . ., ° I T g v' (,,/)'v T
_ N FIGURE 1u o !
: I ) ) . 0 ‘ 7\{ —
The fractlonatlon of the protelns pnésent 1n/§ s@mple from
_ -2

2

o

 'ﬁhe 10003 supernatant, as the tlm }of 1ncubat1§g.'

1ncreased from 2.5 to 15*hours. e 1ncubat1 njconditl‘

[

:are as descrlbed in Flg.-;,-w1th ng+#rpreseng,,,f ;
- ( \v ;‘\' . ‘ . (ﬁ'- ‘ : - . : 9 v' ‘_ ‘; - "_. A . 'b."i . 'b“ " . v. /:. .
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c2

+

S -

. ° - FIGURE 15 :] o
The fractlonatlon of the protelns present 1n a,sample from o

the 10009 supernatant, as the tlme of 1ncubatlon 1ncreased

1

from 3 5 te 16 5 hours. The condltlons for 1ncubat10n were.

i

as descrlbed 1n Flg. 2, vlthout the presence of ug+*

--d c
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flflncubatlon under the condltlons as in Fig._1

FIGURE 16

'The fiactlonatlon of the protelns present Ain a sample from‘

the 1000g supernatant, as the tlme of 1ncubatxon hours( Thev-

“ﬂ%é‘
‘h ‘

atlon was dllutgﬁ 1: 1 thh 1. 3 H umea, prior to

; Hlth ﬂg**_71
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S . --.*F URE N
Proteln concentratlon of - the Sephaﬁex fractlonatlons from a
_- \. I
Y
sample prev1ously 1npubated wlth 0.25 mH colch1c1ne and
S . ‘

) !g**. unﬁer the condltlons of Fig. 124 -
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FIGURE 18

R

The pretein concentratlon of the Sephadex fractlons frop a

;_sampke prev1ously 1ncuhated wlth 2 5 aM colch1c1ne and 2. 5

- ‘nM Mgt+, under the cOndltlons of Flg. 12.~
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FIGURE 19
,The(protéin cdnceﬁtration.of”each Séphadex'fraction, from_;

sgmples prev1ously 1ncubated Hlth O 25 nM colch1c1ne, both
'-w1th and ulthout ‘the. addltlon of 3 mM ATP. (A 1euc1ne control
g

.1s added for comparlson. The preparatlons Here 1ncubated for

u hours at 37° C, Hlth 2. 5 mu ug++ present.
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FIGURE 20

-The proteln concentratlon of each Sephadez £ract10n from a.

‘sample prev1ously 1ncuhateg wlth BNAase ,under the B

. cond1tlons of Fig. 19. The control sample va§ 1ncubated 7-"

.'nnder 51m11ar condltlons.'<q  _';-;. T T
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Fig. 1.

¢

$ﬁe'prbtei§,ébhqgﬁtratiQﬁ following fractionation of a

S ‘ e - S -4 . :
sample ipcubated with 3, mM ATP, under the conditions of

v
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| FIGURE 22 - /*3
' Sephadex gei filtrafionvpf~a,051”ml samplé:of rét mu_bie'and 'j;

: L o S, S L : .
plasma proteins incubated for 24. hours, with 3H-leucine. The
‘, ‘. ’ ‘ » . _ ) o v" . b “‘ ) -
conditions are as stated for Fig. 1.
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o - FIGURE 23

‘Arrhenlus plot of the teﬁnerature effect on. the blndlng of

6.

, 3H—1euc1ne, for a, 24 he 1 ncubatlﬁa perlod, vlfh 2 5 mu
'ing++ present. The dpper llne represe?ts the total leuc1ne

. hound to fractlons 1 16. The lower llne represents the Auf'f‘ -

'
J . .

[1euc1ne bound to peak 1 polymer only. Each p01nt represents

: ‘the mean 1 'S. E. of three repllbates._i i ;,.:-_‘ fﬂ

S o ) L L » < ©od
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-
FIGURE 2“

The ATPase activ1ty of 51ngle sample of fractlonated 100%§§

.supernatant protelns, lncubated at 229 C for varlous tlmes,

and vlthout Mg** present. The act1v1ty is expressed as

fheg'H+/ min. /g prote;n‘
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TABLE 1 o R,

fPercent increase 1n the amount of each proteln per Sephadex'
~fract10n, as the tlme of 1ncubat10n increases from 1 to 6
hours. The condltlonS"of 1ncuhatlon are as statéd for Flg.
1, with Mg** present., | |

TABLE 1‘js“éon£inuéd on‘the next5pﬁgeQ: - N

~
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TABLE 2 '\\i

‘ Percent 1ncrease in bound 34~ 1euc1ne, as the 1ncuhatlon tlme
'increases from. 1 to a 5 hours and from 1 to 6 honrs.,Theaﬁ-
condltlons of 1ncubatlon are as stated for Flg. 1.7

'TABLE 2 is contlnued on the next page.
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