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ABSTRACT

Certain p~t-translationalmodifications of peptides

in the brai~ were studied in order to answer three questions.

. (1) Do~san :nzyme exlst in the, ~rain with properties sim~lar

to glutamine cyclotransferase of papaya latex? (2) ~oes

formation of carboxyamide residu~only require the presence
"'l

of a carboxyl terminal glycine in the respective precursor?

(J) Does a nonspecific ligase exist in'the brain? Experiments

are described that attempted to ~swer these questions., Amino

terminal glutaminyl peptides were used' to assay for glutamine. ,

cyclotransferase in b~ain homogen~tes. Cycliz~tion of th~

. amino te~minal glutamine would enable these peptides to pass

through a cation exchange' column. Glutamic acid wO~be

released from the product after acid hydro~ysis of~he eluate

and determined by an enzyme assay. Isotopically labelled

carboxyl terminal glycyl peptides were synthesize~ and used, \

to assay for an enzyme that exchanges glycine for ammonia. The

product was separated from the substrates with an anion e~change

I

i -

column. A random mixture of peptides was used to assay for a

nonspecific ligase. One ~oup was [JH]-acetylatedto block

~ the amino terminals. A second group was coupled tb glycinamide

to biock the carboxyl terminals: Coupling would alter the ion-

these substrates.

obtained for the existence of the pos

•tulated enzymes.' These result~...are discussed in relation to

~ properties o~

'. ";0 evidence was

a novel hypothesis implicating peptides with memory.
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INTRODUCTION

~ .
I , Peptides and Memory

More than 20 peptides have been identified in the

neurons of the brain, spinal cord and periphery '(Hokfelt et

. al. 1980). A partial list in,cludes substance P, neurotensin,

angio.tensin II, oxytocin, vasopressin,' members of the ga~trin/

cholecystokinin f~ilY, somatostatin ,e'nkephalins, thyrotropin
i ..._-
,

Ireleasing hormone and luteinizing hormone r~leasing hormone

Even some of the
i

larger pituitary hormones, growth hotione, prolactin, thyroid
;

'" -'-, stimulating (hormone and adrenoco::-tico~ropin and tl)e pancreatic
\ I

hormones insulin and glucagon, may beipresent in the brain
I

(Krieger and Liotta,~979). :
I

Besides the hormonal peptides~ a large v~iety, of brain,

•peptides have been identified (Sano.,' 1970). These are mostly

small peptidesl lysyl peptides (Gatfield and Taller, 1971),

tryptophanyl peptides (Ed¥insson et al.' 1973), and glutamyl
I

peptides (Reichelt, 1970). There ar~ no estimates of the'total

peptide content of the brain, except for the hog hypothalamus ,
• \' . I

which maY contain several grams perikilogram {Shome and Saffran,

1966). There is no reason'to belie~e that ~eurObiolog~ts
I •

have i~entifi~d all the peptides in the brain. A whole pot-
Q i

pourri of as yet undiscovered pept~des may reside in the brain.
.... i • . ..

, The rol~ of these peptides fin the brain is open to
I ,
I

speculation. Various suggestions have been 'put forward (for
i

revi-ew see Guillemin,. 1978). Ther~ is experimental evidence

•

1 .
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tna~ at least some of thesepeptides act as neurotransmitters.

OCuch work has focused on substance P (Iversen e~ al. 1976: ~arx.

1979; Nicoll et al. 1980), luteinizing hormone releasing hormone.

"(Jan et al. 1979) and the enkepha}ins (Frederickson, 1977).

Neuromodulation of synaptic transmission has also been demon-

'strat~d experimentally (N:udge, 1979; Krivoy. 1979) .

• But the most fascinating asp~c;:t in the study
',/--

of 'brain

peptides is theif effect on behaviour .. Luteinizing hormone
,

releasing hormone induces mating behaviour (Moss, 1973, 1977),
• r

cholecystokinin oc~apeptide induc~s satiety (Straus a~d Yalow,. . .
1979), ro:giotensin' II stimulates drinking (Epstein et a1. 1970),

a n?napeptideinduce~ sleep (Sehoenenberger a~d ~onnierrI'1977)'
, drinking can be inhibited by vasopres,sin (Ungar,' 1975L\pro1actin

is implicated in bird migr~tion (Farner et al. 1967), the
. . .

enkephalins may be involved in narcotic tolerance (Snyder, 1977),
)

scotophobin induces .darR avoidance .behaviour .(Ungar et a1. 1972)

and the posterior pituitary hormones·may be involved in memory.,..
. .

I
ptoc'€!sses ('De weid and Veersteeg, 1919) .

.
The effects mentioned

.,

above represent a narrow selection of the work going on in the
,

field of neuropeptid~ physiology. The field has been reviewed
•

.extensively (DOn?van, 1978; Nemeroff ~d Prange, 1978). 'The

next logical question is to. ask whether' of not peptide~lay
" .

a role in toe acquisition and stor~ge of all ~e~~ behaviour."

. There are several reasons why.peptides are good candidates,-

as memory molecules. 1) They have a high ,~nformation content'
r

in that ~he number of di~fftrent permutatio~s }S large even for. ..
a fairly sbort,peptide. 2) Immunoglobulins'~an distinguish
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between peptides of different sequences. Thus it is qUite

conceivable that receptors on neurons can recognize specific

peptides. J) Various biologically active peptides are found

in t~e brain~ 4) Peptides have been implicated in behaviour and

memory processes.

One approach to the study of memory is to consider the
I

theoretical requirements of the information storage system.

These considerations' then lead to a'prediction of various

components and we then go and look for these components. A

similar 'example was the, prediction of tRNA by Crick simply on

the theoretical grounds that nucleic acids cannot -interact

direetly with amino acids.
--..

The crucial theoretical consideration l~es in the nature

of the information in memory. It operates by,linking in some

way two neurons (or group of neurons) which have not been'

connected previously. Therefore the key component in the

memory storage system must be an enzyme which joins molecules.

If the molecules are,peptides' then this component is an

oligopeptide ligase (an enzyme which joins peptides).

The working hypothesis is that each neuron (or grouB
J

of neurons) is specified by receptors on its s~rf~ce which
/

recpgnize a particular oligopeptide. When the neuron fires

,(electricallY excited) the receptors release the peptides into

the' ellitracellular fluid. , If twQ groups of neurons fire at
•

the same time in response to two sensory inputs (e.g. ~he

:so~nd o!~ bell plus the ~ight and smell of food). then tw~

different peptides are released. It is postulated that these

•

"
,.!
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pept~des are then joined together by the action of the oligopeptide-.'
ligase. In order to prevent the formation of extended polymers

we m:st ~tulate that each peptide is blocked at one end so

that onioy a single b'\d is made. - The joined peptide can now

bind at either of the ~wo neurons. To complete the mechanism

we need to postulate that the binding of a peptide to the

~ specific receptor causes the neuron to fire again. The joined

peptide molecules

eaqh of which can

are no, divided between the two neurons,

bind on\ end of it. T~e memory is recalled

when one of the two neurons becomes excited as a result of
-,

sensory input (e.g.

neuron now releases

the sound of ~ll). The firing-of this

the joined ~ep'tide which pan diffuse and

bind to the other neuron (i.e. governing the sight and smell

of food). This binding now causes the latter to fire. Thus

the sound of the bell leads to the sense of food even in the

absence of food..
The hypothesis can be tested by assaying for three

.
/.,

enzymes.

The other

-terminals

The most important is the ligase discussed abOve. -'------....~/
. - ../

enzymes are involved in blocking the am1no and carboxyl
- \

of these peptides.

If these enzymes are detected then the next task is to

make sure that they are involved }n the process of learning.

To do this, the enzy~ would be ~Ud~ed in vitro in order to

develo~ specific inhib~ors. These inhibitors could then be

tested to see if they are inhi~itors of learning.

The first goal of the project is to test the aforementioned

hypothesis. A second goal is to s~ed some light on the metabolism of

"



5

brain peptides.

\

II Metabolism of Brain Peptides

Because the study of neuropeptides is still

,
i
in the early

stages, little is known about their metabolism. Many quest ons

remain unanswered. Are inactive precursors converted to active

products during axonal transport or extracellularly? How are

they synthesized? What is the rate of biosynthesis? What is

the rate of proteolysis? Is the action of peptides terminated

by specific enzymes, reabsorption, or by simple diffusion? What

~ the mechanisms of posttranslational modification? Do

peptides undergo novel forms of metabolism? The answers to these

questions will shed light on the function of these peptides in

the brain. Therefore the search for ligase a~tivity in the

brain and for enzymes involved in the blocking of amino and carboxyl

"-terminals may lead to a ~etter understanding of the metabolism

of brain peptides. This in turn will lead to a better'under

standing of their functions. Using metabolic studies to gain

insight into function is not a new approach. An example is

~ glutathione. Glutathione was for many years a co~pound looking

for a function. Only by studying amino acid metabolism did

Meister (1974) realize tHat glutathione plays an integral role

in amino acid transport.

A) Oligopeptide Ligase

The formation of peptide bonds by a nonribosomal

mechanism is well aocumented. Some examples include the

•
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synthesis of the tripeptide glutathione (Mooz and Meister,

1967) l opthalamic acid (Cliffe and Waley, ,1958); carnosine

(Kalyankar and Meister, 1959); homocarnosine (Winnick and,

Winnick; 1959); and the polypeptide antibiotics gramicidin

(Gevers et al. 1968) and tyrocidine (Roskoski et aL' 1970).

The biosynthesis of thyrotropin releasing hormone occurs in the

presence of puromycin and RNase, thus indicating that the

tripeptide is not formed by ribosomal action as such or as part

of a prohormone (Mitnick and Reichlin, 1971; Grimm-Jorgensen and

McKelvy, 1974). Many proteolytic enzymes have been observed to

catalyze peptidyl transferase reactions (Mycek, 1970). The

best studied of these, termed "dipeptidyl transferase" or

cathepsin C occurs in the brain (Metrione et al. 1966).

The faithfulness of production of a given sequence of

amino acids does not appear to be as great as in the nucleic

acid template mechanism since the amino acid composition of

tyrocidine can vary with the culture medium used (Roskoski, 1970);

and the amino acid and peptide specificities of th~ synthetases

which have been studied are not stringent (Kalyankar and Meister,

1959; Winnick and Winnick, 1959). The presence of nonspecific

enzymes capable of synthes~zing compounds from amino acids

and' peptides by nonribosomal mechanisms gives credibility to the

hypothesis that a nonspecific oligopeptide ligase could occur

in the brain.

Since the substrate specificity for the ligase activity

was not known, a cOI)lplex mixture of pept~es was used.' Random

peptides were prepared by digestion of proteins by a nonspecific
































































































































