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SECTION I  IRTRODUCTION AND REVIEW OF LITERATURE

Lysine was one of the earliest arino acids to be recognized
as essential (I). Later, nutrition studies 8lso showed that the
mirimum daily requirement of lysine, for ritrogen balance, is
higher than that for most other essential amino acids for animals
and birds (2), It is surprising, thersfore, that little vas
known sbout the mechanisms of its utilization and funetion in
animal tissues until quite recently. In fact, the exasct steps
in its breskdown are still not completely known (3), snd indica-
tions cf the role which the €-amino group of lysine B8y Llay
in protein structure and function have only baguﬁ to smerge in
the last three or four years,

One reason for the slow development of knowledge concerning
lysine was, undoubtedly, the fact that lysine did not appear to
be scted upon by the enzymes which were important in the metabolism
of most other amino mcids - the transaminases and the amino acid
oxidases. For this reason, the intensive investigations of aming
acld metabolism during the I1930's and I1940's contributed little
to our knowledje of lysine metsbolism. Hovever, one important
discovery which was made during this period was that when the
epsilon amino group of lysine was blocked (eg. by an acetyl
group) the alpha amino group became more raactive (4),

The discovery, in 1957, of an enzyme which specifically
deacylates €-N-scyl derivatives of lysine was, therefore, of

karticulsr importesnce (5). Several questions were raised:
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was the distribution of this enzyme universal?, was its function
connected with the utilization, conservation, or the degradation
of lysine?, what was the specificity of the enzyme? was its action
reversible? Investigstions of these questions have been undertaken
mainly by two groups (6,7,8,9) and the rrasent studies were under-
taken to expand some sspects of the earlier investigations.

Since most of the earlier work hed been on animals and bac-
teria, the main emphasis in the rresent studlies has been placed
on avian tissues., The experimental results to be reported here
have been divided into three parts: 1) A survey éf the occurrence
of the engyme in verious bird and animel tissues, including some
investigetions into its subcellulsr distribution and pH optima,
1I) A serles of attempts to purify the enzyme from chicken
mitochondria. 1III) A comparison of the properties of the
enzyme derived from chicken mitochondria with thst derived from

cther sources,



REVIEV OF LITERATURE

A) Lysine metabolise in animal tissues.

In I913 Ringer, Frankel and Jonas (I9) suggested that
glutaric acid was an intermediate in lysine metabolism. Concrete
rroof of this fact wes not however, fortheoming until 1954 when
Rothstein -and Miller (II), showed that cl4, administered to rats
as lysine, was subsequently found in glutaric acid,

In the intervening years, much of the informstion sccumulated
on lysine metabolism was rurely negative, For exanple: lysine was
not attacked by Deamino acid oxidase (I2); 214 not enter into
transaminetion (I3,14); was not ettacked by L-aminc acid oxidsse
(Green - quoted in (4)); could not be substituted for by its

% -hydroxy analogue, nor by its di- or nono- % -methyl anslogues (IS),

The first positive result was the demonstration by Neuberger
and Sanger in 1944 (4), that lysine acetylated in the epsilon
position was susceptible to oxidation by both D~ and Leamino
acid oxidase (vhen the corresponding isomers were used as
substrates), Based on this finding, Neuberger and Sanger proposed
the first complete scheme for lysine degradation (Fig. I). They
suggested two slternate rathways - both of which required that
the epsilon amino group must be either blocked or removed bafore
oxidation of the alpha amino group. Both pathways satisfy the
requirement that the end iroduct of lysine metabolism must be
neither ketogenic nor glucogenic (16,17,18), since the products

are either §-sminoveleric acid or glutaric acid.
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in 1948 Borsook et al, (19), showed the formation of cl4

o ~aminocadipic acia (2 AAR) from 14 lysine by guineapig liver
slices. These workers slsc showed the desmination of ol AAA to
o ~ketoadipic acid (20) snd the rapld decsrboxylation of this
acld to glutaric scid by guineaplg liver homogenstes, The
ovarall chain.of Yeactions was also confirmed in vivo by the
work of Rothstein and Miller in 1954 (II). Many gquestions
concerning the individual steps in the chain remained to be
answered at that time and only a few of them hnve:been settled
even at the present time,

Bet'ore proceeding to a discussion of the individual steps
in this gathway, one further comment should be made on the action
of L-amino acid oxidase on lysine. The original report that
Leamino scid oxidase did not sct on lysine (4) was made in the
same year that this enzyme was first isolated. Subsequent work
has modified this view. The activity of Leaminc acid oxidsse on
lysine appears to depend on the source of the enzymae. For example,
it hes been shown that enzyme from Neurospors crassa (21), some
snake venoms (22), turkey liver (23), and merine invertebrates
(24), have varying, but appreclable, activitiaes on lysine.
Boulanger (25), has made the interesting correlation that
L-aminoc acid oxidasse, active on dibasic amino acids, has been
isolated only from amminotelic and uricotelic specles; never
from ureotelic species.

ne recent paper also suggests that the whole question of
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L-gninc acid oxidase specifi?ity may have to be reinvestigated.
Paik an2 Xim (25), have shown that the PH optimum, and the shape
of the pH curve, is dependent not only on the source of the
enzyms, but alsc on the substrste usci, Although lysine remains
8n unsusceptible substrate with the enzyre from rat kidney or
liver at a wida range of pH velues, this may not be trus with
all ensyme preparations which are currently believed not to
attack lysine,

Recognition of the role of cyclice compounds,

One fact which delayed the recognition of some parts of the
degradative pathway of lysine was the very rapid, spontaneous
formation of a cyclic product. The cyclic compaund, which, on
catalytic hydrogenation ylelded pipecolic scid, was demonstrated
in turkey liver by Boulanger and Gsteﬁx in 1952 (27,28) and in
Neurospora crasss by Lowvy, Hulden and Schweet in the same yesar
(29). Subsequently, Rothstein and Miller (30) incorporated
these cyclic cumpounds into a scheme of lysine degradation,
Placing them between lysine and <L AAA (Fig. 2).

Boulanger challenged this scheme and, in a review in 1959,
descrided the proven and postulated pathvays of lysine degradation
in snimals, plents, and Neurospora (25). He suggested that a
uniform scheme, which would 8pply to all cells, would be one
vhich placed the cyclic compounds in alternate pathways rather
than on the main route of lysine catabolism (Piz, 3).

The controversy hetween these two groups has continued te

the present time, each side rresenting evidence that the other
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has not entirely refuted, Boulhnger's claim is thet with rat
liver homogenates he was uneble to show the formation of o «AAA
from pipecolic acig (3I) whereas Borsock et 8l. had shown o¢ -AAA
formation from lysine in the sane system. Boulanger also points
out that the conditions used by Rothstein's group (irvolving the
use of high doses of unlabeled anino acid simultaneously with
small amounts of labeled "msrker" arino acidstroduced an
urnatural or overloaded system. From his discussion (25) one
might postulate that the excess azing acid could not be degraded
rapidly enough by the narmal routs and, as s result; 30me was
converted to pipecolic acid,

There is one error in this &rgument which should be mentioned
hefore discussing Rothstein's view. This is the fact that, on
examination of the original pspers, it can be seen that Borsook's
group used guineapig liver (20,32) and rat kidney (33) - not rat
liver. This difference might be of major importance in view of
the fact that Rothstein has reported (34) that, wheress rat
liver mitochondria were active, whole rat liver homogenstes
vere unsatisfactory as enzymae preparations for this reasction,
Unfortunately Rothstein does not elaborate on this stataement
but it implies that Boulanger based rvart of his srgument on
negative results in a tissue preparation different from those
used by other workers,

Rothstein and his coe-workers have shown the conversion of
cI4 pipecolic acid to ol-Ass by rat liver mitochondria (34).

They hsve substantiated their claims by ldentification of the



Products wilth chromatographic and electrophoretic separation.
However, they find only I0% of the externally added pipecolice
acid 1s convarted toc oK-AAA, They explain this as a possible
difference between the location of internally produced and
externally added substrate. They postulate that the pipecolic
acid formed from internel sources may be formed neesr enzymie
sites end so have a preferential position for further oxidation -
compared to that coming from cutside. Considering the fact that
recent figures on the emino acid content of mitockandris give

& value of about 5.6 pu/gm mitochondrisl nitrogen, snd thet
Rothstein et al. used lerge amounts of substrate and a8 2 hour
incubation period, one would expect that any such.preferential
state would be elininated early in the 1ncubat16n. Such specun-~
lation does not eliminate the conclusion, mede by Boulanger

and Osteux, thst pipecolic acid is either an end product of
lysine degradstion or a very unreactive metabolite (25),

At present, therefore, the welght of evidence would appear
t0 support the contentlon, by Rethsteir's group, that the eyelie
compounds lia on the main pathway of lysine degradation; but
Boulanger's claim, that they are a side mechenism, seen only
when the system is cvarlcaded, is not completely disproved,

The definitive answer to such questions probably will only be
cbtsined when sll the enzymes involved in the pathway have been
isolated, jpurified, and studied under controlled conditions,
Considerable jrcgress has been made in this direction with a

few of the enzymes concerned with lysine metabolism in micro-



organisms (as will be discussea below). With enzymes obtained
from animsl tissues it has been shown that € ~lysine acylase
from hog kidney catalyzes the conversion of A ~keto~ € -acetamido-
caprolc acid to ol ~keto~ € -sminocaproic acld, which cyclizes
rapidly and spontaneously to form tf-piperidino-z-carboxylic
acid (35). It has also been shown that an enzyme from beef liver
can catalyze the formation of € -N-acetyl-L-lysine using acetyl
phosphate as the acetate donor (35), This latter enzyme msy be
ornithine transcarbamylase (35), The role of € ~N-acetyl-L~
lysine in lysine catabolism is, therefore, once more & critical
question. The passible metabolic Fathway indicated by these
recent publications is cutlined in Fig. 4. It is obvious from
these studies that €-lysine acylase may be one of the enzymes
involved in lysine catabolism in snimals and further studies

on this enzyme may produce some of the answers needed,

Bz Lysine metabolism in lower orders,

1) Biosynthetic pathways.

Considerable information on the individual snzymes concerned
with lysine metabolism has been obtained from studies on lysine
biosynthesis in bacteria, yeasts and molds. Since the same, or
similar enzymes are probably involved in lysine catabolism in
animals and birds (37), it seems vertinent to review the present
knowledge of this topic.

Three main pathways of lysine biosynthesis are known in

plants and lower animal forms. The first, the disminopimelic
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acid path, occurs in many bacterias and higher plants (38), and
there is not yet any indication of a similar rathway in higher
species. This pathway has been thoroughly investigsted since the
first isclation of diamincpimelic aecid by Vork in IS50, 1951
(39,40 end Gilvargz (41)). The accepted pathway is outlined in
Fig. S.

The second pathwsy has been found in yeast, It too has no
apparent parallel in animsl systems., This pathwsy was first
noticed when an unknown compound "Compound B™ wss isolated
from growing yeast (42), This compound was then identified by
Kjaer and Larson (43), as €-N=-(L-glutaryl-2-)-L-lysine or
"saccharopine”. It has been shown that ™«(~AAA- ¢ -semialdehyde
condenses with L-glutamate to from saccharopine in s system
consisting of a cell-free yeast extract snd reduced nicotinemide~
edenine dinucleotide (NADH) (44). If vhole yeast cells are used,
saccharopine is converted to free lysine (44),

The third pathway, observed in yeasts and molds, snd
irvolving o(-AAA, still contains many uncertainties. This
pathvay is essentially the same as that believed to operate
in lysine degradation in animals. In fact, the earliest work
on mlcroorganisms (45) arose, in part from the studies of
Borsook and co-workers with mammelien tissues (20,32,33).

In 1948, Mitchell and Houlshan showed that a neurcspora mutent
utilized -AAA, but not the corresponding keto acid, as a

precursor of lysine (45),
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¥ithin the next few years it was shown that X ~keto-adipic
acid could support the growth of certain lysine-requiring mutant
ophiostoma (45); that & -amino- € -hydroxyecaproic acid promoted
the Jrowth of some neurospura mutants (47); and that radioactivity
from X«AAA was found only in lysine when X(-AAA was the sole
carbon source - thus demonstrating that the route from this compound
to lysine wes direct and not via any general pool of metabolites
(48). Thus it became appsrent that ol -AAA vas a key compound in
lysine biosynthesis.

Studies on cther amino acids during the next few years
sugygested sircilarities in lysine metabolism. For exanple, the
discovery that proline wss converted to glutamic- 3'-semialdehyde
(45,53), in conjunction with studies on the cycilization of this
compound (SI), led to intensive investigation of the role of
o ~AAA~ & ~serialdehyde. It was already known thst OC-AAAe & -
semialdehyde could replace lysine for growth in an E. coli
rnutant (52}, and wss a Precursor of plipecolic zeid in Asperzillus
ridulans (5%),

In 1967 Sagisaka and Shiwura rublished the first of a series
of papers on the conversion of oX-AAA to its semialdehyde in sn
isolated preperation in vitro. They used an enzyme }reparation
from yesst to demonstrate that the overall renction required
adenosine triphosghate (ATr), reduced glutathione, reduced
nicotinamide-adenine trinucleotide (NADrH), and magnesium ions,

They called the enzyme "AAA-reductsse” and showed that it was
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activated by resducsd glutathi&no (54). In a further publication
in 1962 (55), these suthors reported the Properties of this

enzyne in detail and wers sble to show the two steps of activation
and reduction separately, The mechanism is as follows:

I) X =AAA + ATP = S <adenyl~ o =AAA + pp ("activated~-AAA")

2) Activated-Aah + NADPH = o -AAA-Hg-AMP + NADE*

3) X =AAA-Hp-AMP + Hol = ot-AAA- d-seminldehyde + AMP,

Step I), the activation step, was revealed by adding KF to
repress pyrophosphatasse action and allow accunnlatibn of PP,
This step requires magnesium but is not activated by reduced
glutathione, The activation by glutathione is seen. only with the
vhole reaction, It must therafore, be concerned with the actusl
reduction. Sagisake and Shimura claim that the reaction is
between the @ -CODH group and adenylic acid ir the formation
of "activated-AAA", This makes it an entirely different type
of compound from that involved in protein synthesis - vhere the
linkage is with the o ~COOH of the sctivated amino acid,

Although the cyclic compounds have been implicated in lysine

fosynthesis in microorganisms in early reviews (30,58), 41t is
only recently that detailed studies have baen carried out to
assess their role. In 1962 Rao, Rodwell and Basso (57,58)
identified -aminoadipic- & -semisldehyde and A -piperidine-
8-carboxylic acid as produced by a strain of Pseudomonas growing
on pipecolic scid. These compounds were not isolated separately,
but were identified in the following manner: further metabolic

reactions were blocked by the addition of bisulfite, and the
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material wvhich accumulsted was sepsrated chromatographically
snd electrophoreticslly from other metabolites. An extensive
series of chemical snd physical reactions showed that it wss

8n equilibrium mixture of these two compounds. Although this
confirms the close relstionship between X -AAA-gsemialdehyde

and the cyclic compounds, this does not indicate whether the
cyclic compounds asre on the direct pathway under normal circum=
stances. The situation is, therefore, similar to thet in snimsl
tissues,

In microorganisms, the question does not sSeem to be whether
the cyclic compounds are on the pathwsy, as much as which cyclie
compounds are involved. In 1963, Larson et, al, (59) wsre studying
the step from of~AAA-semialdehyde to A'piperidine-6-carboxylic
acid, Thelr findings on the utilization of of-keto- € -aminocaproic
acid and pipecolic acid, by Saccharomyces cerevisiae, vere in
conflict with earlier work (47 and 52 respectively), Tc explain
this fact they summarized the present knowledge of lysine
biosynthesls in microorganisms in s scheme which permits alternate
paths in different orgenisms (Fig. 6).

This figure also illustrates the fact that most attention
has been given to the central reactions in this vethway, The
origin of the adipic acid derivatives is still not glucidsted.

One reason for this is the lack of lysine-requiring yeast mutants.
Two such mutants have been found end 4t hes been shown that they
were able to utilize hexshcmoserine ( of -amino-E~hydroxy-caproic

scid) (47). An enzyme hss also been discovered which oxidizes
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this compound to A ~AAA- & -semialdehyde. The steps prior to this
sre completely unknown., If labeled (CI4) scetate is used as the
carbon source for yeest 1t is found that the carboxyl carbon is
the source of C1 and Cg of lysine and the methyl cerbon is the
source of the other carbons (50), From these results it has been
rostulated that lysine synthesis commences with the condensation
of a two~-carbon fragment and a four-carbon fragment (5I). The
four-carbon fragment cannot be succinate because of the unsywn-
metrical labelling in carbons 2 and 6 (60). Alpha keto-glutarate
has been suggested by Strassman snd Weinhouse (61), but it has
baen shown that there is far more C1% (from methyl-labeled
acetate) in lysine than in glutamate (62), This voﬁld seexr to
exclude of-keto-glutarate with its sctive role in transamination,
Mattoon and Haight (52) have shown that one lysine-requiring
yeast mutant accumulates glutaric acid and suggest a possible
pathway involving glutaryl-CoA (ie. analagous to fatty acid
synthesis).

Thus, the present knowledge of lysine blosynthesls vis
o =AAA cen be summarized a&s follows:
I) Condensation of a two~-cerbon and a four-carbon fragment.
2) Formation of O(~-AAA and its semialdehyde.
3) rormstion of cyclic compounds either as part of the route

or as slde-effects.
4) Arination of straight chain compound to form lysine.
S5) o -keto- E=-sminccaproic and o-amino- €-hydroxy caproic
scids may obe either intermediates in these steps, cor aslternates

to =AAA in some orgsnisms,
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Lysine catabolism in lower orders

Twe pathweys of lysine degradation have been identified in
bacteria, One is via o{-AAA and appears to involve the same
mechenisms as lysine degradation in aninsls, and blosynthesis
by this route in molds and yeast, In fact, much of the experi-
nental svidencé can be viewed from either direction. For example,
the work of Sagisaks snd Shimura (34,55), on conversion of ol ~AAA
to 1ts semialdehyde, has shown that the reaction is reversible.
Since most microorganisms are synthesiszing lysine rather than
degrading it, there has besn little attempt to investigate this
pathway as a purely degradative system,

The second pathway of lysine catabolism in bacteria involves
features which are unigue. This pathway was first indicated by
the discovery by Stadtman, in 1962, (84) that lysine was con-
verted to fatty aclds and ammonia by a mechanism requiring s
cobamide coenzyme. In a further publicetion (55) Stadtman has
shown that the simultaneous asction of two strains of E, coli
is required for this reaction. Other bacteria are able to carry
out the entire reaction. The steps have not besn elucidated
yet, but, since as many as six coenzymes are required by some
bacterial strains, it is obviously a complex series of rescticns.
Une point which is of interest in the present discussion is,
that of meny substrates tested, only o(-acetyl- L-lysine would
replace lysine, ( € -N~acetyl-L-lysine was negeative). The prepa-

ration was free of acylasse I since many substrates of this

enzyme were tested and found to be negative. When o{~acetyl-L=-
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lysine is the substrate it must be deacetylated to lysine

first since a mixture of CI4 1lysine and unlabelled & -acetyl
lysine did not yield any lsbeled acetyl lysine with this enzyme
system, Flpecolic scid, O(-AAA and €-amino csproie ecid also
falled toc bscoms labsled under thess conditions. Neither do
threonine nor disminopimelic acid resct. It would appear thera-
fore, that the formation of fatty acids from lysine involves
nelther acylase I nor €-Lysine acylase, and Proceeds by a
route not involving the major components of the o(-AAA route

or the diaminopimelic acid route of lysine metabolism.

Cz The possible function of € ~N-acetyl lysine in anims)l metsbolism

In IS29 Kimura found thet many tissues conteined enzymes
which deacetylated ol ~N-acetyl amino acids (66). This was extended
by Greenstein et al. (57,58). However, ss with so meny other
reactions, lysine proved to be en exception. Subsequently many
X -N-acetyl amino acids (but not o -N-acetyl lysine) were
shown to be able to replace their respective amino scids in
test diets (69,70,7I), Following the discovery by Neuberger
&ni Sanger that €-N-acetyl~DL~lysine would replace lysine
almest quantitatively for the growth of young rats (72), it
became of interest to discover whether an enzyme existed for
the deacetylation of lysine in the egsilon rosition. It vas
not until IS57 that such an enzyme was demonstrated in rat
kidney by ieik et al. (5). Since then, similar enzymes have

been shown to be present in many animal tissues and in fowl
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kidney (8); in bacteria (6,73,74); and in molds (7). Despite
the widespread occurrence of the enzyme which deacetylates
lysine at the epsilon position, free € -scetyl lysine has never
yet been found in 11!2_(35). Hoewever, many other scetylated

and methylated amino acids have been discovered in trace amounts
in recent yesrs (75), and it is poseible that the fallure ¢o
find €~N~acetyl lysine may be due to problems of technique,
Perhaps the methods used have not been sufficiently sensitive
or the compound is rapldly converted to its products and some
form of trapping agent will be necessary to block the reaction
before € ~N-acetyl lysine can be identified.

There is also the possibility that lysine is acetylated
only after incorporaticn into protein. There aro'many suggestions
in the recent literature that €-N-acetyl-L-lysine masy pley en
important functional role in histones snd other proteins (76,
77,78,79). There is alsc one recent work which implies that
acetylation of lysine at the epsilon position may be an essen-
tisl step in the formation of the stable acyl-enzyme intermediate
in the glyceraldehyde-3~-phosphate dehydrogenase reacticn (60).

Many reports (BI,B2,83) have shown that the N-termlnal
anino acid of several proteins are acetylated. This acetylation
involves many aminc acids, not just lysine, but it indicates
that the difference between a free and a substituted amino
group is a criticsl recognition system in metabolism. Thus,
although €-K-acetyl-and €-N-methyl-lysine have not been

incontestably identified in many proteins, they heve been
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clearly identified in two cases (84,85) snd there is strong
SupEart Jfor the idea that blockege of the €=-smino droup oay
have an impurtent biologicsl function in soxe proteins, It is
becsuss of this concept that the recent studies of Yhillips
(79) ana Alifrey et sl. (77,856,87) on muclsar histones have
sssumed great importence,

In 1963, Fhillips (73) investigated the low vield of
l-terminal emino scids from the lysine-rich fraction of calf
thyaus histonss. Heny possible Nesubstituents wers tested for,
and eliminated, but scetste was detected. Therefore, in common
vith sarlier reports on other proteins (81-83), Phillips assumed
that the N-terainal amino acids were acetylated, Furthermors,
since these acetyl residues were not released by acylass 1
(vhich deacetylates o ~N-scyl swino acids (67,68)), he offered
8 quslified suggestion that the acetyl groups might be € <N-gubz-
tituents,

In the same year it was shown that histones inhibit REA
polymerases in seversl systess (87,88), that removal of histones
from the nucleus ceuses an increassd rate of "messenger™ RNA
synthesis (89), and that DMA-histone complexes are unsble to
serve as “primers" for RNA synthesis in vitro (90). Thus, the
originsl ides, postulsted by Stedmsn snd Stedman mare than
ten years esrlier (91), that histones had sn inhibitory role
in chromosomsl function, at last was supportad by some bice
chemical evidence. In 1964 Allfrey ot sl., (77) extracted
histones from calf thymus nuclei and scetylated them

chemically., They found that histone fractions differed in their
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rate of scetylation and that those with the highest totsl acetate
content did not necessarily have the highest specific sctivity
vhen the acetylation was carried out with CI4 gcetate. Although
these authors do not state it, one would conclude that the histone
fractions with high total acetate but low specific activity were
acetylated in wive,K hefore iscletion snd CI4 acetylaticn. It is
interesting that these were the lysine-rich histones, These
authors found isclated arginine~rich histones (which sre obviously
poorly scetylated in vivo since they aquire a lov total acetate
but & high specific activity vhen acetylated in vitro) lose
much of thelr ablility to inhibit DNA-dependent RNA pclymerases
after partial acetylation in yitro, slthough they can still
combine with DN&, '

From this evidence Allfrey and his co-workers postulste
that acetylation and methylation of histones may offer the maeans
of swltching-on or -off TNA synthesis at different locl slong
the chromosome. Since & gurcaycin lavel which inhibits both
non-histone yrotein, by 903% snd 75% respectively, does not
pffect mathylation of histone protein, it would arpear probable
that methylation (end by analcgy, acetylstion) cccurs after

protein formatlion and is jotentislly reversible in vivo.

In contrast to this last result it nust alsc be }ointed
out that soza scetylated amino acids enter ;rotein synthesis
at a vory early stage (as neasured by the promction of Pi-ATF
exchange and incorpcratiocn into s-5NA) vhile still retsining
their acatyl grou;s (92). Fresumebly these sre the amino acids

which ferm the Y-terrinal amino mclds of some ygroteins. While
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this peper 1s very Ainteresting, thers is one technical critiocisas
vhich must be made and which might wodify the results if it was
corrected, Novhere in the paper do the authors indicate that they
carried ocut any purificetion of the commercial samples of amino
8clds which they usad. Thus, thelr ecetylated smino acids nay
have contained trsces of free amino acids, It hes besn found by
Paik and Kim (personal communication), thet even very smell traces
of free lysine gave false positive results vhen the imcorporation
of NeacetyleL-lysine intc s-REA was being studies in a similar
systen, Therefore, unless the experiments of Pearlman and 3loch
(52) vere cerried cut with sbsolutely pure amino acids, their
results are cper to guestion on these grounds, |

The question of acetylsted or aethylated niino groups
scting ss blologlcal controllers or sarkers i1s, therefors, s very
important field of blochemical investigstion at the pressnt time,
Acetylated lysine is of particular interest in this connection
for two reasons. First, as a dibesic amino acid, it can enter
into NHeacetylation reactions while bound in s normsl peptide
linkage. Secondly, one of the charscteriatic fractions of nuclear
histones is exceptionally rich in lysine compared to octher
proteins, Thus, any enzyme capable of scetylating or deacetylating
lysine is also of particular interess. The studies on ¢ -lysine
acylase to date have all been conducted on the frea amino acid
or small peptides, It would Le of great interest ta know whether
this enzyme would also sct on the acetylated histones of Allfrey

et al, (77).
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D) Distribution of € -lysine acylasa,

Although the possibilities which arise from the work of
Allfrey et al. are fascinasting, they are difficult to reconcile
with the known distribution of the enzyme under investigation
in the present study. In the first place, the orgsn distribution
of - ~lysine acylase suggests a function relsted to excretion
since, in animals, the highest concentration is found in the
kidney (8), and in birds, it is found in the kidney or not at
all, Secondly, the subcellulsr distribution of the enzyme
indicates that it occurs as a soluble enzyme in animals (5,3), and
as a mitochondrisl enzyme in birds (8). If its prime role concerned
genetic control, the enzyme would be expected to be found prima-
rily in the most rapidly multiplying tissues and primarily in
the nucleus, The fact that it 4s not found primarily in rapidly
multiplying tissue is shown by the comparison of chick enmbryo
and adult chicken in the present work (see p 40 ), Against these
facts 1s the possibility that the enzyme has two roles, and that
the present crude methods of identification may not be sufficiently
sensitive to show enzyme sctivity in the mucleus, Fresumably the

deacetylation of histones would regquire very little enzyme protein,

E) rossible roles of € -lysine acylase in the kidney

Even if this enzyme does occur in the nucleus, and does
have & genetic role related to histones, the question remains
as to the role of this enzyme in the kidney, There is no positive
ansver to this gquestion but some suppositions maey be made,

I) Since lysine is an essential amino acid, 1t is possible that
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the ensyne is involved in sona.lcchanitu for conserving lysine,
€ -N-acetyl-L~lysine is readily attacked by amino acid oxidase
but free lysine is not (4). Thus deacetylation would protect
this amino acid from attack by this enzyme - but - in this case,
frea € -N-acatyl-L~lysine would be expected to be found in the
blood and it is'not. This, then, cennot be the function.
II) It hes been shown thst uptake of amino acids by the intestine
depends very largely on the position of smino groups relative to
the carboxyl group (93). It way be that blockage of the epsilon
amino group is necessary for resorption of lysine iﬁ the kidnay
and thet the enzyme allows the excretion of excess lysine by
freeing the €-amino group and preventing resorption of the
amino acid. The saze objection applies as in case I, €-N-
acetyl-L-lysine has not been found as a free amino acid in vivo.
I11) Christensen (94), using Ehrlich ascites cells, and Rosen-
berg et al, (95), using kidney slices, have shown that complex
inter-relstionships exist between different types of amino acids
conpeting for transport systems. For exsmple, Christensen has
shown that neutral amino acids inhibit the entry of lysine
into Ehrlich cells but that lysine can eliminate only a fixed
part of the uptake of neutral emino acids (394). Rosenberg has
shown that the basic ewino acids compete smong themselves for
a common transport system in the kidney (95). This provides
an explanation for the well established fact that infusian
of any basic smino acid into the kidney in vivo causes

increased excretion of other Albasic amino acids (95,57).
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From thess studies it is possible to imagine that the presence

of €-lysine acylase in the kidney may be related to its ability
to convert lysine from a basic to a neutral amino acid and 80
influence its rcsorptibn by different amino acid transport
systems, Two facts vhich would be required for such a system

are, hovever, not yet proved: I) free acetyl lysine would have

to exist in the kidney under some nutritional conditions., This

is not impossible bacause, while free acetyl lysine has not yet
besn reported in vivo, neither are there any reports of experi-
ments designed to look for it under conditions of either extreme
lysine deficiency or excess, 2) € ~lysine acylase or some cther
ensyme in the kidney would be reguired to scylate iysinn. Attempts
to use €-lysine acylase to acetylate lysine have not so far been
successful but scetylation of lysine by a preparation from beef

liver has been showm (36),

Fl The present knowledge of € =lysine acylase.

A recent listing of known enzymes according to the Enzyme
Commissicn classification (98) shows one enayme - 3.5.1,e,
€-N-acyl-L-lysine aminohydrolasae ~ with € -lysine acylase acti-
vity, Since this 1ist was prepared the sane, or similar, enzymes
have been isolated from several sources (5,6,7,8,9), These
enzymes differ markedly in their relative substrate specificity,
their pH optims and the degree of purification obtsined to date,
The fact which links these enzymes is their ability to deacylate
lysine substituted at the epsilon position, It was discovered

in the earllest investigations that the best substrates for the



ensyre(s) prepared fron animal. sources were the € -N-acetyl,
formyl, and chloracetyl derivatives of -L-lysine (5,3), vhereas
in microorganisus the best substrats was € «N-bengzoyl-L~lysine
(74). Bacause of this marked difference in substrate specificity,
the work by the two groaps has tended to follow different lines
and there sare nbt many points at which useful comparisons can

be made. A few points of comparison are listed below:

Sourece of enzyme pH opt, preferred substrates purification

gbtained
rat kidney 7.2 € =N~acetyl-L-lysine Ioox (5)
€ ~N~chloracetyl~L-lysine
hog kidney 8.0 ¢ =N~acetyl-Lelysine Is2x (9)
¢ =Nformyl=L=lysine
€ =N~acetyl~ X =N=glycyl=
Lelygsine
chicken kidney 9.0 e 6x (8)
Pseudomonas KT 83 6.0 = €N, N-débenzoyl =L~ 4000x (99)
lysine
Aspergillus oryzse No, 8,2-8.4 € =-N-benzoyl-L~lysine I0x (7)
10
Achromobacter 4,8=5,2 ¢ =N~bengzoyl-L-lysine "pure"” (100)

pestifer EA

It is uncertain at present whether these ensynes represent
a single angyme with different pH optima and relative substrate
specificity or totally different enzymes, A recent publication
on the substrate specificity of the bacterial enzyme (74), unfor-
tunately reports few of the substrates wvhich hsve been tested on
Preparations of animsl origin. Two other factors mske it impogszible
to compare the preparations from microorganisms with those from

aninal and avian tissues, In the first Plsce, no preparation from



- 24 »

the latter sources has been obtained completely free from acylase
I (E.C. No. 3.5.I.b) which ects on many alpha=N-substituted

amino acids although only very weakly on  ~Neacyl-L-lysine (101).
The fact thet enzyme preparastions from animal tissues (in contrast
to those from bacteria (I03), will act on - € =disubstituted
lysine detivativ?s (5,9), may be due to the combined action of
two ensymes, The evidence on this point is conflicting since

wvith € ~lysine acylase prepared froe hog kidney (9) acetyl-L-
methlonine is attacked - indicating the presence of #cylase I,
vhereas vhen N« € ~N=digcetyl-L-lysine was the substrate it
could be shown that acetate was releassd without the production
of free lysine, From this it was concluded thet only one acetyl-
amino position was attacked (9),

A second factor which makes it difficult to assess the
substrate specificity of animal and bacterial enzywe preparations
is the method of determination of activity used with the bac-
terial preparations. In an early paper (73), the authors used
chromatography with pure compounds as markers to identify the
Products of enzyme reaction. In later work (7,74,103) this
vas discontinued and an scid ninhydrin method was used (102).
This method is claimed to be specific for lysine and negative
for € =Nescyl-L-lysine (39) but the originel paper (102)
states that "the reaction seems to require only one amino group
< to the carboxyl group"., The originsl paper alsc lists

several animo acids and derivatives which react in a nannsx
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similar to lysine (I02), In the absence of actual data one
mist question whather the negative results obtained with
N,N-diacyl lysine derivatives are valid or whether the reagent
used would actually react with an X =N~-gcyl-L-lysine if it was

Produced,

Conelusion.

From the foregoing discussion it cen be seen that acetyla-
tion of the epsilon position of lyzine msy be of blological
importance in seversl Systews. In the first place, é-N-acetyl-L-
lysine is a substrate for several enzymes which do not act, or
act only very weakly, on free lysine, The acetylated compound
may therafore be an important one in the biosynthesis or degre-
dation of lysine, Secondly, acetylation and deacetylation of the
epsilon aming group of lysine may have ah important genetic
function through its ability to permit or prevent Histone-DHA
linkages, finslly, the neutralization of a dibasic amino acid
by acetylation of one amino group may be important in controle
ling the absorption of the amino acid ~ especially in the kidney,

As has been emphasized by many biochemists, it is almost
impossible to clarify the exact steps of any blochemical process
unless the enzymes concerned can be isolated and studied under
controlied conditions, and the results compared to the overall
reaction found in vivo. For this resson the present studies
were undertaken to expand the information available on € -lysine
acylase with the hope that it would help to clarify the role

of acetylated lysines in biological systems,



Experimental Results

A) A survey of the occurrence, subcellular distribution, and

PH optima of € -Lysine acylase,

Introduction.

Earlier studies on € -lysine acylase established several
interesting differences in this enzyme according to the source
from wvhich it was derived, Initially, 1t was shown that this
enzyme occurred in several tissues in marmals, but only in the
kidney in birds (8). It was also demonstrated that tha ensynme
occurred in the soluble cell fraction in the rat end hog (5,9),
but in the mitochondrial fractior in chickens (8)e Pinslly, a
difference in pH optime had slso been reported. Ths optimum for
bacteria being 5.0 (I03) or 7.0 (6), for molds 7.5 (7), for rat
kidney 7.2 (5), for hog kidney 8.0 (9), snd for chicken kidney
3.0 (8).

Such marked differences indicated that it vould be profitable
to expend the surveys already reported, to determine whether
these were species differsnces. Since the rat and hog engyme
had been investigated in some deteil (5,9), 1t was decided to

investigate a variety of birds with a few animsls for comparison.

Methods

1) Determination of L-lysine with lysine decarboxylase (I04),
Duplicate Varburg manometer flasks were prepared containing

2,4,6,8, and I0 pmoles of L-lysine in 0,06H pH 65,0 phosphete

buffer, Lysine decarboxylase (B, cadaveris scetone powder) was



| Beiowxars

tirped in from the side arm aftar equilibration and the svolution
of Clp followed in the usual maénner (105). The results are shown
in Fig. 7. From this 1t can be seen that 3an average of 18,5 pl
C0s is evolved Per umole of lysine., This figure 1s somevhat

lower than that rerorted by the original workers since no scid

wes added from the second side arm to release dissolved COg.

11) Frotein determinstion by the method of Lovry et al., (10s).
Crystalline bovine albuain (Sigma) was dissolved in water

to glve final concentrations of 9.05, 0,075, .13, Q.IS, 0.20,

and 0,40 wgm/ml. Three stock solutions were prepared:

Sclution A - 2% NaglUj in 0.IN NaCH,

Solution B - 24 Na, I tartrate in HoG,

Solation T - Ix CuS04.5H20 1n Ha0,

Immediately before use, solutions A, B, and C were mixed in the

broportions of I90:I:I, Five ul of the mizture was added to

I ml of the Lrotein solution and, after Standing ten minutes,

0.5 ml of Folin~Ciucaltean Fhenol reagent (obtained as concen-

trate from Fisher lLaboratories) was added with immediste,

vigorous shaking. The color was allowed o develcp for thirty

minutes and then resd in s Coleman Junior Spectrophotometer

8t 700 mu. The results are shown in Fig, 8, and indicate that

2 lineer relationshiy cen be obtained (between optical density

and protein concentrstion) from 75 to 4004 /ml. Experimentsl

krotein soclutions were, therefore, diluted to this range before

brotein determinetions were carried ocut,



(‘'suiw) -ugndul Jo uonpbJdnQg

auIsA| ajow 1\ 2ooifggl
—

auisk) ajowr /20 A 1'gL

auisA| sjowd /2001 6'g1

auIsA| ajow 1\«8.1 98l

00t oL Sy ot oz oL
[ 1 1 1 1 )]
ssjowrdg . .
A L0S
sajow rnf ¢ -
oot
sajown 9
sajown g
- -0G1
ssjowr Ot

ausA| sjow /oo M g'gl

!

*3INISAT=T 40 INIWAINDI 20) 40 NOILYNIWYIL3Q L°9|4

pasnpoud 2001/



O.D.,, 700 m gt —>

1.81
1.6
14-
1.2
1.0+
0.8
0.6
0.4

0.2~

F1G.8 STANDARD CURVE FOR PROTEIN .DETERMINATIONS.

[
015

0.2



- 28 =

1i1) Preparation of €~Ne-acetyl-L-lysine (107),

€ «N~acetyl~-L-lysine wvas prepared by acetylation of the
copper salt of lysine as described by Neuberger and Sanger (72)
but using LiOH as base (107,9).

Eighteen grams of L-lysine hydrochloride was placed in a
2L flask containing spproximately 750 ml water and brought to
a boll, Twenty-eight of CuC03; was added and the total volume
brought to IL, It was refluxed for I.5 = 2 hours and filtered
hot with suction, The filtrate was cooled to (0° to =50 C in an
ice-salt mixture, Vhen cool, S0 ml 2N LiOH was added to the
flask, The solution was stirred very vigorously (still in an
ice~salt bath) snd another S50 ml LiOH and 10.5 ml ;cetic anhy=-
dride were added dropwise, simultaneocusly, from éeparatc funnels,
over a period of one hour, The reaction was kept alksline at
2ll times by adding the Li0H faster than the scetic anhydride,
After all the additions were in the mixture was stirred for a
further hour at room temperature,

¥hen preciplitation eppeared to be complete and the mixture
had warmed to room temperature, 4N HCI was added until the pre=
clpitate dissolved. Hydrogen sulfide was then bubbled through
the mixture for at least 30 mins, with vigorous stirring, A
little charcoal mixed with celite was added to settle the
sulfide precipitate and air was bubbled through to remove
H25 fumes. The mixture waes then filtered through a thin layer
of celite, with suction, The pH of the filtrate was adjusted

to 5.7 with Li0OH, If sny blue color appeared the treetment



with HpS snd filtration vere repeated, The colorless filtrate
was reduced to a small volume in a flask evaporstor at 500 C, The
residue was sn oily liquor.

Crystsllization was carried out by the addition of cold
ethsnol (approrimately 3-5 volumes) and standing in the cold
overnight, The product was recrystallized from ethanol in the
same way, Acetone, in small amountz, aided crystallization,
but if used to excess caused free lysins to crystallize out too,
Using slow crystallization in sthanol, the product contained
free lysine in small amounts, The purity of the product was
checked by ascending chromstogrsphy in butanol: formic acid:

water, 70:15:I5, on Whatmen No, I psper.

Assay Procedure

All birds and animals ware killed by dscapitation, Tissues
were excised fror healthy, normal birds and animals within 30
mins, of killing (see p for loss of engyme activity § hours
after killing) and placed immediately in a dry beaker in an
i1ce bath, khen all tissues had been collected, each in turn
was trimmed of any fat or extranecus material, Intestine was
rinsed three or four times with 0,25M sucrose to reduce the
bacterial count; heart was rinsed once to remove blood; other
tissues were not rinsed.

Each tissue was then homogenized in a volume of 0,25M
sucrose equal to 5x the tissue weight., Homogenization was csrried
out in a glass homogenizer wvith a motor-driven teflon head,

or in an all-glass homogenizer with s toothed head, The latter
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was more efficient for tough tissues such as muscle and intestine.
Homogenization was continued until 2 falrly uniform suspension
was obtained but the suspensions s£till contained some crude
materlal and required large tipped pipettes (obtained from

Kimble Glass Co,) to dispense them, The horogenizers were chilled
in an ice bsth before use snd at one minute intervals during use
1f the homogenization wss prolonged, Mo homogenization was con-
tinued more than 45 mins, Any unground materiasl rsmaining at
this time was discarded,

Incubation of tissue homogenate with substrate was carried
out by placing equal volumss (usually 2,4 ml of each) of homo-
genate and substrate (dissolved in buffer to give 60 unoles/il)
in a 25 ml Erlenmeyer flask, The flasks were cgvered with s
piece of "Parafila" (obtained from Marathon Div. of American
Can Co.,) and shaken in a Dubonoff shaker st 370 C, The buffer
used and the duratlon of incubation varied with each experiment
and ere, therefore, recurded under each experiment, However,
the incubation time never exceeded 4 hours since the rate/time
curve had been shown to be linesr for this period (8),

Enzyme reaction was terminsted by adding 0,I ml of I,0N
HCI to esch flask, This reduced the pH below 4.0 and stopped
enzyrme sction. The mixture was then placed in a boiling wvater-
bath to destroy the enzyme, Tissue blanks were prepared by
incubating the tissue alone, under the same conditions as the
experimental flasks, and adding the substrate after the addition

of HCI,

l. -
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After completion of the engyme action, as described above,
the boiled samples were centrifuged at maximum speed in a clinical
centrifuge for a few mimutes, The supernatant was decanted and the
lysine content of I.0 wl sliquots determined as described, using
lysine decarboxylase, To determine the actual amount of lysine
produced by the action of € -lysine acylase, the CO2 evolved by
the tissue blanks was substracted from that of the axpsrimental
flasks, This also eliminated the effect of any free lysine in
the substrate,

Frotein concentration was determined on a small amount of
the originel homogenate and the enzyme activity expressed as
pamoles of lysine produced per hour per mgm proteiﬁ = SPECIFIC
ACTIVITY,

[t T
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Results,

I} Investigation of € =lysine acylase activity in various organs

from adult chickens,

Tissues were homogenized and incubated as described under
"Methods", The buffer used to dissolve the substrate vas 0.1IM,
PH 9.0, glycine/NaOH, and all incubations were csrried out for
two hours,

The results are shown in Table I. It can be seen that ene
syme activity was found only in the kidney as reported previously
(8). Also, when investigating the reproductive organs, separate
batches of kidney homogenates vere found to show no sex differences,
During the course of this vork, it was also fourd that, while
individual batches of homogenate varied, those prepared st different
seasons and those from laying or broody hens, had the same average
specific activity ss that shown here,

It would appear, therefore, that adult hens end roosters
show € ~lysine acylase activity only in the kidney, and that
the level of enzyme is not significantly sffected by seasonal

or reproductive factors.

II) Investigetion of € ~lysine acylasse activity in other birds.

A varisty of large and smell birds were examined for enzyme
activity using the same procedure as described for the chicken,

It vas found that in some birds enzyea could be detected
in the kidney, but that in others, no enzyme could be detected

at all, Possible explanations of these differsnces are discussed
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TABLE I

E-~-Lysine Acylase Activity in Adult Chickens

Tissue Sp. Act.*
EKidney (lale) J.108
Yidney (Female) D.I29
Liver 0
Splean 0
lancreas Q
Intestine )
Brain 3
Muscle (skel.) 0
Heart g
Lung 0
Reproductive (Male) 0
Reproductive (Female) o)

* proles lysinre produced/hr./mgm tissue,

All tissues vere tested st least tvice.
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on p57 . The specific activities of kidney tissue from birds
which showed activity at pH 9,0, under the pPresent assay con~
ditions, are shown in Table II, Tissues in which ne snsyne

activity was detected are listed in below:

Canary (A mixed breed commercially designsted as "Greens with
some mixed Cinnamon blood"™ - ie. the common household cage bird).
Tissues tested and found negative: Kidney, liver, spleen.
African Pinch ("Cut-throat" Robin finches from Senegsl and N,
Nigeria),

Tissues tested and found negative: Kidney and liver.

Budgerigars (common household cage birds of varioug colours =

a mixed breed),

Tissues tested and found negative: Kidney, liver, pancreas,
intestine, brain, skeletal muscle, heart, lung, reproductive
organs.

Bronze Mannikins (Spermester Cucullotus),

Tissues tested and found negstive: Kidney, spleen, liver, pancress,
intestine, skeletsl muscle, heart, lung, adrensl gland,

Adult chickens (various breeds including Rhode Island Red, White

Leghorn, Barred Rock, snd Cox Hesvy),

Tissues tested and found negative: Liver, spleen, pancress,
intestine, brain, skeletal muscle, heart, lung, female genital
organs, male genital organs,

Adult turkey (common barnyard),

Tissues tested and found negative: Liver, spleen, pancreas,

intestine, brain, skeletal muscle, heart, lung, sdrensl gland,
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TABLE II

Activity of Eidney Homogenates from Various Birds

Bira Sp. Act Bird Sp. Act
Chicken 0.I24 Turkey 0,113
Duck 0.064 Pigeon 0.178
¥i1ld Duckx* 0.041 Pheasantj 0.II8

* Trapped willd but resred in barnyard.

4 Farm bred,

Sp. Act. = pmoles lysine produced/hr./mgm tissue.
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Adult pheasant (barnyard-bred for table use),

Tissues tested and found negstive: Liver, spleen, pancreas,
intestine, brailn, skeletal muscle, heart, lung,

Adult duck (common barnyard),

Tissues tested snd found negative: Liver, spleen, yancreas,
intestine, braih, skeletal muscle, heart, lung, female repro-

ductive orgsns, male reproductive orgeans,

"Wild" duck (a single bird which was trapped wild wvhen young and

reared in the barnyard).
Tissues tested and found negative: Liver, spleen, pancress,

intestine, braln, skeletal muscle, heart, lung, adrenal gland,

Pigeon (common blue-grey wild type but reared in captivity),

Tissues tested and found negative; Liver, spleen, pancreas,

intestine, brain, skeletsl muscle, heart, lung,

Because of the varying size of the birds involved in the
sbove survey, 1t ssemed possible that trace smounts of enzyme
activity might not be noticed in small samples - sspecially
in the smaller birds, This was compensated for by taking larger
nunbers of the small birds., In Table III are listed comparative
average weights for birds and their average kidney weights
and enzyme activity. From this Table it can be seen that there
is no direct relstionship between the size of the bird and the
degree of enzyme activity, since duck, one of the larger birds
tested, hss one of the lowest specific activities; snd pigeon,

the smallest bird to show any activity, has the highest., It
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TABLE 111

Comparative G-ngine Acylase Activity of
Kidngz Hnmogenatas from Vericus Birds,

3ird Av. ¥t,. Av, ¥t. HMinimum Ratio Sp. Act.# Total
3ird (A) Kidneys Wt. used B/A Act. (x103)
(8)
gns 3ms gms
Turkey 3,825 24 7.8 0.,0062 0,113 2.68
Duck 1,581 11 4.3 0.0085 0,064 0,72
Chicken 1,350 3 1.8 0.,0086 0,124 1,14
"11d" duck I,0I3 g 5.6 0.0088 0,041 0.156
Pheasent I8 4 3.4 0.0065 0,II8 0.45
Pigeon 312 2 3.4 0.0084 0,I78 0.34
Budgle 27 0.20 1.4 0.0073 - -
Finch 18 0,13 0.8 0.0072 - -
Canary I6 0.20 I.0 0.0125 - —
Fannikin ] 0.08 0.6 00,0066 - -

r neoles lysine produced/hr,/mgm protein

* see text
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can also be seen that the ratio of body~weight to kidney weight
does not provide any index of activity (compsre "wild" duck and
canary). Purthermore the experiment in vhich the lesst anount
of chicken kidney used wvas comparable to the smount used for
Budgles geve s specific activity of 0,I24 (e, the sams as that

obtained from the much larger samples ususlly used).

I11) Investigation of €-lysine acylase activity in young chickens,

Since the € -lysine acylese mctivity found in the initial
experiments did not seem to be s direct function of the size of
the bird, it was decided to investigate any possible relation~
ship to developmental ege, Accordingly, young chickens were
obtained and the enxyme content of thelr kidneys determined,

The experimental procedure used was the same as that des-
cribed for adult birds, except that the incubation time was
increased to 4 hours for the very young birds, in order to
obtaln the maximum activity, Eight birds were used to obtain
kidney samples from the small chicks, but this wvas decressed
to two as the birds incressed in sisze, The results are shown
in Table IV,

In the first experiment with White Leghorn chicks, an
interesting gradation of activity with sge could be seen,
However, subsequent experiments, with Cox HReavy breed and with
2 second group of White Leghorn chickens, did not show such
marked effect, There was a slight increase in activity with

age, but even the youngest showed appreciable activity in



TABLE 1V
€-Lysine Acylase Activity in Young Chicks
Vhite Leghorn Cox Heavy Vhite Leghorn
Age Body - Sp, Age Body Sp. Age Bady Sp.

days VWt, gms Act, days W¢. gms, Act. days Wt. gms Act,

4 45 0 2 43 c.078 3 42 0.035
4 58 0.058
) 69 0.I00 4 59 0,091
8 84 0,091
I0 73 0.04I 1D 86 0.079 II 8s 0,150
14 110 0,089
18 132 0.I30 19 158 0.II8
26 244 0.108
a0 255 0.081

Sp. Act. = pmoles lysine/hr./mgm protein



- 40 -

these experiments, On consulting the breeder (Bray Chicks Lta,,
Hamilton, Ontario), it was learned that the laying hens (and
the newly hatched chicks before shipment) did not slvays receive
the same diet. The breeders wers unable to supply eny definite
information which would permit further investigation of this
point, The difference between these batches of chickens snd the
snall increase in sctivity with sge msy, therefore, have been
due to dietary factors but the facilities for confirmation of

this suggestion wers not available.

IV) Investigetion of the € -lysins acylase activity of chick embryos.
Fertile eggs were incubated at 379 for fifteen and twsnty
days respectively, At the end of esch incubatian period, the
enbrycs were removed from the eggs, decapitated, and the kidneys
renoved and placed in a dry beaker in in ice bath, With fifteen-
day embryos it was difficult to separate the kidney entirely
from surrounding tissues, With twenty-day embryss accurate
dissection was possible, Kidney tissue from sixteen embryos
vas pooled to make an adequate tissue sauple from the fifteen-
day old embryos. Seven pairs of kidneys provided sufficient
tissue from the twenty-day old embryos.
In each case the tissue was homogenized in 0.25 sucrose
8s usual, Very little homogenization provided a completely
srooth suspension, due to the softness of the tissue. Incubation
vith 80 pmoles/ml € -N-acetyl-L-lysine in pH 9,0, 0,IM gly-

cine/NeOH buffer was carried out for two hours, and lysine
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deternined as usual, The results are presented in Table V,

It can be seenr that, at both ages tested, chicken embryos
showed € ~lysine acylass activity comparable to that obtained
with adult chickens. Although the enzyms activity asppears to
be lower at the younger age, this 1s probably not significant,
Similar variation is seen between newly hatched chickens and
adult hens., Furthermore, the figure obtained for fifteen-day
0ld embryo kidney is probably low due to contamination of the
sample with other tissue (as mentioned above).

From these results it would appear that there is no
gradation in ensyme activity during the later stages of
enbryonic development nor coincident with hatching. It must,
however, be emphasized agsin that it was not possible to control
the diets of these birds, and this may have an important role
in the appearance of enzyme sctivity. For a fuller discussion

of this point see p 57,

7) Investigstion of the € -lysine acylase sctivity of animsls.

In a previous investigation into the eccurrence of this
enzyme (5,8,3), several animals had been shown to possess
€ -lysine scylase activity in a varlety of orgens, A few
others were therefore studied to expand the original survey.
Since the pH optima for rat snd hog kidney were different
(5,9), a preliminary experiment was run in which the enzyme
activity of gach snimal kidney was determined et different
pH velues, The activity of other tissues was then determined

at the pH found optimum for kidney. For some buffers it was
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TABLE V

€ -Lysine Acylase Activity of Chick Embrye Kidney Homogenates

Age of Embryos

Vt. of Xidney Protein Sp.
days used, gms ml, Act,
15 1.5 36.9 0.088*

20 1.5 34,5 0.108

* Sp, Act./mgm protein (This figure would probably be higher

if pure kidney tissue used),

Note: av. sp. act. for newly hatched chicks (2-4 days old)

= 0,081, sv, sp, act, for adult hens = Q,IIS,
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found necessary to sdd 0.2 ml IN HCI to reduce the PH below
4.0 vhen stopping the reaction. These buffers are marked "0, 2"

in the list below, All incubations were carried ocut for 2 hours,

Buffers used in animal experiments:
Hiouse: PH 7,2 - 0.0SM Veronsl
- 0,06M Phosphate
PH 8,0 - 1I,0M Tris/HCI (0,2)
« 0.2M Tris/Maleste (0,2)
= 0.,IM Phosphate
PH 9,0 - 0.IM Glycine/NaOH
Rabbits: PH 7.0 « 0,2 Tris/Maleate (0.2)

To
PH 8.6 - 0.2M Tris/Maleste (0,2)

Dog end Human: pH 6.0 - 0.08M Phnsphatc

PH 6,5 - 0,06M Phosphate

PH 7,1 - 0,06M Phosphate

PH 8,0 - I.0M Tris/HCI (0,2)

PH 9.0 - 0,21 Glycine/NaOH
Since all these buffers were used to dissolve the substrate,
vhereas the hemogenate was Prepared in sucrose, the finsl
concentration of buffer in the incubation mixture was helf

that given in the 1list above,

Hesults obtained with mouse tissues,
M

diF7J mice approximately eight months 0ld were used. In
the initlial experiment, with kidney homogenates, pH 8,0 was

selected as the optimum pH for this animal. Accordingly, all



other tissues were tested at FH 8.0, Liver was also tested at
other pH values to confirm that the lack of activity was not
due to a difference in optimum pH betwesn tissues,

As can be seen from Table VI, no activity vas found in
liver at any pH tested, The maxisun activity found in kidney
Vas approximstely one sixth that found in chicken kidney. Only

traces of activity were found in other organs,

Results obtained with other enimal tissues,
“

When rabbit kidney and liver, snd dog kidney, were tested
for their € -lysine acylase activity, it was found that rabdbit
kidney showed some enzyme activity over a wide range of pH
values, Rabbit liver was inactive both at PH 7.2 and at pH
8.0. Dog kidney was entirely inactive, These results are

suxmarised in Table VII,

A ts %o demonstrate € -lysine acylase activity in human kidney,
A normal human kidney was obtained from sutopsy within §

hours of death, The subject was sn adult mele, Using the same

buffers as had been exployed for experiments on dog kidney,

attenpts vere made to demonstrate enzyae activity in homo-

genates of kidney cortex, The results were completely negative

at 8ll pH's tested,

The effect of autolysis on enxyme activity,

Since it was not possible to cbtain human kidney without

seversl hours delay from the time of death, the question arose
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TABLE VI

€ ~Lysine Acylase Activitz in Mouse Tissues,

Urgan pH Sp. Act,

Livar 7.2 0

8.0 0

3.0 0
Kidney 7.2 0.012

8.0 0,019

9.0 0
Srleen 8.0 0.004
Intestine 8.0 0.008
Brain 8.0 0
Skel, mus. 8.0 1]
Heart 8.0 ]
Lung 8,0 0




- 45 =

TABLE VII

€-Lysine Acylsse Activity of Animsl Tissues,

TISSUE pH
8.0 6.5 7.0 7.2 7.6 8.0 8.6 9.0

Rabbit - - 0.0I3 0.020 0.02I 0.0I6 O0.0I0 -

kidney

Rabbit - - - 0 - 0 - -

liver

Dog 0 0 - 2] - ] - 0

kidney

Figures are sp,

@ct. = pnoles lysine/hr./mgm protein,



whether such delay might have caused destruction of the enzyme.
It was decided to test the effect of sutolysis on the € ~lysine
acylase activity of chicken kidney to determine whether autolysis
might be responsible for the negative results obtained éith huran
kidney,

Two chickens were killed, opened, and allowed to stand at
room tempersture for six hours before the kidneys were removed.
In order to see the maximunm possible differsnce between enzyme
sctivity in these kidneys, and that in kidneys removed from the
bird &s rapidly ss possible, determination of enzyne activity
was not carried out on the crude homogenates but on mitochondria
isolsated from them (see p 5! for isclation procedﬁrn). The
determinations vere carried out in the usual vay using pH 9,0,
0.T8 glycine/NsOH buffer and & two-hour incubation,

The specific activity of the breparation held at room
temperature for six hours was 70% of that prerared in the
noreal way. If one can assume that the sutolytic processes
are the ssme in the human and the chicken kidney, this result
would imply that autolysis was not responsible for the absence
of activity in the human kidney sample - unless the original
activity was exceedingly low,

The results obtained with a single, human autopsy sample,
and the effect of autolysis on chicken kidney, cannot be
considered conclusive, They do, however, suggest that the humen
kidney, like that of the dog, has little or no € ~lysine
acylase activity. Some possible implications of this suggestion

have been discussed on L 143,
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VI} Attempts to induce G-lx.sine acylase activigx in cansries.

Twelve canaries were maintained on & diet which included
sdded € ~N-acetyl-L-lysine for two weeks. It was learned from
the supplier that these birds prefer to obtain their water from
moist food rather then from 8 water trough, For this reason, a
solution of G‘~H-acety1-L-1ys1na was poured into the food daily.
Not 811 would be used due to scattering of focd by the birds,
but vhat they ate would contain a small amount of the sdded
smino acid.

Five nl of a 40 pmole/ml soluticn of € -N—acétyl-L-lysine
in water vas added toc the food each day for two days. Since no
ill-effects were seen, the volume was increased to ten ml per
day for four deys. At this time one bird died and several
looked "bloated™ therefore the dose was reduced to five ml
per day for the remaining time., No more birds died snd the
survivors all looked healthy at the end of the two weeks. No
gross abnormalities were seen at autopsy.

The livers and kidneys ware removed from the surviving
eleven birds at the end of two weaks. Each tissue was homo~
genized and tested in the usual way, The results are presented
in Teble VIII.

It can be seen that the amount of activity obtained is
very small, In fact, in view of the small amount of carbon
dioxide evolved, it is questionable whether it is signifiecsent,
However, the fact that liver was even more negative than kidney,

end that two runs with kidney samples yielded very similar
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TABLE VIII

G-Lxsine Acylase Activity in Canariss After

Additien of € ~N-Acetyl-L-Lysine to Diet.

HOMOGENATE

Sample rrotein RpiCog Specific

(mgm/ml) /ml Activity
Kidney * 43,2 0 0
untreated
Kidney I) 85.5 14,8 0.012
treated 2) 49,5 5.3 0,014
Liver 57,7 2.5 0.002
treated

* "Untreated kidney" was removed from birds which hsd received

the same food as the treated ones but without asdded

€ -N-acetyl-L-lysine.



specific activities, suggesfs that there may have been an

induction of enzyme activity.

VII} Effect of storage of kidnazs on € ~lysine acylase activitz.

Since the removal and preparation of chicken kidneys required
considerable time, severel experiments were run to determine
vhether the kidneys could be stored frozen and used as required.

Kidneys were removed from several chickens at once, trimmed
8s usual and divided into several containers. One batch was
homogenized immediately and the enzyns activity determined the
same day. The others were stored at -4° C, Individual sanples
were thawed and tested after various time 1ntervhls. The expe-
riments were also carried out with one bateh of pigeon kidney
for confirmetion that the stebility of the enszyme was a general
phenomena, The results are pPresented below:

Tissue: Specifice Activigz:

Fresh Ivk. 2vks, Inth, Zoths, Jmths, 4mths,

Yhole .12 - - - - 0,12 0,13

Chick.

¥idney 3,13 - - - - g.II -
6.I9 0.I9 - - - - -
0.2 - 0.20 - - - -

Vhole

Pigeon .17 - - - 0.I8 - -

Kidney

All figures on the same horizontal line constitute one experiment,

From these results it is obvicus that the enzyre 1s completely

stable when vhole kidneys are stored at -4° C for months. The




procedure adopted was, therefore, to kill large groups of birds

8% one time and store the kidneys until required.

VIII) The subcellular distribution of € ~lysine acylase activity

in birds and aninmsls,

It had been shown in earlier work (5,8,9), that € -lysine
acylase wes ﬁo be found in the soluble frection of rat and hog
kidney cells, and in the mitochondrial fraction of chicken
kidney cells. It was decided to prepare cell fractions from
scme of the rore active tissues and determine vhether this was
2 consistent difference between birds and animals,

Crude cell fractions were rreyared ss described below, After
it had been ascertsined which cell fraction contained the najor
rert of the enzyme activity, active fractions wvare washad with
0.25M suerose, recentrifuged, and théir activity redetermined.
In this way it could be demonstrated vhether the enzyme activity
remained distributed throughout several fractions, or tended

to become concentrated in one fraction as its purity increased.

Pregaration of cell fractions,

Homogenates of tissue in five volumes of lce-cold 0.25 M
Sucrose were ;repared by grinding in 8 chilled Varing blender
for 3 seconds. The crude homogenate was filtered through
cheesecloth, and ground in a glass grinder, with a teflon
grinding head, until uniform. The homogenizer was chilled in
an ice bath beiore use and atter every two progressions of the
head up and dowvn, The homogenate itself was kept in ice st all

times,




After zrinding was completed the homogenate wes centrifuged
at 3,000 rim in & No. SS 34 head in a refrigerated Servall centri-
fuge (1,085 x z), for ten minutes. The precipitate was taken as
the erude nuclear fraction, The supernatant was decanted and
centrifuged at 9,000 rpm (9,750 x g), under the same conditions.
The precipitate was taken as the crude mitochondrial fraction,
The supernatant was decanted snd centrifuged in a refrigerated
Spinco model No L, head Nc, 40, at 40,000 rpm (105,000 x g), for
one hour. The pracipitate was taken as the crude microsomal
fraction and the supernatant was taken ss the soluble fraction.
Since no washings were employed in the initial stages, the
soluble fraction did not become diluted and wes suitable for
use in testing for enzyme activity. |

Jetermination of enzyme activity was carried out as
described for the homogenates excert that the following buffars
were used:
For all avian kidney cell fractions the substrate was dissolved
in 0.2, pH 9.0 glycine/NaUH buffer.,
For experiments with rabbit kidney cell fractions the substrate
vas dissolved in 0,068M, pH 7,2, phosphate buffer.
For experiments with dog kidney cell fractions, each crude
cell fraction was tested at all the different LH values used
for the whole homogenate, employing the same buffers as used
for the homogenate (seep 43),

The results of cell fractionstion studies are shown in

Table IX. Fror this table it cen be seen that € -lysine acylase




TABLE IX

€ ~Lysine Acylase Activity of Crude Kidney

Fractions from Various Birds and Animals,
-—W

Cell fraction Sp._Act. Effect of Washing
5) Pigeon
Nuclear 0.08 Washing nuclear fraction
Mitochondrisl 0.27 once, removed half its
Microsonal 0.04 enzyme activity to the
Scluble 0.008 witochondriel fraction.
b) Duck
Nuclear 0.24 Washing nuclesr fraction
Mitochondrisl 0.30 once csused two thirds of
Microsomsl 0,031 its activity to move to
Soluble 0 the mitochondrial fraction.
c) Turkey
Nuclesr 0,08 After 4 sequential washings
Mitochondrigl 0.07 of the nuclear fraction
Microsomal 0.01 three quarters of 1its
Scluble D activity moved to the
mitochondrial fraction,
d) Rabbit
Nuclear 0.009
Mitochondrial 0 —
Microsomal 0
Soluble 0.1I
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activity is located ¥rimarily in the mitochondria of a8ll three
birds tested, and entirely in the soluble fraction of rabbit
kidney cells. All fractions of dog kidney cells were negative
at all pH's tested.

In the case of svisn samples, the fact that the second
highest enzyme activity wvss found in the nuclear fraction in
each csse is not surprising since this fraction would elso con-
tain any unbroken cells. The fact that the major portion of
this activity became transferred to the mitochondriasl fraction
by washing and recentrifuzing would indicate that'enzyme activity
is actually located only in the mitochondria snd thst the lesser
arounts of activity found in other fractions were due to con~

taminstion,

Ixz Confirmation of negative rasults using stronger buffer.

As this programme of work developed, it was discovered
that the buffer used during this survey was not strong encugh
to meintain the pH during the incubation psrlod. Since the
substrate was dissolved in 0.IM glycine/NaOH the final concen-
tration during incubstion was 0.05M, Other buffers used for
animel tissues were much stronger therefore there was no
question sbout them but with avian tissues, and this buffer,
the question arose whether negative values were perhaps due
to insdequate buffer strength, and conseguently, low pH
during incubstion.

Une other error was also discovered. During the survey

Just reported, buffer wss rrepared to the desired L H and
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substrate dissolved in it. The low concentration of glycine/NaOH
buffer was not sufficiently strong to be used this way. It was
found that this procedure yielded a substrate solution of 8LLTO-
ximately pH 8.5-8.7 rather than 9.0 which it was assumad to be,
{See Pp 45-ic0 for a full discussion of these problems).

Accordingly, three experiments were repeated with stronger
buifer, adjusted to the exact }H efter the sddition of substrate,
to check whether the apperent negative results were valid.
Homogenates were prepered as described on ¥ 29, Fresh chicken
kidney homogenate was run as a positive control. The results
are presented in Table X,

It can be seen that correction of the ¥H of the incubation
mixture did not alter the results cbtained, Thé negative results
obtained in this survey were, therefore, valid and not due to
faulty pH. The use of chicken brain in this experiment made
this conclusion particularly strong because, in one of the four
original experiments a trace of activity had been noted - so
low that it was assumed to be an artifsct. If faulty pH values
had affected the results this, of all tissues, was the most

likely to show positive values when the rH was corrected.

Discussion and Summarx.

The survey (8) of the occurrence of €-lysine acylase has
been expanded to include duck, phessant, wild duck, budgie,
finch, mannikin, wouse, dog, rebbit, sand human tissues. The
results obtained have conCirmed previous indications that

this anzyme can ba found in many memmalian tissues in small

X

20

5E
5

b



TABLE X

Confirmation cf Results Usiqg Stroggar Buffer During Incubation

Sample rrotein ulCis Sp. Act, pH.
mgm/ml, /ml

Canary 37.9 0 0 9,0
kidney
Chicken

71.2 77.6 0.1 9.0
kidney
Chicken 55,8 4.6% 0.004" 9.0
liver
Chicken 3 r |
brain 15,8 g] 0 3.0

S¥e Act. proles lysine/hr./mgm protein

* Probably an artifact. Cannot be considered signiricant

because of low CGZ valua,
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enounts but only in the kidney in birds., Although the results
&re not conclusive, there sre indications that the enzyme
ray be inducible in birds. This suggestion arises from two
joints, First, it 1s known that € ~N-acetyl-L-lysine is a good
dietary supplement for barnyard fowl and is used in some com~
mercial diets (I08,1I05)., The fact that one grour of young chlcks
showsd no enzyme activity and developed it sfter several days
in the laboratory could not be correlated with diet because
of lack of specific information on their dietary history.
Hovever, in view of the fact that other batches of young
chickens, snd of chicken embryos, showed merked enayme activity,
the clear-cut pattern of developing enzyme activity in this one
group can be more easily visualized es a resuit of diet than es
anything else,

Second iz the fact that small cage birds « which receive
a8 totally different commerciel diet - showed no activity,. No
correlation to body weight or kidney weight could ba shown.
There has not been sny intensive investigation of the bio-
chemical processes of such birds therefore differences in overall
metabolic processes can nelther be pastulated nor disnissed,
However, of the known factors, diet is again the most likely
differance between these birds and those which are delibarately
fed for their mest quality or egg-laying,

This speculation 1s also supported by the one sample of
wild duck that was obtained. This bird was traprped wild and

reared in the barnyard. The specific activity of € -lysine

{




acylase in its kidneys was considerably less than that of ducks
which were hatched and reared in the barnyard. It is possible
that the enzyme level was inecreasing, in response to dietary
factors, at the time the bird was killed. In addition, there

is the indication of 2 possible trace of enzyme activity in
canary kidney after their diet had been surplemented with €-N-
acetyl-L-lysine. Furthermore, € ~lysine acylase in Aspergillus
is an inducible enzyrme (7).

The extended survey reported in the yvresent work has slsc
indicated that the subcellular distridution of the enzyme is
distinctive. All snimals tested to date show enzyme activity
in the soluble fracticn if at all, A1l the birds tested show
enzyme activity in the mitochondria if at all..This difference
in subcellulsr distribution hss been shown with many other
enzymes (1I0). For example catechol oxidase is found in the
chloroplasts of tea leaves but in the cytoplesm of spinach
leaves (1I1). In many other exemples enzymes are found in
two fractions of the same cell, and show different 1H optima
and other ihysical differences, eg. L-glutamate-oxaloscetate
transaninase from rat liver (I72), malie dehydrogenase from
rat liver (II3). The examles available are sufficient to waerrant
the msjor part of one chapter in a recent text bock (I114).

At the present stage of knowledge of € -lysine scylase no
functionsl purpcse can be relsted to this difference in

distribution.



- 59 a

Experimental Results

B) Attempts to turify € -Lysine Acylase from Chicken Mitochondria.

Introduction:

Previous attemts to isoclate this enzyme {rom mitochondria
had resulted in some purification, but low yield (£). A variety
of methods.were therefore tested in sn sttempt to obtain puri-
fication of the engyme with significant yield,

Throughout this part of the work, the results obtsined
with eny rrocedure were not fully reproducible. Sowe ressons
for the variztions vere found, and ere discussed at the end of
this sectlon, However, nct all causes of variat;on vere discovered,
and eventually the attem;ts to turify the enzyme vere abandoned.
Yor this resson, the results rejorted in this section must be
re;aréed as tentative. Those which are tresented here are those
which appeared to offer reasonably clear facts when all exieri-
ments were aversyed, and might, therefore, be of future use

after the variable Ffactors have been elirinated.

Methods

The methods of praparation and storage of chicken kidneys
has been described on ; 25 and 50. The methods of jreparation
of kidney homogenate and the isolation of mitochondria are
described on [ S5I. The sssay procedure used is described on
¥r 29-31, In the present section various modifications of
these procedures are introduced in individual ex;eriments,

In such cases, the changes are described under the appropriate

experiments,
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Results

1) Attempt to sclubilize € -lysine scylase by prepsration of

acetone powder,

Chicken mitochondria were prepared as usual., The packed
crude mitochondrial pellet was suspended in an equel volume
of ice-cold distilled water. To this suspension was added
10 volumes of cold acetone (chilled overnight to -I10° c).

The slurry vas filtered in a Buchner with suction, The preci-
pitate was reguspended in a further 10 volumes of cold acetone
and filtered until dry but not allowed to warm to room tempe-
rature. It was then allowed to air-dry in the cold (+40C) for
4 hours, The dried povder was stored in the freezer in a
dessicator.

Twtc such preperations wers made. In both cases the un~
trested mitochondria and the freshly prepared acetone powder
were tested, The original mitochondrisl Ireparations had a
specific activity of 0.I08 and 0.097. The specitic activity
of the scetone Lowders was 0,002 and 0.000 respectively,

It was concluded that the preparation of acetone bowder was

not advisable for this enzyne.

1I) Attempt to Solubilize €-Lysine Acylsse with Triton X-I00%,

Fitochondria were prepared and suspended in water to give

8 volume 2x the originsl kidney weight. The suspension was

* Ubtained from Hertman-Leddon Co., ¥hiladelphis, Pa,
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divided into five parts and treated 8s follows:
I) Nu treatment (hold in ice bath).
2) Incubate at 37¢ C for ten minutes.
3) " """ hirty minutes.
4) As 2) but with Triton X-I00 added to dive & final concentra-

tion of 0.I%,
5) As 3) but with Triton X-I00 st 0.1I%.
The ten minute semples were held in ice until the others were
finished, then all samples were centrifuged in a refrigerated
Spinco ag 105,000 x g for one hour. After centrifugation the
supsrnatants were decanted and used as such, The precipitates
were each resuspended in 5 ml distilled water vith gentle
hand grinding. The rasults are presented in Table XI,

As shown in this table, Triton X~-I0C d1d not cause any

increased solubilization of the enzyre when compared to simple

dilution with water,

I1I1) Attempts to Solubilize € -Lysine Acylsse by freezing and

thawing mitochondris and grinding with sand,

Mitochondria were prepared ss described on F 51 and

resuspended in distilled water. Differant dilutions were used
ranging from 5x to 20x the volume of mitochondria, These
preparations were frozen and thawed repeatedly up to ten
times, either by & "slow" or "rapid” process. The "slow"
process involved freezing at =49 C (which required up to

I7 hours) with thawing at room tempersture (vhich required



TABLE XI

Effect of Triton-X on Chicken Xidney Eitcchondggg

Sample Frotein nlCos Sp. Total o/o Act,
mim/ml, determnd. Act, Act, in SN,
Control SN 4.4 24,3 g0.302 474 56
PPt 8.4 39.4 0.250
10 mins 370
SN 4,2 I2.8 g.16
L . L) 9 43
rpt 8.5 39.4 0,25 34
I0 mins 370
Pt 7.8 37,9 0,27
30 ming 370
SN 4,2 8,5 D.108 217 44
et 9,7 23,5 0.13
30 mins 379
+ Triton-SK 4,7 I15.3 0.1I5 35 58
et £.2 40,6 0,27
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1~2 hours). The "rapid" process consisted of shell-freezing
in dry ice snd acetone and thawing at 379 C in a waterbath
with gentle swirling (both of which required only a few
minutes). At no time was the wmitochondrial suspension allowed
to become warm. Frequent gentle mixing wes employed during the
thawing perlods to prevent any part of the suspension becoming
warm, As soon 88 the Suspension was thawed it was rlaced in an
ice bath.

The treated rreparations were then centrifuged at 105,000
¥ § in 8 refrigerated Spinco centrifuge, € -lysine scylase acti-
vity was determined as described on pp2%-3\ using 0.IM pH 9.0
glycine/NaGH to dissolve the substrate and a 2 hoﬁr incubation
reriod. The results of a typical experiment ari given below,

In this particulsr experiment the mitochondrial suspension
was divided into thres lots which were diluted 5, 10, and 20x
respectively, with distilled water. All three were frozen and

thaved four times by the slow procedure:

Senple A1CC2/ml Frotein Volume Spee., Total Relag=-
(rmagm/m1) . Act. Act., tive Act.

Mitoch. 60 59.0 6.0 0,03 10.6 2.2

5x ppt. 79.0 17.9 5.0 0.I8  17.0 ) 5 9y
Sn. 5.5 1.9 17.0 0.23 3.9 )

10x ppt. 31,0 16.3 5.0 .1z 10.9 ) 3 o
Sn. 3.0 1.7 23.5 0.0 0.0 )

20x ppt. 99.5 38,0 8.0 0,09 28,1 ) 3.9p
Sn. 10.4 2.7 48,1 48  18.9 )
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These activities are expressed in pmoles lysine/mgm protein/hour,
The "relative activity" is a calculated value showing the amount
of activity per ml that would have been obtained if the whole
sample of mitochondria had been treated in any one of the ways

used in this experiment.

This table shaﬁs several features typical of these experiments:
2) a batch of mitochondria which hsd a low activity - for which
no explanation wvas disccvered,

b) the enzyme activity released into the supernatant wes not
sufficlent to yleld significant CUp evolution for the determination
of meaningful specifie activity values,

¢) although some shift of activity to the supernatant cen be
seen in one ssmple its meening is questionable in view of a)
and b) and it could not be duplicated in further experiments.
d) the "relative activity" figures show that noc consistent loss
of activity occurred due to either the dilution or the freasing
and thewing.

Simllar experiments were carrled out in which the mito-
chondrial suspension was ground in a mortar with acid-washed
sand, The dilutions of mitochondria employed, the grinding tiame,
and the number of elutions of the sand residue, were 8ll varied,
A8 with freezing and thaving, the results indicated that there
WBS no consistent less of enzyme activity but neither was there
any reproducible, significent release of activity into the

supernatsnt,



1V) Storage of mitochondris.

Obviously, in order to have convenient amounts of mito-
chondria on hand for various experiments, it was preferable to
prepare them shead of time, The storage of frozen mitochondria
was therefore investigated, Short term storage of mitochondria
8t other temperatures was also exsmined,

Mitochondrie were preparsd as usual, In order to have com~
parable samples, the mitochondrial pellet was first resuspended
in en equal volume of distilled water and then divided into
tubes for storage., One tube was thawed and tested at each time
interval. Thawing was by gentls swirling in a waterbsth st 379 C,
The mitochondrial suspension was not allowed to become ware.

The results presented below represent sev‘ral axperiments,
All figures on the same horizontal line are part of the same
experiment. The figures shown are specific activity (pmoles

lysine produced/hour/mgm protein),

Storage at 1/2 dillution at -4° C,

Fresh 4 days IS5 days 23 days 30 days 47 days 61 days
0.140 - 0.168 0.17 - 0,108 0.14
0.1I88 0.188 - - - - -
C.124 - - - 0.I50 - -

From thess figures it ls apparent that mitochondria can be stored
up to two months without damage. Normally, however, they were not

stored more than one week,



Storsge under other conditions.

Dilution Temp. Fresh 20mins, 40mins. 3hrs, 24hrs.

2x orig. 3pec 0.227 0,270 0.230 - -
wt, of
kidney po c* 0.180 - - g.180 0.201

* in an ice bath,

It can be seen.that short periods of time 8t room temperature

do not destroy the activity of this enzyme in mitochondris,
Neither do longer periods near freezing point. A few attempts

to store mitochondria frozen when diluted to 2x the original
kidney weight ylelded very poor results. No controlled experiment
was made under thess conditions but it was concluded that frozen
storage should only be used for concentrated mitochondrisl sus-
pensions. For this reason, the routine procedure sdopted was to
prepare mitochondris (es described on pS! ), decant the super-
natant, and freeze the concentrated pellet directly in the
centrifuge tube. When required for use the pellet was thswed

for a few minutes in 8 379 waterbath and resuspended in

distilled water,

V) Attempts to Solubilize € -lysine Acylase by Rupturing the
Mitochondria with Ultrasonic Vibrations.

The machine employed was the Biosonic, 20 Kilocycle model,
produced by Bronwill Scientific Co. It consisted of & metal
chamber in which msterial could be placed for treatment,
Through the center of the chamber ran s cooling rod contalning

circulating fluid,
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Preliminary experiments, using water in the chamber,
indicated certain featurss of the machine itself:

a) tuning the machine by ear (which can be done with some
instruments of this type) wes not satisfactory. The sharpest
tone did not alweys produce the maximum cavitation.

b) the best results were obtained if the instrument was adjusted
to maximun visible cavitation (s faint mist seen above water)
with a known volume of water., If the tuning was left at this
setting and samples were prepered to this volume, fairly
consistent results could be obtained with mitochondrial
preparations,

c) the chamber required thorough chilling for at least one hour
before use. If this was not carried out the teﬁperatura within
the chamber rose to approxinately 250 C regardless of the
temperature of the circulating fluid,

Initially, water, chilled in a bath of dry ice end acetons,
was employed as the circulating cooling fluid., This was very
unsatisfactory becsuse it required constant supervision. Fur-
thernore, the tempersture fluctusted and at femperatures near
zero the vater was very lisble to freeze and block the systenm,
Eventually, ethylene glycol was employed as the circulating
fluid and cooled by an electric refrigerator motor.

Using the conditions described above, the Bicsonlc was
then tested for the rupture of mitochondris. Mitochondria
were prepared as before and diluted with distilled weter to s

suitable volume. A small sample was held in ice as a control
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and the remainder was placed in the Biosonic chamber., Ultrs-
sonic treatment was carried out for various pericds of time,

The samples were then centrifuged and the enzyme activity
deternined in the whole mitochondria, the supernatant and the
precipitate. Initially, centrifugation was carried ocut in a
Spinco at 105,000 x g for one hour, but little enzyme activity
was found in the supernstant unless ultrasonic treatment was
very prolonged (30-40 mins). Under these conditions there was
a great loss of activity., For this reason, the routine centri-
fugation employed was 20 mins at 15,000 rpm (27,000 x g) in 8
No. SS 34 hesd, in a refrigersted KC 2 Servall centrifuge.

Several problems were encountered in the da§1gn of these
experiments. If the total volume was placed in the Blosonic
chaxber initially, and samples removed at intervals, the
volume in the chamber and, consequently, the afficlency of
cavitation, varled. If the volume removed was replaced by
water or other solutions, the concentration of protein varied
and this was alsc found to affect the efficiency of the machine.
If, on the other hand, the suspension of mitochondris was dividsd
into separate lots and sonicated individuslly, it was necessary
to allow the machine to caol for prolonged periods between runs.
The lest fev sam les of mitochondria were therefore held in
the cold for prolonged periods. Since they were in dilute
sucrose, it was urcertain whether enzyme had been released
into the sujernatant by ultrasonic treatment or simyly by

stzniing in the cold in 2 hypotonic solution,
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After the introduction of the better cooling system,
seperate lots of mitochondris could be run without too great
delay. At this time the experiments on ultrasonic treatment
wvere repeated and confirmed those obtained initislly, However,
the bulk of the experiments on ultrasonic treatment were run
with the poor‘cooling system by the procedure described below.

After exsmining the various possible weys of carrying out
experiments on the effect of ultrasonic treatment, it was found
that the best results were obteined if a large volume of mito-
chondrla were used and the machine tuned for slightly less than
this volume. Smell samples were removed at the required time
intervals and the major porticn of the sample remained until
the raximum time. Fer example, if SO xl of mitochondrial
susjpension was used, the machine was tuned for 40 ml. Two
10 ml samples could bes removed at time intervals leaving 30 ml
for the final sample.

In Table XII the combined results of seven experiments
are presented, Although the five-minute samples shown here
had considerable activity, in meny runs they were totally
inactive - very little mitochondrial rupture having occurred.
Five minutes was, therefore, not considered suitable., Simi-
larly, 20 minutes was not considersd suitable because the ma-
chine freguently overheated during this yrolonged period and
destroyed enzyme activity. One such sample, with a specific
activity of 0.030 and a3 recovery of only I9%, is shown here.

The degree of variation encountered cen be seen from this



TABLE

XII

Effect of Ultrascnic Treatment on €-lysine

Acylase of Chicken Kidney Mitochondria.

Time in Sp. Act., Total Act.
Biosonic SN 88 % of Mitoch,
5 mins 0,338 67 5I%
0.125 558
I0 mins 0. 097 54
0.1I29 145
0.1I3 4
3,122 55 81% t 33,5
U.136 29
3,155 ¢
I5 mins 0,151 74
0,097 40
3,140 55 55% % 16.4
D.2¢1 81
0,213 71
20 =zins 7,210 72
0.200 70
0.140 78
0,157 89 515 % 23,8
0,03% 19
04259 105
a,182 &
3,129 59
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table, From this data fifteen minutes sonicetion was selected
for routine use since 1t apreared to offer the best compromise
between specific sctivity and yield,

The effect of tenperature during sonication

The experiments to determine the optimum time for soni-~

catlon of mitochondria were all run with the circulating fluid
a8t approrimetely zero degrees, In the next series of 8xperiments
sonication was carried out for various periods of time with the
cooling fluid set at different tem} eratures, The results are
kresented in Table XIII. From Table XIII it can be seen that
low temperatures were unsatisfactory. Since, at these tenpara-
tures, protein material was frequently found froéan to the
cooling coil which runs through the chamber, the £oor raesults
wmay have been due to loss of enzyme proteln rather than actual
destruction. In future experiments the temperature of the
circulating cooling fluid wes maintained st approxlimately +8° C,
This experiment slso illustrates certain other aspects of
the use of the Bicsonic. As can be seen from the large total
activity in each case, compared to the previous table, these
samnles were run individually after the introduction of the
better cooling system. They show that maximum releese of
enzyne activity into the supernatant with zinirum destruction
cccurs with a sonication time between 10 and 20 minutes (see

SN, +I0° and +50),
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Sun-ngz of conditions used for the preperation of sonicated

mitochondria in further experiments.

The tuning of the Biosonic was adjusted for a fixed volume
of water. The Biosonic was precocled for one~two hours until the
chamber was thoroughly chilled. The ultrasonic generator was
also run (while the chamber contained water) for about fifteen
minutes before the first use esch day,

Mitochondria were suspended in distilled water to give
the volume required for the ultrasonic chamber tuning. The
amount of mitochondria used was selected so that the finel
volume of suspension was approximately 2x the originsl kidney
welght, After the installation of the better cooling system
large volumes of mitochondria were obtained byAdividing a
large volume of mitochondrial suspension into suitable volunmes,
running each volume separately in the Biosonic, and peoling
the supernatants obtained,

Mitochondris were ice cold when placed in the chamber and
the circulsting fluid was maintained at approximately +8° C
during sonication. Sonication wes carried out for fifteen mimutes,

The treated mitochondria were removed from the chamber
and centrifuged at 27,000 x g in a No. 5SS 34 heed in = refrigera-
ted Servall for 20 mins. The supernatant was decanted snd used

for experiments. This preparstion will be referred to throughout

the thesis as "USgy™,




TABLE XIIl

Effect of Temperature During Ultrasonic Treatment

Sanmple T fluid Tizpe of Spe. Total Act, SN ss
' Sonic!\. ACt.SN Act.SN % Of Mitocho

Mit - - 0.227 37.9 -
SN + 100 10 min 0.270 29.6 78
20 min  0.230 24,1 63
40 min 0,102 11.3 29
SN + 50 10 min 0,097 8.2 . 21
20 min 0,170 17.9 47
40 min 0,097 10.3 21
SN 0 to ~30 10 min 0,108 10.5 27
20 win 0,072 6.7 17
40 min 0.066 10.9 28
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VI) Attempts at further Purification of € -Lysine Acylase

Eme USSH.

Having obtained s crude enzyme preparation free from whole

ritochordria several procedures were used in an attempt to

fractionate the active pratein selectively,

1) Asmonium sulfate treatment,

A sample of frosen mitochondria was thawed and diluted
to 2x the original kidney welght with distilled water. Five
nl was used as & control to determine the spacific activity
of the untreated mitochondria. The remsinder was ionicated
for fifteen minutes and centrifuged at 27,000 x g for twenty
minutes, Five ml of the supernatant was used as a control sample
of USsye. To the remainder, solid ammonium sulfate was sdded
slowly, with constant stirring, to give the required concentra-
tion, (70.5 gms% was taken as saturation). The nixture was kept
in ice throughout the procedure. Addition of ameonium sulfate
took approximately tventy minutes for 50% saturation and appro=-
ximately ten minutes for Iu% ssturation. The mixtures were
allowed to stand in ice for ten minutes after 8ll the ammonium
sulfate was added, The prepsrstion wes then centrifuged for
20 mins at 27,000 x g in a refrigerated Servall.

Iwo layers formed - 2 clear pink suparnatant and a
Pinkish-vhite precipitate - with 50% saturation., With smsller
concentrstions the increasing smount of protein remaining in
the supernatant was clearly visible. The rrecipitate vas

resuspended in distilled water, The volunme required to
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resuspended all the precipitates varied. Gentle hand grinding
was also necessary at this step.

The two fractions were dialyzed against running tap water
until the effluent was negative for sulfate, This required
from 2,5 to 5 hours depending on the flow rate and wes carried
out in the coid. The dialysis sacs were then transferred to a
dehydrating solution also in the cold. Two rethods were used
to reduce the volume ~ either standing overnight in 0.88M
sucrose or standing for two hours in moist "carbcﬁax" Feg 20M,
(obteined from Union Carbide, Canada, Ltd. (II5)). Engyme
activity and protein concentration were then deterrined on the
orizinal mitochondria, the untreated USsy, and. the two ammonium
sulfote fractions,

A total of twelve experiments, eéch employing several
concentrations of smronium sulfate, were run in this manner,
They showed great variation in the rercentage of USgy activity
recovered after smmonium sulfate trestment. However, in three
experiments all the USgy activity was recovered therefore it
would appsar that ammonium sulfate treatment per se was not
hermful. The variable causing pcor recovery in the remaining
experiments was not discovered. Fresumably it was not pH since
the same variation cccurred whether smmonium sulfate was sdded
to USgy at its original pE of 5.7 or to USgy which had been
adjusted to 1H 9,0,

Cne consistent fact diad ererge fram these experiments

and that was thet the bulk of the enzywe activity and the
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bulk of the protein were alwéys found in the same fresction.

This is illustrated in Table XIV where one experiment is given
in detail together with the average results obtained, From these
results it appeared thst no useful purification would be obtained

by ammorium sulfste precipitation and this approach was shendoned.

11) Precipitetion at acid pH,

A large baetch of USgy was divided into sepsrate beskers -
a1l kert in an ice bath. The USgy in each beaker was adjusted
to a different pH by the sddition of 0.IN HCI or 0.IN NaODH,
The acid or alksli were added Slowly dropwise from s long=tipped
I ml pipette with continuous stirring, Rach sampie was then
centrifuged fifteen minutes at meximupm speed (épproximately
2,500 rpm) in a clinical centrifuge in the cold room. A
sanple of the USsy was held in ice withont treatment, Its
¥H was 6,7, Only those samples adjusted to less than pH
6.0 formed precipitates.

Yhere & preciritate formed the supernatant was decanted
and the precipitate resuspended in distilled water to give a
total volume of five ml. Small smounts of the samples at low
PH were mixed with an equal volume of pH 8.0 0.IM glycine/NaGH
buffer and the necessary pH sdjustment to bring the incubstiocn
mixture to pH 9.0 calculsted, € ~lysine acylase activity was
then determined on each sample in the ususl manner baut inclu-~
ding the pH adjustment as required, The results are shown

in Teble XV.
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TABLE XIV

Effect of (NH4)2SO4 Addition to USsy

/o Saturn Vel ulCBy Protein Sp.Act Totaly ©/o krotein ©/o Act,

nl (mgm/ml ) Act, in SN in SN
I0 SN 10,5 2I.1 11.0  0.I9%0 11,55 80 100
ppt 4.0 0. 7* 2.9 O 0
20 SN IC.0 I0.8 6.2 0,084 3.97 50 50
Frt 14.5 7.7 s.I 0,046 4,07
30 SN I2.1 3.6% 16,1 0.007* 1.38 37 60*
et I.6 2705 34,5  0.038 1.97 .

S0 SN 84.6 @
ppt II.7 39,2  2I.0 0Q.070 1I7.2

Average of duylicate experiments

76 Saturation C/o Protein o/o Activity
in SN in SN
10 85 96
20 45 53
30 37 40
50 2 v

* Not siznificant

7 Total activity = umoles lysine produced if entire sample used.
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TABLE XV

Effect of pH on USgy

*

R
pH Sp. Act Protein Volume Total feovery
(mgm/m1) ml Act, Activ./ml. 9/

4,5 SN 0.0S 4.0 7.2 1.4 0.66 21
Prt 0,173 7.8 5.0 6.7

5.0 SN 0 3.0 7.1 0 0,73 24
Ppt 0.I3D 13,7 5.0 8.9

5,6 SN 0 4,0 9.4 0 1.04 34
¥t 0.400 7.5 5.0 15,0

6.0 SN 0,070 II1.9 8,0 6.8 0,81 25
wt - - - -

G.7** SN 0.24 12.9 5.0 15.4 3.08 100

8.2 SN 0,118 11,2 7.0 9,313 1,32 43
Bt - - - -

9,0 SN 0.160 10,4 8.0 13.31 1.68 54
PPt - - - -

* Total Activity SN + Total Activity ppt = Activity/ml.
Total Volume ESH + ppt)

»* Untreated USgy



From this Table it cen be seen that there was g selective
Precipitation of sctive protein at PH 5.5, 2s shown by the
increase in specific activity. There was alsoc considersble loss
of total enzyme sctivity in all samples especially at low pH.
Despite this fact the use of scid precipitetion was investigated
further because these results were entirely reproducible. During
the course of further experiments it was found that the range of
¥H 5.5~5.7 gsve reproducible results, and thst 0,IN HCI and
0.IN Hac wera equally satisfactory. It was alsop demonstrated
thet the jrecipitate obtained with either acid could be stored

frozen for a few days, as shown below.

Stnrage of pH 5,5 yrecipitate.

A batch of USgy was divided into two and each half adjusted
to pH 5.5 in the cold. For one half 0.IN HCI was used and for
the other 0.IN HEc. The yrecipltates were collected and resus~
pended with just enocugh distilled water to meke & slurry. Eamch
was divlided into three tubes., The engyme activity of one tube
of HCI precipitate and one tube of HEe Precipitste was determined
immediately. The remaining tubes were stored at -4° C. One tube
of each was thawed and tested at three and five dsys respectively.

The results are presented below:

No, dsays Acid used Spe_Act, Prot,/ml

storase

Fresh HCI 0.33 2.7
Hac 0,18 3.8

3 days HCI 0.33 2.4
Hae 0.1I57 3.3

5 days HCI 0.23 2.1
Hme 0.23 2.9
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From these figures it csn be seen thst although acetic
acid geave & poorer preperation than HCI, both could be stored

frozen for 2 few days,

111) Attempts to extract € ~lysine acylase from pH 5.5 precipitate,

The first attempt to extract enzyme activity from the pH
5.5 precipitate was carried out as follows:

The precipitate was suspended in 4 volumes of 0.06M
phosphate buffer at LH 6.0 and stirred gently for twenty minutes
in an ice bath, It was then centrifuged at maximum speed in g
clinical centrifuge in the cold for ten rinutes. fha sujernatant
was decanted and the precipitate resusiended in 4 volumes of
0.06K phosphste buffer P 8.0 and treated in the same way,

After centrifugation, the final precipitate was dissolved in
PH 9.0 glycine/NaOH buffer (0.I¥). Each fraction was tested
for enzyme activity in the usual manner. Since it was found
that there was considerable activity erxtracted st pH 8.0, but
even wore at pH 9,0, the pH 8.0 extract was reprecipiteted at
PH 5.5 and redissolved at L H 9,0 in the same manner as before,

From the result of this experiment (see Table XVI), it
appeared that 2 pH between 5.0 and 8.0 might extract lnactive
material leaving the enzyme bshind. Accordingly this procedure
wvas tried next. A fresh semple of LH 5.5 precipitate was ex-
tracted with (U,08M phosphste buffer at ¥ 7.2, allowed to
stsnd and centrifuged in s clinical centrifuge as befors.

The resulting precipitate was then dissolved in pH 9.0

glycine/NaCH butfer. In different runs of this experiment,
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TABLE VI

Extraction of e-dzsine Acylase from pH 5.5 precipitate
Eggariment 12

PH used %o ‘ Sp, Act, Protein Volume Total
extract (mgm/ml) al Activ,
8.0 0 4.8 23,5 D
A) 8.0 0.183 5.9 21.5 3.2
9.0 0.44 1.2 4.0 2.1
(residue)

Heprecipitetion of A) at pH 5.5 + extraction at pH 9,0

5,5 0 2.9 5.0 0

Y.0 { 0.26 9.1 0

The original pH 5.5 ppt in this experiment had a spacific
activity of 0.162, Total Activity 20.4.

/o Recovery in this experiment = [24 9/g
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Ezgarinent 2&2

TABLE XVI (continued)

PH used to Sp. Act. Protein Volume Total
extract (mgm/m1 ) Activ,
7.2 0.027 4.0 II1.5 I.20
9.0 sol 0.34 3.6 4, 16.0
residua 0.40 8.1 4, 10.9

Original pH 5.5 krecipitate
o/o Recovery = 81 %

E;gcrinent 2b2

Sp. Act. = 0,318 Totsl Activity = 34,5

PH used to Extraction Sp. Act, Protein Volume Total
extract Time (ngn/ml1) ml Activ,
7.2 20 mins 0 1.4 39.2 0
9.0 sol 20 mins 0.238 2,3 6.6 3.5
residue 0.130 8.3 5.5 7.3
S.0 sol 45 mins 0,145 3.4 8.6 3.3
residue 0.113 7.9 5.6 5.9
5.0 sol I20 mins g.40 3.5 6.5 5.2
residue d0.124 7.8 8.5 5.7

Original pH 5.5 ppt Sp. Act,

o/c Recovery = I41 %

= 0.118 Total Activ, = 25.4



e TR L e TS

- 83 =

TABLE XVI (continued)

Experiment 32

PH used to - Centrifug'n Sp, Act. Protein Volume Total
extract (mgm/ml) m Activity
9.0 sol I0 mins 0.187 3.9 44,0 28,7
res, Clinical 0.102 2.3 4.4 I.0
9.0 sol 27,000 x g 0.054 4.8 40.0 13,3
res. / 20 mins 0.054 3.6 5.5 I

Uriginal pH 5.5 ppt Sp. Act. = 0,194 Total Activ, = 43,9

o/o Recovery = 95 %



the speed of centrifugation of the pH 9.0 extract and the
length of time it was sllowed to stand in ice (with occasionsal
stirring) before centrifugation was varied. The results are
shown as experiments 2a and 2b in Table XVI.

A third type of experiment was slso enploved. In this ths
PH 5.5 precipitate wvas extracted directly with H é.ﬂ buffer
for epproximstely 20 mimtss. The extract was then divided and
each half centrifuged at different speeds; one in a clinical
centrifuge at maximum speed, the other in s refrigerated Servall
at 27,000 x g for twenty minutes. These results are alsoc shown
in Table XVI,

Certain conclusions can be drawn from a cémperiscn of
these results:
8) Extraction at pH 7.2 removes appreciable amounts of protein
leaving the active enzyme in the Frecipitete. At H 8,0 some
of the enzyme also dissolves,
b) Subsequent treatment of the pH 7.2 insoluble materisl at
PH 9.0 dissolves some of the enzyme, but aprreciable amounts
of engzyme remain in the precipitate unless it is either given
8 preliminary treatment at pH 8.0 or extracted for long periods
of time.
¢) As can be seen from the various experiments in Table XVI,
urless the originsl pH 5.5 precipitste had a high specific
activity initially the activity recovered by smy treatment
vas quite low., The theoretical recovery of I4I1% in Experiment
2b) is probably due partly to the low appsrent activity of the
original precipitate, The further dilution caused by repeated

extraction would only exsgerate this problem, and, as can be
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seen from Experiment I), aftempts to concentrate the material
by reprecipitation at pH 5.5 destroyed all activity.

Since precipitation at yH 5,5 entailed some loss of enzywe
activity in itself, these attempts to extract the active enzyme
did not yield a sufficient incresse in specific activity to

warrant further investigation at present.

iv) Attempts to rurlfy € -lysine acylase by selective adsorption
on Calcium Fhosphate gel,

In earlier attempts to purify this enzyme, calcium phosphate
gel had been used to remove some of the inactive protein (8).

In the first experiment, a sample of frozen stored PH 5.5
precipitate was thaved and resuspended in an equal volume of
distilled water with gentle hand-grinding, To 4,1 ml of this
suspensicn was added 1.0 wl of caleium phosphate gel (17.S
mge/ml). The pH of the mixtura was 5.9 and was adjusted to
FH 7.0 with 0,IN NaOH, The mixture was allowed to stand in an
ice bath for 30 mins with occasional gentle nixing., It was
then centrifuged very 1lightly (S mins st half-maximum speed
in a clinicel centrifuge) in the cold. The supernatant was
Plyvetted off and the precipitate resuspended in five volumes
of yH 9.0, 0.05% glycine/NaUH buffer (finasl pH 8,5-8.7),
and treasted in the same way as the gel mixture. This extraction
procedure was repested twice more. The second extraction was
carried out for IS mins, and the third for 2 hours. Enzyme
activity was determined in the original precipitate and in

each supernatant.



The amount of COp generated during the determination of
enzyme activity was too low to provide relisble values, but
there were indications thet enzyve was selectively extracted
in the second and third extractions with buffer. There was,
however, great loss in total engyme sctivity.,
The exyeriment was, therefore, repeated using ten minutes
in an ice bath both to sdd the gel to the resuspended precipitate
(at pH 7.2), and far each extraction with buffer., The results
of two such experiments are presented in Table XVII. In this
table the results from two experiments are tabulated in order.
It ean be seen that only in the case of the second extraction,
in the first experiment, was sufficient C0z evolved during
enzyme determinetion to have any meaning. Furthermors, the
duplicate experiment did not yield any activity in this fraction.
from these results it was concluded thet, as with extraction
of the pH 5.5 precijitate at different rH values, the procedure

was useless when the original amaterial had s low activity per se,

v) Attempt to combine pH 5.5 precipitation with ammonium
sulfate precipitation.

This experiment was run in duplicate on two separate
batches of [H 5,5 precipitates. In each case the rrecipitate
was resuspended in three volumes of yH 9,0, D,05M glycine/ﬁs&ﬂ
buffer. This gave a volume roughly equasl to the original
volume of the USgy and provided a suspension wvhich did not

settle out on standing in an ice bath, Sclid ammonium sulfate

was added slowly, in the cold, with continuous stirring, to
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TABLE XVII

Treatment of pH 5.5 Precipitate with Calcium Fhosphate (el

Semple plCOp/ml  Protein/ml

Volume Sp,Act. Total Activity

(m1) as % of original
rpt.
$.5 jpt. a) 9.2 3.3 15.8 0.I55 8.8 = 100%
b) 12.5 2.9 5.6 0.230 3.7 = 100%
gel SN, @a) O 0.4 4.0 0 0 0
b) = - - - - -
Ist a) 0O 1.7 6.1 0 4 0 1]
extr. b) 4.3 1.1 11.0 0.216 2.6 73
2nd 2) 16.4 1.4 8.8 0.85 6.2 70
extr. b) O 1.4 8.6 1] 1] 0
3rd a) 4.4 1.5 7.1 0.130 1.7 20
extr, b) 2.2 0.7 8.3 0 0 0
4th a) 2,3 0.8 8.0 0.I30 0.6 7
extr., b) 5.8 0.6 12.3 0.53 3.9 104

a), b) = duplicate experinents.
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give 20% saturstion. The addition took IS mins., The mixturae
was then centrifuged for ten minutes st 9,750 x g in a refri=-
gerated Servall, The supernatant was decanted and the precl=-
Pltate resuspended in z small volume of distilled water., Both
vere dialysed ageinst running tap weter until the effluent
tested negative for sulfste. This required about two hours.
The volume of the dialysate in the first experiment wss then
reduced by suspending the dislyzing sac in 0.88 sucrose for
two hours at +40 C, In the second experiment reduction of
velume wes csrried out by rscking moistened "Carbowax" (ob-
tained from Union Carbide, Cenada, Ltd., (IIS)) around the
sacs snd leaving them in the cold for twenty miﬁutes. The
enzyme actlvity of 811 fractions was then determined. Although
there was sufficient activity in the supernatant after ammo-
nlum sulfate fractionetion to produce significant C0; evolution,
there was not sufficient incresse in specific activity to
Justify the loss in total enzyme incurred in all the steps

from USgy.

The effect of enserobic conditions on € ~lysine acylase activity.
Two single experiments were run to determine the effect

of aeration on € -lysine acylase activity. The preparaticn of

wltochondris snd USgy were carried cut as ususl, Two ml samples

of tissue were incubated with sn equal volure of substrate in

J.In glycine/MaCH buffer, ;H 9.7, Before incubstion three

flasks containing mitochondrie end four flasks containing

USgy (together with their respective controls) were gassed
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with nitrogen for two minutes and then sesled wvith gas-tight
vhite rubber stoppers (I1I6). Incubation was stopped after
various time intervals (as shown in Table XVIII) and engyme
activity determined in the ususl manner,

It can be seen from Table XVIII that anasrobic conditions
had noc major effect on the activity of this enzyme. It is
possible that nitrogen was to ba praferred for ths longer
incubastion times but for the two hour period usually employed
the difference wss not sufficlent to warrant further investi-

gation.

Effect of lyophyligzation,

USgy wes prepsred as usual, Fart vas tested lmmedistely,
yart frozen overnight, and part lyophiliged, The lyophilized
sample was reconstituted next dey, using distilled water, to
give the same protein concentration as the frozen sanple.
Considerable hand grinding wvas necessary to dissolve the lyo-
philized sample and it was found thet the protein wvhich ac-
tually dissolved (end, was therefore, used in the determination
of the specific activity of the sample) was only half as much
as that in the frozen sample. Une part of the redissolved
lyophilized sample wass centrifuged in a Spinco at 105,000 x ¢
and the supernatant collected.

The enzyme sactivity of sll these samples was determined
in the ususl way, using a 2 hour incubation period, (It should
be noted that these experiments were carried out after the

discovery of the problems of buffer strength and pH discussed
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Bifect of Aeration on E-Lysine Acylase Activity

Semple Gas. Incubstion piCog Sp. Act.
‘ Time
A) Mitochon. Np I hour 13,0 0.253
2 hours 26,6 0.308
3 hours 45,8 0,313
2 hours 1.7 8.201
< hours 28,5 g.146
2 hours 39,1 D.I24
4 hours 54.5 0,175
Alrx I hour 23.9 3.188
2 hours 20,8 0.108
3 hours 28,4 0.115
4 hours 26,4 n.081

Ske Act, = pmolaes lysine groduced/hr./hgm protein,

A) 8) Two individual experiments . protein and volume same

Tfor all A) samples, and for all B) samples. Figures

can therefore be compared directly on the basis of

pluuz + sp. act. within each experiment,
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on p95, They were, theref ore, carried out using substrate
dissolved in 0.2M glycine/NaO