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. ’reface
After working three months on adaptive enzymes of . Coli and making very little

headway, it seems worthwhile ito summarize the reasons for the study and the progress
aade. This summary may then provide & basis for deciding what experiments, if any,
should be done when it is possible to resume work in biophysics,

Reasons for progran

Adaptive enzymes appeared to be an attractive point of attack on the nore
general rroblem of protein synthesis because in the adaptive process the cell could
te dirécted to syntﬁesize one particular protein as contrasted to the duplication
of all cellular components that occurs during growth. Furthermore, adaptation is
generally possible even in a nitrogen deficient medium where noral growth stops.
For this reason it appeared that perhaps the process of adaptive enzyme formation
involved only certain phases of protein synthesis and these particular steps might
be more understandable than the complete process.

It is knowmn that the formation of adaptive enzymes requires (with certain
exceptions) the rresence of the appropriate gene (Spiegelman, ‘onod, lwoff) and
the substrate. FHowever, once initiated, the syathesis can continue in the absence
of the gene (Spiegelman) or in the absence of the substrate (Hinshelwood). Fur-
thermore, most enzymes show some adaptive behaviour as they &re synthesised in
greater quantity in the presence of their substrate. Consequently, adaptive
enzymes are not unusual types of proteins and any insight into their formation
should apply quits generally.

As adaptive enzyme fornation proceeds without external nitrogen or sulfur
sources, the origin of the nitrogen and sulfur was of interest. 1In the case of
yeast, Splegelman found that one adaptive enzyme was formed as another diminished

irdicating perhaps that one particular enzyme was transformed into another, If,
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in this process, the entyms was broken down into amino acids and those were
then resynthesized, an exchange of labelled amino acids might be observed.

Under various conditions the concentration of RNA &nd DHA in the cell varies.
1f these are involved in the adaptation process, then some correlation might be
obsorved between their concentration in the cell and the rate of adaptation,

Finally, the irtensive study of any particular process using all the available
techniques (particularly P and § ) usually yields some new informstion. Om this
basis the study of adaptive enzymes was started,

Choice of Cell

Ee Coli was used beczuse of our nrevious ex;seri;mxce and because adaptation
is much more rapid than in yeast,

Choice of inzyne

The sugars available in tho laboratory were tested as substrates using
gluccse adapted cells and measuring oxygen uptake in the warburg. The results
Table Y show that lactose and arabinoss are the most suitable as there is a very
low initisl rate, a rapid adaptation and a high final rate.

Table I
Initisl Rate Pinal Rate Adapting Time

Glucose 100 w00 ' -
ramose 100 120 -
Galactose 50-100 100 30 uminutes
Arsbinose 190 100 40 minutes
Ribose ' 30 30 3 hours +
Xylose 12 75 2 hours
Sucrose 10 3 -

Lactose 5 120 40 minutes

Maltose 100 170 -
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“ffect of ediun
iffect of rmL on glucose xetavolism

The oxygen uptake with glucose as substrate is roughly doubled by the
addition of NH 4 to the medium. This has been ascribed to the increased energy
reguirenents due to growth which affects giucose netabolism by using up AT?
and zaking ADP available as a phosphate acceptor.

This theory is not acceptable because the effect of XH 4 is present with
1) cells in a lag phase that are not growing. 2 ) cells of such high density that
there is no growth. 3) Lysine deficient cells which cannot grow because of the
absence of lysine,

There are probably some synthetic processes occurring in the presence of NH,
which account for the increased-uptake of oxygen (and a comparable increase in
uptake of PO 4). One s;uch process could be the syrthesis of amino acids which then
diffused out into the medium, In one experi:ment we looked for radiocactive organic
sulfur in the supernatent of lysine deficient cells incubated with glucose, KH 4
and 3*(’) 4 but without lysine, After two hours incubation a small quantity of
non-sulfate sulfur was found, some of which would srecipitate with an excess
of cystine. These experiments should be followed up.

Effect of NH, on adaptation. |

The same effect of NH; is found with lactose or arabinose as substrates,

i, e., the final rate is about double in the presence of 'NH_,’ tut the time
required for adaptation is the same. NH, does not appear to be involved in the
formation of the adapiive enzyme,

- Other ingredients of the medium

The adaptation time was not affected by the addition of methionine using
normal cells or br the addition of lysine with lysine deficient cells, The

effect of K, lg, and SO4 and PO4 on adaptation should be tested. However,
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e iave ncti fcund any réc;uirerwents for the adaptation rrocers similar to the
comparable requirement for zrowth, Tt appears that the cell containsg the
material for the new protein within itself and only the subsgrate and energy
(derived from the substrate or from cellular reserves) ars roquired to initiate
the transforaation,

State of the Cell

Growing cells, cells grown on low glucose and cells grown on full glucose
show ircreasing times for adaptation similar to the increasing tine required
for the initiation of growth. This would bLe expected if one of the rate limite
ing factors in growth is a process sinilar to adaptation,

Lom X ard g Jells
Ceils were grown in a low K low ig nedium, then vashed and put in media
containing Mg only K only and a control containing K and Mg for further growth,.
This was clearly limited in both casa8, lineur growth veing observed in the K
deficient medium and a levelling off in the g deficient modiun, After the
density had doubled the cellSwere washed arnd tested for adaptation to lactose :
NH; in a medium with adequate K and Mg. The adaptation tizne was doubled by this
pretreatasnt in deficient media. Growth on glucoge in a campletfe medium was
also deiayed. These delays were probably not due to the iime required to take
up the lacking K or g as the oxygen uptake (with glucoss) returned to nornal
as scon as the KNMg was restored. The main object of this experinment was to
test adaptation of cells with different DNA/RNA ratios. lHowever, this failed
a3 neasurezents of RNA and DNA (by Pf showed that both the DNA and RNA were
norzal,.
Nitrogen deficient cells
If cells contain protein precursors (peptides?) these night be the source
of nitrogen for ihe adaptive enzyzes., This idea was tested by incubating the
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ceils with ~lucose in a ‘=free aedium before adaptation. ‘o effect was found
on the rate of adaptation., A4is a more stringent test cells were adapted to
arabinose in N~free mediun and then adapted tec lactose. This rre=adantation
did not affect the rate of the second adaptatioq. Consequently, there is no
evidence that the nitrogen of adaptive eneymes is formed from any limited
supply of rrecursors,
Losa of adaptive enzyues

Unlike Spiegelman we have not been able to reverss the adaptation in any
of the treatments tried. These include incubation up to 24 hours with glucose,
galactose, arabinose, z NHA and in buffer only. The lactose adaptation remains
after 5 generations of growth on gilucose., We have not attempted the prolonged
reversion methods cof finshelwood, In a fey cases a slight loss (20z¢) has been
found but t:is has no: hean repeatabla,

isolation of the lactose enzyne

1t was found that supernatents frona lactose cells and extracts of lactose
grown cells speeded up the adaptation. This was traced to the presence of the
lactage enzyme. As & quick test 2 ml of glucose grown cells (cld) 1/2 ml of
lactose and 1 drop of nethyiene blue were used., With gluqose ins£ead of laotose
the M. B. was decolorized in 4 minutes instead of 40. A4 strong enzyme solution
added woul: also decolorize in 4 minutes, This test was used to follow the
lactose activity of various rreparations. Roughly 50 a# of the enzyme activity
could be extracted from the cells or an acetone porer of the cells by shaking
at 60 cycles with glass beads. The enzyme could be precipitated with (NH4) 2
So,, or 75c¢, ethyl alcchol, it was stable in solution, could be dialyzed, and
was destroyed by boiling. Mo activity was found in similar extracts of glucose
grown cells. At this point Lederberg's article appeared which confirmed vhat we

xnew but did not help in further purification,
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Cells were mwown with P* and S® and these tracers used together were

kelpful in following purification. The methods used were not satisfactory but

some little crogress was made.

1.
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4.
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Very little can be extracted from acetone powder with PO, buffer .

H 4.5-8,

About 50 is extracted on shaking with glass beads (cells or acetone
powder ) o

A second extraction does no good,

The extract is cloudy and can be cleared by repeated centrifugating
without loss of activity.

Prguipitation by alcohol and §H4 SO4 depends on concentration and
previous purification and is not reliable.

Precipitation by §H4504 23 saturated does improve the $/? ratio but
causes a loss of activity,

No improvenent was achieved in the enzyme /S ratio.

The spectrum of the active extract looks like pure nucleic acid ard

no ray was found to remove the NA and leave the enzyne.

Work on purification was interrupted. As a pure enzyme is highly desir-

able (see below) further trials may be attempted later, particularly if lLederberg

has any further information,

Uptake of radioactivity during adaptation

Cells incubated with glucose and lactose one hour in N free medium with

radicactive cystine,

Total
'TCA Sol

TCA ppt

Glucose Lactose
37. 2
24 u \
5.8 | 5.3

This uptake corresponds to .03 mg of sulfur per ml of cells (in the TCA ppt) or
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1/120 of *he total sulfur content, Ais there is no .ifference between glucose

acd lactose nc conclugions can be drawn. Furthermore, the lonses from both groups
of cells on further incubation were negligible whether the second incubation

was carried out in glucose or lact.oaé. This is not surprising as the iéctose

activity is not removed.,

Uptake of S:co4

Cells incubated 1 hour & NH, with glucose and lactose

Clucose Lactose
o, =NHg +HH,, =3Hy
Total 5.6 10 1.5 12
Protein 2 01 0037 047 00105

In presence of il there is much more 59, uptake vdth glucose due to more growth,
etec. ‘ithout NHA there is slight excess with lactose possibly due to formation
of adaptive enzy-e, |
is the effects are small it will be possible to detect incorpeoration of
tracers into the adaptive enzymes (which may be 1/10% of the total protein)
only bys
a) Freferentially removing the enzyne.
b) Purifying the enzyme.
The enzynes studied so far cannot be removed. Catalase (studied by
Abelson) does decrease and might offer possibilities. Purification seems difficult.
Discussion
Most all the indications obtained so far are negative. The most consistent
picture is that some cellular protein (probably an enzyme) is slightly altered
by contact with lactose to form the lactase enzyue.
E~—> E*

,’,.,




Cnce = is converted to E*, Er@ E is synthesized by the cell even in the
absence of lactosa., A2 5 is a slightly wore stahle configuration, reversion
£% . E may occur after many generations (Hinshelwood). The gene may not be
involved in this transforzation at all. In the absence of the gene an alternate
form of E may occur which camnot transform to E* « According to this picture
there would be no uptake of naterial from the medium and no exchange of
amino acids., The only hope of proof would be in obtaining highly purified
lactase enzyne and demonstrating similarity to a protein extracted by the sane
process from glucose adapted cells which did not have lactase activity.

This transformotion might conceivably be induced in vitro.

Rurther work requires either a good method for purification or a fresh
approache

Richard B. Roberts




