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- Dear Dr. Lederberg,

We very much appreciate your recent letter and are sorry
that there has been a misunderstanding between us. I don't feel
it necessary to dwell upon the various aspects of this episode,
more important being that we manage to keep in contact on our
respective doings.

Thanks for reading the manuscript so carefully. I've
introduced the corrections you suggested. We, too, have found
Tthat TEA has an inhivitory effect on the ONPGase activity but it
ign't competitive with the alkali ions. On the other hand
(table III) varying the TEA.PO4 concentration doesn't affect the
lactase activity. However(table III), if TEA.PO4 concentration
is varied in presence of an activator the activator goes
through a maximum (significant although?sI14Ht) wHich is not
clear to us although we offer '

““é%%lanation at’ top page 9.

2

I have decided to send you a rather detailed outline of our
present work gnd findin 8o that you can have a comprehensive
idea of PRSI adﬁédirection o) ork,

- A
This is a summary only of the recent work of our group.
Roughly it can be divided into three parts.

a) Purification,
Starting with kilo batches of acetone dried adapted NL
E.coli we have 1isolated enzyme preparations with about 65,000 nM/
AT/mg N ONPGase activity (M/20 triethanolamine cacodylate pH 7,0,
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M/I0 NaCl M/600 ONPG, 28°C). The two key steps in the purification
are 1) precipitation (at 0°9C pH 7 1I/I0 K phosphate buffer) of
unrelated impurities by saturation with butanol. The enzyme
remains untouched in solution and there is almost quantitative
removal of nucleic acids, polysaccharide and other gummy substances
with a purification of 6-~7 fold. The enzyme preparation in 1 %
solution is colorless which is esthgﬁi@g}ly if not chemically
meaningful and the ratio%absorptionsﬁ' Bs to about 0.6, 2)taking
advantage of the fact that the B galactosidase is more insoluble

at room temperature than 0°C, If the butanol treated solution is
brought to 35 # saturated (NHq)oS04 at 0°C resulting precipitate
removed and the supernatant then warmed slowly to 20-25°C, a
second precipitate forms which is highly active,

We have used acetone, methanol, ethanol, dioxdne precipitation
with some purification regardless of solvent but none compares
with butano% at least in our hands. ZElution and absorption tech-
nics aren't ‘very useful either.

b) Physical characterizatioé.

In the ultracentpiﬁu;:foux best preparations a¥e still
quite heterogeneous but Mo+ ye

vlivesdtiar-¥id. Four or five deimpteset
separate peaks each of itself quite homogeneous ranging in sedimen-
tation constant between 4 for the Bhightest to I5-20 for the heaviest
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typical sedimentation diagram of preparation 65,000 p¥/hr/mg N

We too have carried out extensive electrophoresis experiments
on paper and have evidence that in crude extracts the enzyme is
complexed with other proteins which complexes are absorbed to the
paper, We have completed quantitative electrophoresis experiments
where the migration was carried out on double sheets of paper. One
was developed colorimetrically by the Tiselius technic, the other,
on the basis of the results with the first, cut into small uniform
strips of 5-I0 mms. Each strip was put into a 1.0 cc of NaCl
0.I5 ¥ and let stand overnight in the icebox. After the extraction
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of the enzyme, activities were determined and distance along the
paper plotted against activity. For crude lactase there is consi-
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derable spreading and apparent electrophoretic heterogen#eity.

The very best preparations have almost uniform Gaussian distri-
bution, We are trying to distinguish between heterogenieity duse
to an artefact of fractionation and an actual heterogen#eity in
the synthesis of the enzyme. Our accurmulating physical data indi-
cates the latter but fukther work must be carried out.

In addition we have completed some soclubility phase rule
studies on the enzyme but the work is as yet preliminary and seems
least satisfacfory as for as demonstrating heterogendgity is con-
cerned because electrophoretically and ultracentrifugally complex
preparations behave as single components in solubility tests ; a
fact which may prove very significant, .

elE

c¢) Now to some characteristics of the enzyméeits
Unfortunately, unable to get the necessary substrates by
letter writing, Jacques and I visited Bells lab in Cambridge and

synthesized a whole series of galactose derivatives.

After testing a huge series of galactose derivatives we came
to the conclusion that any change in the galactose ring structure
destroys the affinity of the substance for the isolated enzyme,
We tested for example the follewing substances.

At Cy4
COOH galacturonic acid 6 CHyOH
CHg d-fucose
CHpOCH; 6 methyl
H arabinose

CHgNOg2 6 nitro
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At C

% inversion H/OH glucose
methylation
anhydro between 3 and 4
nitration

03 methylation
reduction~desoxy at Cg
nitration

02 same as C3

C;y &< forms.
Cr- 4 B %@,éay#~f:~@0‘*'m . . .
We now have chloro derivatives and desoxy at C2 which we
haven't tried as yet,

On the other hand,as you know, any substitation at X leaves
the activity as a substrate, For example we tested Amethyl,
Poutyl, Aphenyl, /*naphthol, Ao nitrophenol, lactose, lactobio-
nic acid, A para nitrophenol lactose. We now have A mannose
galactoside and are synthesizing a AAdigalactoside which should
have the highest affinity for the enzyme, It will probably in-
terest Seidman and Link to know that we synthesized ONPG by a
slightly different technic before knowing of their worke, and
confirmed their characterigzation of the compound.

Jacques studied the role of the ions with this battery of
substrates and developed what he calls the "finger print" of the
enzyme, By a combination of the various alkall ions with several
substrates at different concentrations a series of Kg on Vm cons-
tants can be calculated which are reproducible with different
enzyme preparations with extraordinary precision., This delicate
test showed that during fractionation an alteration occurred in
the structure of the enzyme which would not be revealable by
activity measurements. On the other hand, it showed that the KI?
and ML lactqses were identical and also that the basal activity ©
is due to the same enzyme., We have begun a program of comparing
the lactases of Aerobacter, Saccharomyces, Shigella ]
several strains oI coli, L. bulgaricus, emulsign, megaverium and
calf intestinal lacdfdsSe. e

In addition we synthesized a rather interesting substance,
thiophenol-f-galactoside (TPG) which is not hydrolyzed by the
enzyme but is a potent competitive inhibitor. I will talk about
this later, We plan to make a whole series of thio compounds.
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We have also completed a rather striking experiment showing
the competition between H* ions and Na' ions by studfing the
apparent affinity of Na' for the enzyme at various pHs betwgen

5® and @§. As the HY concentration increases the affinity’ Na ,
decreases, It confirms the proposed theory on HY competitions.

plexone (Séquestrene inds all bivalent metals) is added to the
enzyme it loses all dctivity (even the basal activi@y). Only Mg
and Mn** restore the activity, Pet*, cat+, Ba't, sr*t,
without activity. 5 S T @ty e i tac T

- wAw e, & i

Another interesténg property of the enzyme is this. If com-

o G0 s i Y P gl e Gt v et e

Jacgues 1s completing a long series of kina}ic studies on
A-galactosidase synthesis. He used a mutant M'L'G™ which cannot
utilize galactose but in its presence forms the enzyme, Thus a
separation of the substrate as an energy source and inducer is
effected when maltose is energy source and non-utilized inducer

ie. galactose is used.
Two technics were developed :
1) continuous culture in bactogen.

2) Priming technic. A culture is limited on maltose, When
growth stops, inducer is added. No enzyme synthesis is noted
until maltose is added, Immediately after addifion. energy source
enzyme synthesis begins and the rate is linear from point 0 This
technic seems to remove the problem of penetration and is extre-
mely useful.

Jacques has begun to compare the inductivity of the series
of substrates and has some very interesting results., There is no
evidence of autocatalytic synthesis and certain inducers for exampl®
A methyl galactoside, are active at a concentration of I10~6 by
weight, His kinetics coupled with Pollockson penicillinase,rule
out quite thoroughly the autocatalytic synthesis at least inh these
two systems where defined enzymes are involved,

The whole series of galactose derivatives mentioned earlier
were tested as inducers and again any substance which lost affinity
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for the enryme also lost ability to induce. The intact galactose
ring is necessary to the inducer. However the thiophenyl galacto-
side (TPG) although it has high affinity for the enzyme does not
induce. This of course rules out the stabilization hypothesis.
The TPG however inhibits competitively the induction by other
substances and also inhibits growth on lactese showing that it
penetrates. Your observation that neolactose is a substrate for
the enryme but doesn't induce it is extremely interesting. We
would very much like to test this compound in our ML system. I
wrote some months back to Richtmyer but he told me he had none
left. Could you spare 20-50 mgs for us to test as inducer in

our system ? The TPG seems to inhibit the synthesis of basal
activity. Your constitutive lactase seems to be a perfect test
for the hypothesis of a natural inducer. The fact that glucose
grown cells are optimally adapted to ONPG and not optimally to
galactose is no evidence against the above hypothesis because the
pathSof galactose utilization as energy source and inducer might
be different or because the level of enzymatic activity necessary
to synthesize sufficient indu to maintain a constitutive lac-
tase is certainly & nuch loweé that necessary for optimal growth
of cells. We still would like to try the TPG effect on basal
enzyme synthesis if you're willing to send us this mutant.

s s e e e rae. e — — o —— —— oot o .t e woe e G et o s ARt wror v vt v S W o v s e

I can only here summarize the results obtained.

a) A rabbit antigalactosidase was prepared using the highly
purified preparations. The seaum precipitates but does not inhi-
bit activity. The resuspended specific precipitate has full acti-
vity. A correspondance between the enzyme Gz as an antigen and
as an enzyme can be defined in terms of enzymatic activity preci-
pitable by unit guantity of antiserum., This antiserum doesn't
affect amylomaltase.

b) There is present in unadapted cells a protein.gg which
cross reacts to a large extent with the Gz.

c) Thanks to a peculiar immunochemical difference in affini-
ties of the two proteins we were able to demonstrate that Pz was
also present in adapted cells.

d) When the cells adapt to synthesize Gz the level of Pz
falls to between 30-40 # of the original value indicating the Pz
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is converted to Gz. The effect is specific in that aney adapta-
tion not involving a synthesis if Gz doesn't affect Pz levels.
This result has been repeated in a whole series of different
mutants including KIg.

e) The Gz of all mutants tested, including K12 and liL are
antigenically and by "finger print" the same except one which

needs further verlflcat%on a mutant qgslog uegto your'Le@k dﬁ%@
LR, ‘wr L&, 4 By —
&Y e Pz 18 §§%§2n{ T Y R P T e TR

glucose™, etc, and is antigenically the same in all 1nclud1ng Kig.
We are starting a survey to study its distribution in bacteria
(Shigella, Salmonella, etc).

g) The antiserum can be absorbed with Pz l@(&nadapted extracté
to leave a fraction which reacts only with Gz. Very recently.
such that the ink hasn't drleQ4our notebooks,we found that cells
grown on maltose as energy source in the presence of TPG produce
en antigen which precipitates the absorbed serum but which has no
A galactosidase act1v1ty. It seems as though TPG induces the
formation of the\wrong s%;uc re and 1f verified,will demonstrate
that the combination of thé %hducer is not with the enzyme but
with the precursor.

h) We have carried out extensive purification of Pz and it
fractionates identically with Gz. In fact our best preparations
of Pz have high activities of Gz due td™%oncentration of the trace
basal activity. We are bevlnnlng some immurochemical analysis on

enzyme. In addition we are iiigﬁ anti Pz gera to more directly
stu%thls protein, Y4uee o D - cxeingy B AwE piae :«é
Fi4.€,

ur total work to date has led us to a hypothesis that the
precursor Pz is converted to Gz by polymerization around the in=-
ducing Bubbtrate¥ The kinetiecs, the imnunology and other circums-
tantial data 1nclud1ng the heterogen#eity suggest this hypothesis.
In any case it is a good working assumption and we hope before not
too long to have the molecular weights of Pz and Gz.

Dr. Wainwright from England is with us now, working on the
amylomaltase along the same lines that we've carrled out with the
lactase and has purified that enzyme quite considerably.

I have outlined our work in considerable detail in the hope
that our laboratories can from now on maintain a close correspon-
dance. iﬂ feel that further duplication of work at this stage of
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ocur development would be unfortunate in view of the fact that
there are many aspects of the problem we are letting fall only
because unwittingly we are repeating the efforts of others.

Qur efforts have been directed toward defining the bilocherical
aspects of the system. We are particularly interested in the
neohanlsm of synthesis of adaptive enzymwes and have characterized
and isolated the enrymes and their possible precursors only be-
cause 1t was a necessary preliminary to our work, We have a
huge gap in ocur facilities to study the genetic aspects of this
problem even though the presence of Francis and Betty Ryan has
given us a shot in the arm.

You mention in your letter a desire to discuss a planning ef
the lines of work which should be followed in the different labo-
ratories. We would like to offer some sort of collaboration but
the distance between us might be a deterrent. 1In any case we
would be delighted to characterize for you any of your rutants as
regards properties of enzyme (finger print), specificity and
rates of adaptation, antigenic properties of Gz and Pz. We are
not in any way prepared to handle the genetics and we have deve-
loped quite extensively the blochemistry, so that it seems as
though we could have a profitable exhange of materials, We would
like to continue (o0 develop our present lines of work without
entering into competition with anyone and we can do this by
keeping in close touch with you. We will send you any and all
manuscripts before publication.

I plan a rather extended stay in France. I find this country
rich in human and cultural values which is not lacking in the
States are at least different. The lab itself is an extremely
inspiring place to work in and we have coming to work with us
from the 3tates a very wonderful group of people including the
Boudoroffs and Ryans. 1 am glad you are in contact with Aldn,
¥y regards to him. If you see Dr., Williams and Dr, Phil Cohen
around send them very best. Deutsch will stay with us several
weeks in July before returning to the States,

Thanks agaein for your letter,

Sincerely yours,

Melvin COHN

Yo hont, cwpitecy Wt 4 W»Z S

»




