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BIO sCS. ,-- MA a M MAa Al £ 1zAt ene enl iflA (i).
Note (*) by M. FaE COWH4 and CHRISTIAN W. HUMJ, presented by 14. Ron*
Lucas.

W'e recall the principle of our, method ( 2 )which permits It determinp

the coefficient of sedimentstion a of the complex enzyme-substratum(a)
formed by an enz~m* tpat is found in very small quantities (less than
1 •i) b •e,% c be _ on#aid even in very impure preparations. -I1

giv4-oer p calculus techifju&ýringing data of experimentation to a
value approached by .1sp -se • an experimental example as- 69

4.emAn~s V40Ia v its precision,

We recently described a new method of analytical centrifugation applic-
able to certain enzymes; it permits to determine their coefficient of

sedimentation, 1, in utilizing only a quantity of the order of enzyme

microgram. This last one can even be contained in a very impure preparation

where it represents only a weak fraction of the total mass of macromolecules
present (2).

In practice, one deposts during centrifugation, in a special cell,

s ohtin* bed (several microliters) of a solution of the enzyme on another
solution (of about 0_ ml) containing the 8ubatratums, of the enyamatic

reaction. Wring centrifugation the bed progresses, carries out the

reaction and leaves behind it molecules of products of the letter. Ou

method is applicable in the case where one of these products, P, absorbs

specifically a light of determined color; one then photographs the distri-

bution of product P in the cell of centrifugtion with the help of this

light.

If this centrifugation technique is simple, the quantitative

interpretation of photographs is complex and difficult. It seemed useful

to us to present in this Note the procedure that we are usinf provisionaly

and that already permits us to obtain an apprcidmate value a from the

coefficient of sedimentation I of the enyme studied.

THE PTqOMlSM. - The choice of experxn ental conditions will be

presented and discussed in a detailed Memoire; let us say only that the

optical density of photographs finds itself always on the interior of

the linear region of the sensitometric curve of the utilized emulsion.

A photograph taken in cycle t (fi_. 1 a) is then translated, with the

help of a photodensitomter register, in a curve P (x) (fig. 1 b)

representing in cycle •, the distribution of concentration of product P
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in funotion of 1 (distance to axis of rotation). What in important to
us are, in function of cycle, the distributions X (A) (W&z. 1 1 of the
conoentrateion of the easyme. These distributions are gaussian (7) but as
for what follow , it muffloe us to admit that they are symetrical in
relationship to their msximum. It is impossible to observe dire.otl these

distributions. From experimental curves PZ () We must find *min, if not
curves 21 (1), then at least the successive positions a (W) Of their

mixnimm, that is to may of th% Daenter* of the onyime bed. 3noawng the
angular speed, the value of g Is obtained iuzediately fram values of a (1).

SJMPJI NMMIGAL DVMPEWATIOZ4 CS URINWAL DATA. ..
SdL2 at zslldltv - 10 The initial co•centratlone of substrates are

such that in the entire sone of the cell and &= MIUUU L U& aaauz
baL the residual eoncentraticas are still maturants for the ensymatie
weaotion•.
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20 The enzyme does not inactivate itself during the duration of the
experiment.

Sm ifr bXQ &. - a. Between two successive photograpbs,
the bed sediments without changing form (Wi 1 A); this returns to neglect
the radial dilution and the diffusion of the enzyme during the interval of
time that separates two successive photographs ( 2 =m in gemeral).

b. Product P does not sediment and does not diffuse during the
interval of time considered the highest.

ZbtQrmi A't . -- Froa two distributions P, (A) and
(ng. 1 b.) corresponding to two successive photographs taken respectively
at time t and 1fr(f.&. 1 a), it is possible to calculate the differential
distribution th 4) =jf• P (1q-)(.) (-_. in), representing the
variation of the concentration of product P during the interval of time .
Thi3 variation is due above all to three causes t the first two are
sedimentation and diffusion, during the interval of time , of product P
already gXL1tgX& MI 1.& t; the last one is the enzymatic reaction*
Hypothesis b authorizes us to neglect the two first causes (as well as the
effect of the sectorial geometry of the cell). We will consider thus that
the differential distribution D,4?x) is due only to the creation of new
molecules of product P by the enzyme between times j and t

In these conditions it is easy_$o show that the position of the
oiids ith (2 , that is to say with the

position of the center of the e0ym• bed in the middle of the interval
of time that separates the two successive photographs t actually the
bed is displaced and in all points x the concentration of the enzyme
varies with the time; be it then M,-ý(x) the distribution of the average
concentration of enzyme between I 6nd-±+f. By another way, if the two
conditions enunciated above are respected, the quantity of product P
created at a point , at time I is proportional to Nt(z). Fron all which
precedes it evidently results that the ti±al quantity of product created
at a point , at times t and r eis proportional to the average concentration
of enzyme in I during the some time, which Is writtent

But the distributions Z,(x) not being known, it is not possible
to calculate the J4A(x); one knows however taken into account proper-
ties of eymetry and of invariance of form of curves E(x) , that distri-
bution -FAIl?(z) (fig. 1 a) presents, it too, a mnxim== in r lationshiJ to
which it is symetrical and %tose position coincides with t(t1O/2 ,

position of the maximau of r/.X), that is to Bay from thecenter of the
bed to the middle of the interasl of time T. There proceeds from it, since

the distributions M(x) and D(ý) are related sq. (15] the following
result, alrady mentioned higher ups Ihe i •A ineai. n Iha
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at uJr 1+ (V/2).

ZIEP34AL FZS .= We are giving here an e le taken from

the study of a commrcial preparation (Sipa product) of gbuee 6phosphate
dehydragenation; the bed contained 1 pag of proteins of which only 0.02 Vg of
enzyme m studied. Several centrifugations were carried out, &cme at 60,000
t/in, others at 42,000. In applying the approximate methqd that we have
just presented, we have obtained the following values i•so v _- 6.3• o.0.5 S
to 60,000 tim and so - 6.321-.06S to 42,000. The detail of these
experiments as well am' the comparison of these values to those that wer
determined by other authors will be reported elsevhere.

DISCOSICIt.. - The approximation utilized here Is £ Z very

open to criticism, the hypotheses adopted being able to appear inaceap-
table. However very preliminary results for the obtainment of biiha we
have taken into account the diffusion and the sedimentation of the
observable product P (here TMIM) as well as the diffusion of the enzyme,
seem to indicate, at least for the enzymatic system studied here, that the
introduction of simplifier hypotheses involves only a systomti@ error
in the order of per cet. It is besides remarkable that the values of,&
obtained after centrifugation at two indicated angular speeds, be practically

* equalt at 42,000 t/mn, the bed sediments two times more slowly than at
60,000, while pheanmenons of diffusion (whose omission in our analysis
is the essential cause of the systematic error mentioned above) does not
depend on the angular speed; to Change this latter one comes back again

thus to make the relative importance of phenomenons of sedimentation and

of diffusion vary; as we are neglecting these latter ones, to change the
anplar speed cmnes boak thus to cause the relativi importance of the
preceding error to vary, that is to say, to make A Vary. The absence
of an observable varistion of eý-in the preceding experiments confirms
the small value of the indicated error ().

(e) Seance of February 8, 196.5.
(1) This work benefited from the help of the General Delegation to

Scientific and Technical Research, and from the Commissariat of Atamie

beorgy.
* (2) R, o , CdMI = rmaA~n~jA, 256, 19639, p. 3613.

(3) :. VINOGAD, R. DBREHM, T. 1 r, and 1. VWIG13, Z=. Nat. AaA.
AM.. " .& 49. 1963. p. 902.

14) By 'differential distribution' one =mat undertand distribution
of the difference .±r1a P4ix)--P'(x).

(5) The collaboration with Miss Annick GuillemOnt was priceless to

us all during this work.
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