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BIOFHYSICS. .. Op & naw meds of ukilizatiop of spelytical santxifuges M.
X;:te (*) by MM, RENE COHEN apd CHRISTIAN W. HAEN, presented by M. Rene
cas,

¥e recall the principle of our,method (2) mhich permits %e determing
the coefficient of sedimentation 8 of the complex enzyme-substratum(s)
formed by an enzyme thet is found in very small quantities (less than

1%g) being-eble 3o be confafiipd sven in very impure preperations. Ve

give-aeTe p calculus technf&uxﬁ)‘ringing data of experimentation to a

value spproached by 8p we-are-presenting an experimental example
dteovesing-brislly its precision, -

¥We recently described & new method of enslytical centrifugation spplic-

sble to certein enzymes; it permits to determine their coefficient of

sedimentation, 8, ip utilizing only a quantity of the order of enzyme i

microgram. This last ope can even be conteined in a very impure preparation {

where it represents only a weak fraction of the total mess of macromolecules !

present (<), $
|
|

In prectice, one depcsits during centrifugestion, in a special cell,

2 %thin® bed (seversl microliters) of a solution of the enzyme on another

solution (of sbout 0.5 ml) containing the substratums of the enyzmatic [

reaction. During centrifugetion the bed progresses, carries out the ‘

reaction end leaves behind it molecules of products of the latter, Our i

method is applicable in the case where ome of these products, P, absorbds !

specifically a light of determined color; one then photogrephs the distri. !

bution of product P in the cell of centrifugation with the help of this |

lignt. {
!

If this centrifugetion technique is simple, the quantitative
interpretation of photogrephs is complex end diffiocult, It seeamed useful
to us to present in this Note the procedure that we are uunﬁ provisionally
snd that already permits us to obtain an sppreximate value 8° from the
coefficient of sedimentation g of the emayme studied.

presented and discussed in e detailed Memoire; let us say only that the
optical density of photogrephs finds itself always on the interior of
the linear region of the sensitometris curve of the utilized amulsion.
A photograph teken in cycle t (f£ig. 1 a) is then trsnslated, with the
help of s photodensitameter register, in & curve P (x) (fig. 1 b)
representing in oycle t, the distridbution of conceptration of produet P

{
|
THE FROBLEM. .= The choice of experimentel conditions will be |
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in function of X (distance to axis of rotation). What is important to

us are, in function of cycle, the distridutions B (X) (fig. 1 A% of the
concentration of the enayme. These distributions are geussian () dut as
for what follows, it suffices us to admit that they are symetricsl in
relationship to their maximum, It is impossidle to observe directly these
distridbutions. From experimental curves F; (X) we must find again, if not

| ourves B, (Z), then at least the successive positions 2: (&) of their

| maximm, that is to ssy of thg *genter® of the ensyme bed. Xnowing the

f angular speed, the value of g 1s obtsined immediastely from values of zg (%).

SIMPLIFIRD NUMERICAL INTERFRETATION OF EXPERIMENTAL DATA:e we
‘ Conditiona of yaliditye =- 1° The initisl conmcentretions of substrates sre
‘ suoh that in the entire Sone of the cell and afiar passags of iba snzvma
had, the residusl concentrations are still saturants for ths enzymatioc
reaction,
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2° The enzyme does not inactivate itself during the duration of the
éxperiment,

Symplifier nypotheasn. -- 2. BSetwesn two successive photographs,
the bed sedimsnts without chenging form (L£ig. 1 4); this returns to neglect
the redisl dilution and the diffusion of the enzyme during the interval of
time that separates two successive photographs ( 2 mm in genersl),

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

Datermipation of 8%, == From two distributions P, (X) and B, (%)
(£ig. 1 b) corresponding to two successive photographs taken respectively
at time t end #-I(_{ig. 1 8), it is possible to celoulate the differenmtial
distribution (%) Df(x) = P (Z)'%’PL(E} (£i5. 1¢), representing the
variation of the concentration of product P during the interval of time .
This variation is due above 2l) to three causes : the first two are
sedimentation and diffusion, during the interval of time , of product P
alreedy existing at fime £; the last one is the enzymatic resction.
Hypotbesis b euthorizes us to neglect the two first ceuses (as well as the
effect of the sectorial goometr{ c? the cell). We will consider thus that
the differential distribution D;*{x) is due only to the creetion of new
molecules of product P by the enzyme between times ¢ end $t%

In these conditions it is eagy 3o show that the position of the
meximm of D’Z{x) coineides with X [t} (T/2 , that is to sey with the
pooition of the center of the enzymé bed in the middle of the interval
of time that separates the two successive photographs : actually the
bed iz Aisplaced and in all points x the concentration of the enzyme
veries with the time; be it then M4{(x) the Adistridbution of the average
concentration of enzyme between t énd £+7, By another wey, if the two
conditions enunciated ebove sre respected, the quantity of product P
created at & point X at time t is proportional to E;(x). From all which
precedes it evidently results that the fota]l quentity of product created
at & point X st times % and $+7Tis proportional to the average concentration
of enzyme in X during the seme time, which is written:

(M pL+T(R)= aMrT(2), (a=Cee).

But the distributions E,(x) not being known, it is not possible
to calculate the M>Z(x); one knows however taken into account proper-
ties of symetry and of invarience of form of curves E(x) , thet distri.
bution Ml"v'ﬂx) (fig. 1 @) presents, it too, a meximum in relationship to
which it is symetricel and whose position coincides with ¢ t+(c/2],
positicn of the maximum of B 4 fX), that is to sey from thécenter of the
bed to the middle of the intervel of tim‘t."rnere proceeds from it, since
the aistributions M(z) end D(x) ere relsted [eq. (1)) the following
Tesult, already mentioned higher ups ihe pasiticp of iha meximum of iba
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Aiffarentinl D/Rx) ia that of tha center af the aavns hed

EXFERIMENTAL RESUIIS, .. Wo are giving nore an example taken from
the study of a commercial preparation (Sigme product) of glucose-6-phosphate
dehydrogenation; the bed contained 1 pg of proteins of which omly 0.02 of
enzyme was studied, Seversl centrifugations were carried out, some at 50,000
t/mn, others at 42,000, In applying the approximate methgd that we have
just presented, we heve obtained the following veluos s 83, y = 6030 0.05 S
to 60,000 t/mm end 83y, = 6.32L0.06S to 42,000, The detail of these
experiments as well ad the comperison of these values to those that were
determined by other authors will be reported elsswvhere,

DISCUSSION. «- The approximetion utilized here is 2 priaori very
open to criticism, the hypothases sdopted being able to eppear insocepe
table. However very preliminary results for the obteimment of which we
have teken into account the diffusion and the sedimentation of the
observable product P (here TRIH) as well ss the diffusion of the enzyme,
seem to indicate, at least for the enzymatic system studied here, that the
introdustion of simplifier hypotheses involves only a systematic error
in the order of per cent. It is besides remarkeble thst the values of 8
obtained after centrifugation at two indicated angular speeds, be practically
equel: at 42,000 t/mn, the bed sediments two times more slowly than st
60,000, wvhile phencmenons of diffusion (vhose omission in cur eémalysis
1s the essentiel cause of the systematic error mentioned above) does not
depend on the angular speed; to change this latter one comes beck agein
thus to make the relative importance of phencmenons of sedimentation and
of diffusion vary; as we sre negleacting these latter ones, to change the
angular speed cames back thus to cause the rohtiv! importance of the
preceding error to vary, that ia to say, to nake 3% vary. The absence
of an observable varistion of g% in the preceding experiments confirme
the smell vslue of the indicated error (5).

(*) Seance of February 8, 1965.

(1) This work benefited from the help of the General Delegation to
Scientific end Technical Research, and from the Commissariat of Atomie
Energy.

(2) R. COHEN, Comptes randua, 256, 1963, p. 3513.

(3) J. Vmww, Ro m. Bo KENI'. ‘M Jo UEIGI.E. m. m. M.
Sa. .., 49, 19630 p. 902,

14) By *differential distridbution® one mast understand distribution
of the difference finia Puf(x)—P (x).

(5) Tue collsboration with Miss Annick Cuillemont was priceless to
us all during this wvark.

(labaratory of Enzwmalagy, G N. R. 3.
Gif-suc-Yvatta, Seine-at-Qian.)
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