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duly large. The solvent is allowed to rise to a prescored 
pencil line, 10 in. from the bottom edge of the filter 
paper. This takts 1; hr. The blank produces a yellow 
spot on the finish line, and estrogens give in  addition 
n purple3 spot. 

Table 1gives t l ~ e  average Rf values of spots obtained 
by ehromatograpl~ing estrone, estradiol, and estriol, 
singly and in mixture. As expected from the theory of 
partition chromatography, the R, values of the three 
cowpounds decrease with increasing number of hydroxyl 
groups. Mixtures are readily resolved and identified. 
Only steroids containing a phenolic group give purple 
spots ; this includes the equine estrogens. Diethylstil-
bestrol does not give the test. Double spots indicate a 
cl~nmical change during the test, e.g., hydrolysis, or a n  
impurity in the compound tested. Certain 3-ketosteroids, 
having a double bond in ring A, give yellow spots. 
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The chloroplasts of higher plants derive from the mito- 
chondrial elements of the cell (4, 6), and possess extra- 
nuclear hereditary entities (chondriogenes [ I ]). Al-
though it has been shown that  isolated chloroplasts carry 
oxidizing enzymes ( 7 ) ,  and tha t  the activity of these 
enzymes may be deranged following chondriogene muta- 
tion (9),we are not aware of any reports dealing with 
the enzymic properties of the undifferentiated mito-
chondria i n  comparison with the chloroplasts. Furtber-
more, it is  important to know whether plant plastids and 
mitochondria carry all or the major part  of certain 
respiratory enzymes, as do animal mitochondria (3, 5 ) .  
It has been demonstrated tha t  certain animal neoplasms 
are characterized by peculiarities in mitochondria1 en-
zyme systems ( 2 ) .  Besides providing more information 
on extent 04 hoaology between plant and animal mito- 
chondria, such data  should also be of value in deter-
mining the role of mutant mitochondria i n  cell pathol- 
ogy, particularly in relation to  disturbed metabolism and 
growth. 

The genetically controlled plant material consisted of 
freshly harvested- lesves of Nicotiana tabacum L. and 
Lon ice~a  japonica Thunb.l The reriegated (plastid mu- 

lAcknon'ledgn~entis dne to the Department of Botany of 
the University of Maryland for furnishing greenhousc 
fucilitice. 

tant )  Nicottana material was secured by crossing an  
emasculated plant carrying the desired line of mutant 
mitochondria with a normal male parent. The F, plants 
were of the Maryland Medium Broadleaf type and, by 
virtue of somatic segregation of mitochondria, the leaves 
of the same plant often contained mesophyll cells with 
either normal, mutant, or normal and mutant mitochon- 
drial elements. These mutant nlitochondria are sexually 
inherited in non-Mendelian fashion through the female 
gametes and tlevelop into chlorophyll-deficient plastids 
with cytological characteristics similar to  type I I c  varie- 
gations ( 8 ) .  The enzymic activity of centrifugally puri- 
fied plastids and mitochondria of this material was com- 
pared with similar elements of normal cells. 

Extractions were carried out a t  8" C by grinding fresh 
leaf tissues in a Waring Blendor, in approximately four 
parts by weight of unbuffered sucrose solutlon (0.15 to  
0.5 molar), and filtering through glass wool on a Buch-
ner funnel. T l ~ e  filtrate ( a  cell-free homogenate) was 
compared with respect to  its activity with fractions of 
two aliquots, fractionated by differential centrifugation in 
a Servall Superspeed angle-head centrifuge. One ali-
quot, subjected to 19,000 G for  20 min, yielded a ' ( total  
pellet" and a supernatant devoid of microscopically vis- 
ible particulates. The other aliquot, subjected to  frac- 
tional centrifugations in order to remove nuclei, etc., 
yielded on sedimentation a t  120 G fo r  10 min a pellet 
composed almost entirely of plastids, or plastids and 
starch. The plastids were sometimes subjected to  addi- 
tional cycles of suspension and sedin~entation in fresh 
sucrose solution. The mitocl~ondrial fraction was ob-
tained by centrifugation of the supernatant a t  19,000 G 
fo r  20 min following removal of the plastids. The mito- 
chondria formed a compact browni~h-gray pellet. Micro-
scopically, they appeared mainly as colorless granules 
varying from 0.3 to 1 y in diarn. Some plastid frag- 
ments were always present in this fraction. 

Considerable variability in enzymic activity, determined 
by Warburg technique, was encountered in leaves fro- 
plants of different ages or growth conditions. This vari- 
ability was diminished by making comparisons between 
normal and mutant tissues derived either from eql~al  
areas of mutant and normal tissue of each leaf used, o r  
from different leaves of a p p m x i d y  the-same -phpio- 
logical age. Table 1 presents the results of some repre- 
sentative experiments i n  which composite tissue samples 
of normal and variegated leaves of approximately the 
same age were compared. Since preliminary data  
showed tha t  the tissue extraets decreased auto-oxidation 
of the substrates, corrections were not made h r . au to -
oxidation blanks. It was also dztermined tha t  addition 
of cytochrome C to P P D A  (paraphenylehe diamine) did 
not stimulate oxidation in the absence of tissue frae-
tions. 

Thrre is  little difference between normal and mlltaut 
fractions with respect to the oxidation of PPDA with and 
without cytochrome C. Pronounced inhibition of oxygen 
uptake following addition of azide occurred mainly in  
the fractions containing particulates, indicating tha t  the 
particulates are  the main carriers of the cytochrome 
system. As would be expected, there was some decrease 
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TABLE 1 

EXZYnfIC ACTIvITIms OF TIIE HOMOCEXKTE, TOTAL PELLET, hIVD FROMSUPERNATANT EQUAL VOLUMES (APPROXIMATELY 
EQriaL NUMEBIIS O F  CELLS) O F  NORRIIALA N D  (CONTAININGMUTANTMITOCHONDRIAL ELE~IENTS) MTJTANT TISSUES 

02 Nicotiana tabactbm* 

Homogetlate Pellet Supernatant 

A.7 Kormal Mutant Normal Mutant
P P n n g 
1st 25 min 
2nd 25 min 
PPDA + 
cyto-
chrome GO 
1st 25 min 
2nd 25 rnin 

GateckoZJI 
1st 30 min 
n o p a y  
1st 30 rnin 

R.7 
PPDAS 
1st 30 nlin -23.82-36.0 -21.4 -22.0 - 6.0 - 8.1 - 7.9 - 9.1 -16.0 -21.4 -16.0 -21.8 

2nd 30 rnin -16.4 -11.8(Az) -19.4 -13.2(Az) - 4.4 - 1.8(Az) - 9.5 - 2.5(Az) -14.0 -12.6(Az) -18.0 . . . 

PPDA + 

cyto-

clhrome C$ 

1st 30 min 42 .2  -31.4 -27.0 -31.6 -21.7 -19.9 -18.3 -21.4 -14.2 -20.0 - 9.6 -21.0 

2nd 30 lnin -26.6 -10.0(Az) -25.0 -11.4(Az) -13.8 - 3.6(Az) -13.9 - 3.'i(Az) . .. -14.0(Az) - 9.6 -11.4(Az) 

Cateclholll 

1st 30 min -129.0 . . . -18.8 -20.8 -50.5 -54.7 - 8.2 - 6.9 -77.8 -79.6 -15.0 -14.6 


c.7 
PPDAS 
1st 30 min -17.2 -21.4 -21.4 -21.2 - 4.4 - 5.6 - 6.1 - 5.6 -18.6 -18.6 -19.8 -22.6 

2nd 30 lnin -17.2 -16.8 (Az) -16.2 -17.4 (Az) - 5.9 - 4.4(Az) - 7.4 . . -19.6 -16.4(Az) -16.0 -18.2 (Az) 

PPDA + 
cyto-

chrome G$ 

1st 30 min -24.8 -23.2 -27.6 -27.8 -13.6 -14.0 . . . - 9.8 -24.2 -19 8 -12.8 -16.6 

2nd 30 rnin -22.4 - 5.6(&) -23.4 -20.8(Az) -13.2 - 4.1(Az) . . . - 2.6(As) -24.4 -18.8(iks) -12.8 - g.6('Iz) 

Catecholll 

1st 38 min -72.8 -68.0 - 7.2 0 -03.6 -34.9 - 0.7 - 0.6 -26.4 -39.2 0 0 


* Activities are expressed as pl 0?consumed per hr per ml homogenate equivalent. 

7 A, B, and C represent experiments on three separate lots 01 material. 

$ Paraphenylene diamine (PPDA), 0.02 M. Each value represents a determination on one vessel. Azide (Az), NaN,, 


104 nr, added after lapse of first period. 

5 CptochromeC (mammalian), 10" w. 

I1 Catechol, 0.02 M. 


7 DL-Dopa (dihydroxgphenylalanin~),0.02 M. 


in enzyme activity d i t h  time. The phenolase activity of vdues  fo r  phenolase activity fo r  the  mutant particulates 
extracts of normal tissues was found to be significantly a r e  much lower khan for  normal particulates. 

higher than tha t  of comparable mutant tissues. Bemi- A series of comparable experiments were pe~fo rmed  
qualitative colorime&ic de t emina tbns  of phenolase ST- with fractions of ndrmal Lonicera leaves, yiel'&ng data  
tivity in five separate pairs of leaf extracts ( , a d d i t i  .raf s i r n i b  to -those ebiained-with Ntco%ha. m e p e a s  Nico-
catechol, or tyrosine with a trace of catechol) also showed tiana fractions did not utilize lactate appreciably above 
tha t  normal tissues were more active than those of eor- the endogenous rate, Lonicera particulates did, Thus 
responding mutant tissues. i n  a typical experiment a Lonicera homogenate gave a Qo, 

Table 2 presents the range of enzyme activities of iso- of 0.5 with cytochrome C lod M, but  without added sub- 
lated plastids and mitochondria from normal and varie- strate, and 3.6 with 0.02 M lactate plus cytochrome C. 
gated tobacco leaves. I n  comparing the Qo, values of The corresponding values for  plastids were 0.1 and 1.3, 
mutant particulates with those of the normal plastids and and fo r  mitochondria 0.8 and 6.7. The supernatant 
mitochondria it should be kept in mind tha t  the dry  fractions gave no gas uptake with lactate. The gas up- 
weights per unit  area of leaf are  lower fo r  variegated take with lactate as substrate was not decreased by the 

than fo r  normal tissues, which fac t  explains the higher addition of .001 M azide. 

values found for  variegated tissues. Nevertheless, the  From the  data obtained, the f ollawing conclusions can 
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be drawn: ( a )  The particulate-containing fractions were 
the only ones i n  which the PPDA oxidation was markedly 
stimulated by the addition of cytochrome C i n  both mu- 
tant  and normal tissues. (b) The same fractions were 
the only ones markedly inhibited af ter  addition of azide. 
(c) Catechol was oxidized by normal tissue fractions a t  
a much higher rate than by the fractions from mutant 
tissues. (d)  The supernatant fraction showed consider- 
able oxygen uptake in  the presence of PPDA. This, 
however, did not involve the cytochrome system, as 
the addition of neither cytochrome C nor azide had any 
marked effect on the rate of oxidation. 

TABLE 2 

ACTIVITIES ISOI~ATEDRANGEIN ENZYMIC OF PLASTIDSAND 


MITOCHONDRIA F E O M  NORMALAND VAEIEGATED LEAVESOF 


Nicotiana tal~ncum* 


PPDA + z:::;Plastids PPDA cyto- Catechol 

chrome C 


Normal 0.1 
plastids 2.1 

4.0 

A-ormal 2.0 
mitochondria 2.6 

Mutant 2.6 
plastids 1.8 

2.7 

Mutant 2.4 
mitochondria 4.1 

* Each horizontal row represents data from one experi- 
ment. All activities are express(~c1as pl 0, consumed per 
mg dry wt per hr and are based on duplicate determinations. 

I n  general, the results obtained with Nicotiana and 
Lonicara show that  both mitochondria and plastids carry 
all or the bulk of the cytochrome oxidase activity of the 
cell, thus providing further evidence f a r  the homologous 
nature of plant and animal mitochondria. Furthermore, 
the data from NicoUana demonstrate that  mitochondria1 
mutation can result i n  marked derangement of certain en- 
zyme systems of the cell, and that  such abnormalities are 
apparent i n  both mitochondria and plastids. 
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The Significance of Nonclassical Statistics 

R. V. L. Hartley 
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Certain statements by Wiener ( 3 )  have led to the con- 
siderations given here, regarding the conditions under 
which the Gibbs type of statistics are and are not con- 
venient for  describing Newtonian systems. A parallel is  
traced between this situation and that which is met in 
wave mechanics, and the conclusion is reached that the 
success of nonclassical statistics in wave mechanics i s  not 
in itself evidence that  atomic systems are not Newtonian. 

The first statement, p. 110, is:  

In the Newtonian physics, the sequence of physical phe- 
nomena is completely determined by its past, and in particu- 
lar, by the determinations of all positions and momenta a t  
any one moment. In the complete Gibbsian theory i t  is still 
true that with a perfect determination of the multiple time 
series of the whole universe, the Imowledge of all positions 
and momenta a t  any one moment would determine the entire 
future. I t  is only because these are ignored, nonobserved 
coordinates and momenta that the time series with which we 
actually work take on the sort of mixing property with which 
we have become familiar in this chapter, in the case of tirne 
series derivcd from the Brownian motion. 

Then a t  the bottom of p. 117: 

. . . a dynamical system with no input may go into perma- 
nent oscillation, or even oscillation building up to infinity, 
with an undetermined amplitude. In such a case the future 
of the system is not determined by the past, . . . 

Such a system obviously does not conform to the defi- 
nition of a Newtonian system given in the first quotation. 
Since Wiener is  presumably referring to macroscopic sys- 
tems, the individual parts of which obey Newtonian laws, 
his statement implies that a non-Newtonian system may 
be constructed from Newtonian parts. We are therefore 
led to question the existence of a system such a s  he 
describes. 

Certainly some systems which are capable of sustained 
oscillations do not go into that  condition &&wi th  no in-
put." A pendulum clock or a gasoline engine requires a 
starting input comparable in magnitude with the result- 
ing oscillations. Certain types of vacuum tube oscillator, 
which depend on exact relations among the harmonics, 
will not oscillate for certain circuit adjustments unless 
they are subject to a fairly large input disturbance. By  
suitable design the magnitude of the required input may 
be reduced to the point where it is  practically impossible 
to bring the system into a condition suitable for oscilla- 
tions without having them start. Here the starting input 
may be of either of two forms. It may be a by-product 
of the adjustment which sets up the oscillatory condition. 
Here it is obviously determined by the past and nothing 
non-Newtonian is involved. I f  we assume that  the sys- 
tem can be brought into a condition of unstable equi- 
librium and left there, then it will remain in that  state 
indefinitely unless it is disturbed by some input. Because 


