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of a grcat variety of ulicorlllcctcd forces, can be described 
by tlle simplest mathematical function, xn and ex.'' 

Sizes of glacial boulclers 
----- -- -.-

Boulder length James Ilivcv 

(feet) area" 


4.0 to 	 4.4 615 
4.5 " 	 4.9 377 
5.0 " 	5.4 232 
8.5 " 	5.9 121 
6.0 " 	6.4 10'3 
6.5 " 	6.9 65 
7.0 " 	7.4 34 
7.5 " 	7.9 21 
8.0 " 	8.4 20 
8.5 " 	 8.9 4 

9.0 8 
!).I 
9.2 

I 
) 

I 

30.2 
10.5 
30.7 
10.8 
13.0 
13.2 
13.3 
31.6 
3 2.0 
13.0 
3 3.8 
18.0 
17.0 

Totals 

Itock types of glacial boulders 

.Tames River area Crosby-Minot arrs 
Nulnber of I'crcent Number of Pcrccnt 
boulders of total boulders of total 

Granite 3,481 91.7 1,084 61.5 
Granitic gneiss 54 3.3 476 27.0 
Very hard horn-

blende-biotite 
gneiss 40 2.5 43 2.4 

Garnet scllist 14 0.8 
I'aleozoic lime- 

stone 
Very hard sili-

ceous sandstone 
Basic igneous 

rock 1 
Greenstone 7 
Tertiary sand-

stone (Fort 
Union form) 2 

Totals 3,615 

* James River area, 1,170 square miles examined ; average, 
1boulder to 0.73 square mile. 

t Crosby-Blinot area, 2,600 square miles examined : average, 
1 boulder to 1.47 sclnare miles. 

More than 90% of the large boulders in cach arca are of 
granite, gneiss, and schist, and nearly all arc of hard, 
uliwcathcrcd rock. No largc weathered bouldcrs werc 
seen in tlle Crosby-Minot area, but 10 large boulders of 
deeply weathercd granite were recorded in tllc James 

River arca. Table 1 shows the number of boulders of 
cach size-group and the kinds of rock in each arca. 
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Characteristics of the Desoxycholate- 
treated Cytochrome Oxidase1 

S. J. Cooperstein,". Eiche1,hnd W. W .  Wainio3 

Department of Physiology, 

N e w  Y o r k  University College of Dentistry 


I n  1947 the authors reported the preparation and 

partial purification of a solubilizcd cytochrorne ovidase 
(9).  	 This artlcle is  concerned with i ts  furthcr char 
acteristics and the rnctllods cinployed in an  attempt to 
purify tlle dcsoxycholatc-trcatcd cytochrome ox~dase. 

Pl~yfircal appearance: 'Chc insoluble cytochrorne oxidase 
complcx (1, 6 )  is  tan, opaquc, and particulate in ap-
pearance. A partially purified prcparatloli (2-3%), 
madc as  previously dcscribed ( l o ) ,  is clear to the naked 
eye and light yellow in color. 

Lyophdrzatrorc: A11 of the desoxycholate-trcatcd oxi-
dasc prcparations lcportcd in this and in previous papers 
may be lyopllilized from the frozcn statc and stored a t  
O0 without loss of activity. 

Varratrons rn Q 0 2  protean: 'Chc partially purificd 
preparations from lamb hrar t  vary in their activity b j  
as  much as  350j0, havlng Q,,., protein valucs ranging from 

1,500 to above 2,000 when tcstcd with the hydroquinone 
system previously dcscribed (10) .  These variations may 
bc ascribed in part ,  a t  lcast, to  the ainoulit of protein- , 

in tlle insolublc cytochromc oxidase suspcllsioli which 
seems to be dircctly relatcd to tlle amount of sodium 
desosycholate tha t  must be used fo r  thc first extraction. 

Gel formation: 'Chc preparation of thc partially puri- 
fied ellzyme is oftcn madc difficult by the formation of a 
gel. This gelation seems to bc a property of the dcsoxy- 
cholatc. when dissolved in phosphate buffcr (7, 8). The 
osidasc activity is  not impaired, however. I f  the final 
supernatant is left to stand a t  0°, i t  will invariably gel. 
This gel may be liqueficd by simply warming the tube in 
the hand. 

Denaturation on stanclrng: A partially purified prepa- 

ration (1.5-30jo) has hccn kept a t  O 0  in both tlle con-
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centratcd form (gellcd) and diluted form for  6 days 
without loss of activity. Whcn tcsted on the tenth day, 
a f ter  bactcrial contamination was marked, thc conccn-
trated prcparatioli showcd no loss in activity and the 
dilute preparation a 30% loss. 

I n  view of the loss in activity of the irlsolublc cyto- 
chrornc ovidasc complcx wllcli tcsted in a systcm involving 
thc oxidatiorl of D-glucosc by addcd D glucose dchydro- 
gcnasc protein, dipllosphopyridirle nuclcotide, and cyto- 
chrornc C (3),i t  is  particularly iliterestilig to note tha t  
thc insolublc ovidasc preparations discussed abovc showed 
no significant loss in activity in 13  days when tcstcd 
with the hydroyuinone system. These obscrvatiolls sug- 
gest that  a factoir is dcstroyed in the aging of thc in- 
soluble cytochromc oxidasc coinplcv ~vhich is rlccessary 
for the oxidation of D-glucosc by thc previously mentioned 
system, but which is not rcyuircd for  thc oxidatiorl of 
hydroquinone. 

Loss in 
activity 

(%)  

Unheated 2180 
40 11 80 
45 710 
50 460 
35 180 
60 0 

Heat  stabilrty: Tablc 1shows thc destruction of enzy- 
matic activity a t  a relatively low tempcr:iture. Thcrc 
was no visible precipitatc in any of the tubes af ter  tllc 
partially purified and diluted (1:  25) preparation (2-
3%) had bccrl llcated for  5 mill a t  the temperatures 
noted. Tllc tcsts wcre made as prcviously ilidicatcd 
( l o ) , except tha t  scmicarbazidc (0.3 ml of a 0.1 M solu-
tion) was used as  a kctone fixative. 

I n  another experiment, neither tllc insolublc nor the 
partially purified prcparatioli suffcrcd any loss in activity 
after bcirlg hcatcd for + hour a t  37O. 

p I 1  optimum: Preliminary experiments indicate that  
thc oxidation of rcduccd cytochrome C by a l;artially 
purified, lyophilizcd prcparatioli (2-3vo) occurs most 
rapidly a t  p H  7. Tllc 0.05 M buffers used and their pIT 
values are as follows: acetate, pIl 5.04; phospl~ate, pI1 
7.0; phosphate, p H  7.95; borate, pT1 8.8; glycine, pH 
11.05. 

Tllc methods used in an attempt to purify the oxidasc 
are as  follows: 

Dialysis: Dialysis for  18 or 24 hrs does not signifi-
cantly alter thc activity. However, in an experiment 
whcrc a 1.5-30jo preparation was used in both thc con- 
ccntrated and thc dilute (1:  25) form, thcre was a con-
siderable prccipitatc a t  the crld of 3 days of dialysis ( thc 
water bcing changed cach day) and the preparation was 
inactive. A crudc test sllowcd littlc or no dcsoxycholate 
to bc prcsent. Added desoxycllolatc dissolved the pre- 
cipitate but did not rcstore the activity. 

Othcr cxperiments ilidicate tha t  i t  may be possible to 
removc thc desoxycholate without too grcat a loss in 
activity by dialyzing against 0.01 M KIl,PO,-Na,IlPO, 
buffer of p H  7.4 or abovc. This is  being further in-
vestigated. 

Centrifugation : I n  1944, Haas (4)  reported tllc scpa- 
ration of his cytochrorne oxidase prcparation into 2 com- 
porlerlts by centrifugation a t  10,000 rprn for 2 hrs. T l ~ l s  
separation has bccn rcvicwcd by Kcilin and Ilartree (6) .  
Our cxpcrimclits dcmonstratc tha t  cvcli the dilute prep:]- 
rations ( 7  : 25) car1 be centrifuged a t  20,000 x g for 2 l i ~ s  
without any indication of a scparation of components. 

Z r e c t  of p I 1 :  Thc p I I  of our partially purified prepa- 
ration (1.5-2%) is  approximately 8. By gradually low 
ering the p H  of a diluted sarnplc with IlCl, we find tha t  
a t  pI1 6.2 tllc activity is still in the supernatant (slight 
prccipitatc rcmovcd), while a t  pI1 5.78 the partitllly in- 
activated erlzylncs are in thc precipitate together 1vit11 
thc desoxycholate. 

Use of alcohol: A 0-4% prcpnratioil car1 be partiall) 
purified by fraction:il prccipit:ltioii with ctllyl alcohol. 
Preliminary experililclits on a lyophilizcd, partially puri 
fied preparation (1 .52%)  show that no visible precipi- 
ta tc  forms with as  mnvh as  800jo of alcohol a t  0". This 
collcentratioll of alcohol cornplctely dcstroys the oxidase. 

Z r e c l  of c l l~e r: I t .  was assumed, as  prcviously sug-
gestcd ( I O ) ,  that  the oxidasc complex might bc a lipo-
protein. 1\11 attempt \vas madc to separate the lipoidnl 
component by the use of cthyl cthcr. The activity of a 
partially purified oxidase (1.5-20jo) was complctely dc-
stroycd by washing ~v i th  ethcr. 

Preferential solubility in sodium rlesoz~jcholate: It has 
been showrl (10)  tha t  thc addition of a small amouiit of 
dcsoxycl~olate (1.5 or 2%) to the illsoluble preparation 
dissolvrs proteins of low activity, whereas largcr amoulits 
of desoxjcl~olatc (3  or 4%)  dissolvc active proteins a s  
well. It was on this obscrved diffcrciltial solubility of 
thc active and in:~ctivc proteins that  the partial puri- 
ficatioli was based. I t  sccmed possible also tha t  the 
various compolirrlts of the oxidasc complex could be sepa 
rated by successivr additions of small amoulits of desoxy- 
cl~olate. Igavorable results havc becn obtained by the 
use of this method, and :L prcliininary report has bccn 
prescrlted (2). 

References 

1. 	 HAWELLI,D'., and STIXN,L. 7:ioclicm. J., 1!)12, 46. 
317, 343. 

2. B~I('IIIL,B., C ~ ~ ~ ' ~ ~ : R S T E I S ,alld \v. I T .S. .T., W.iINIO, 
BioZ. Buzz., 3948, 95,239. 

3. EICHIL, H., ant1 \\ra~NrO,W. 7V. (Unp1il)lislietl.) 
4. IIans, E. J. bioZ. Clrori., 1044, 152,G!)6. 
5. I<IPII.IN, E. F. ro?/.Soc. Lond..  V., and HA~TI~IC~: ,  I 'roc. 


19::S, B125,171. 

E. B .  J . ,  1947, 41.6. I N ,D ,  a n  IIAI~TI~II, BiocWe?~~.  

500. 
7. SOBOTICA, Annu. rc,v. Bioclreni., 1943.H., iind BJ.o(!H,13. 


12,45. 

8. Vr.~cs,J. C. 1939, 208,980.Conbpt. T C I Z . ~ . ,  
9. IVAINIO, W. COO~~EI~STIIN,\b'., S. J., I<OlrI.IN, S., i l l l t j  

EIcirlcr., E. Science, 1947, 106,471. 
W. 	 S. J., I i ~ l ~ r ~ l c ~ ,10. 	 WAINIO, 7X1., COO~~I'.KSTEIN, S., ant3 

E~crrn:~,,E. . I .  biol. Olfeni., 1948, 173,145. 

http:I<IPII.IN
http:I<OlrI.IN

