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in the present study, but it was noted tha t  venous I~lood 
samples withdraw^^ for C'O analysis were consistently a 
bright red color in the high pressure experiments, i n  con- 
trast  to those drawn undcr other conditions, ir dicatir~g 
a big11 degree of oxygen saturation of venous blood. I n  
ar;y case, i t  is apparent tha t  the resting metabolic oxygen 
needs may be rnet almost completely by the dissolved oxy- 
gen when pure oxygen is  breathed a t  2.5 atm pressure. 
Thus, in addition to a significant acceleration in CO 
elimination rate, allmnini\tration of oxygen a t  h ~ g h  pres- 
sure would also seem to relicve hypoxia ilnmediately h~ 
victims of CO poisoning. 

Clinical trial of high pressure oxygen as  a means of 
therapensis in CO poisoning thercfore appears warranted, 
and is recommerliled where suitable pressure chamber 
fneilities are available. There is  no evident rcason nhy  
i ts  use cannot be coupled with a number of s ta~ldard  
mwhanical resuscitative devices, thereby extending i ts  
application to cases where respiration llas stopped. I n  
general, to  go beyond CO poisoning, high pressure oxygeu 
might be used profitably in many situations where the 
homoglobin oxygen transport mechanism has been ren-
dered inoperativc, and may be regarded a s  a valuable 
adjunct to  the clready well-established te~llnjque of 
oxygeli therapy. 
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Further Investigation of the Reducibility 
of Lyophilized Catalase 

Alexander L. Dounce and Robert R. Schwalenberg 

Department of  Biochemistry, School of  Medicine and 
Dentistry, University of Rochester, Rochester, N e w  Y o r k  

It was reported by Dounce and Howland (1)that  crys- 
talline beef liver catalase became completely reducible 
with sodium hydrosulfite af ter  lyophilization, as  shown 
by the change in the visible absorption spectrum, although 
activity of the material per dry weight was reduced only 
to  about one-third of the value obtained before lyophili- 

z:ltion. Keilin (I) subsequently denied tha t  these e r -
perimental results had been interpreted correctly, stating 
tha t  a mixture of denatured and undenatured catalase 
must have been obtained, in which only the undenatured 
catalase was active and only the denatured catalase was 
rrdncible. No experimental work was offered to support 
these statements, 11o.wever. 

Our previous work was handicapped by the lack of a 
modern spectrophotometer. We have recently repeated 
the experiments using the Reckman spectrophotometer, 
and have completely confirmed our previous results, as  
indicated by the accompanying figures. 

VIG. 1. Absorption spectra of lyophilized and nonlyophil- 
izrd catalase. Q ~ 2 6 . 4mg lyophilized catalase, ICat. f. = 
14,000 in 4 ml of ~ / 1 0phosphate buffer, pH 8.0. 0 = 2 6 . 4  
ml nonlyophilized catalase, Rat. f. =25,000 in 4 ml of x/10  
phosphate buffer, pE1 8.0, containing 10% NtlCl. 

Fig. 1 shows the spectrum of a sample of recrystal-
lized ca tdase  which had not been lyophilized, with a Kat. 
f. value1 of 25,000, together with the spectrum of a dif- 
ferent sainple of lyophilized material of Kat .  f. about 
14,000 which had been prepared from a sample of re-
crystallized catalase of Kat.  f .  about 23,000. The loca- 
tion of the three principal absorption bands i s  the same, 
but contrary to previous results (1 )  the spectra do not 
superimpose exactly. This might be partly ascribable to  
a difference in ionic strengths of the solutions, since 
11/10 phosphate buffer of p H  8.0 made up to  contain 
10% NaCI was used as  the solvent for  the material which 

ZThe term Knt. f. is an abbreviation for Katalnse F(ihig- 
kcit. I t  was introduced by von Euler and Josephson ( 4 ) ,  
and means 

IC x dilution 
g enzyme 

Ifere K is the so-called mono~nolecular reaction velocity con- 
stant extrapolated to zero time ( 3 )  ; g enxyrne refers to the 
(lry weight of enzyme per millimeter of the stock solution ; 
and dilution means the number of times the stock solution is 
diluted before carrying out the determination. 
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17IG. 2. Absorption spectrum of lyophilized catalase, ga t .  
f .  =14,000 (same sample as used for A,Fig. I ) ,  after reduc- 
tion with NazSzOi: 26.4 mg in 4 ml of x r / l O  phosphate 
buffer, PI-I 8.0. 

had not been lyophilizcd, whereas M/IO phosphate buf- 
fer  of p H  8.0 without NaCl was nsed as solvent for  
thc lyophilized material. NaCl was omitted where it was 
not needed to dissolve the material, because it inevitably 
caused thc g rad l~a l  formation of a precipitate i n  the 
solution. Moreover, the curves wcrc not adjusted so as  
to coincide a t  ally particular point, as  they were in  the 
earlier work. 

Fig. 2 shows the absorption spectrum of the lyophilized 
ca tdase  sample which had been rcduced with Na,8,0,. 
I n  this case, also, the solvent was ~ / 1 0  phosphate buffer 
of p H  8.0, without NaCI. A two-banded spectrum is 
obtained which is characteristic of fcrroheme compounds. 
It seems ccrtain tha t  the catalase has really been reduced, 
since treatment of lyophilized catalase with sodium boron 
hydride, NaRH,, gradually causes the production of a 
spectrum with bands a t  the same location as  those ob- 
served with hydrosulfitc reduction. Moreover, if carbon 
monoxidc is  passed into a solution of lyophiliicd catalase 
which has been rcduced with hydrosulfite, thc  banils a re  
shifted from 595 my and 560 my to approximately 576 
my and 544 mp. 

I t  can he seen from Fig. 2 that  the amount of residual 
unaltered catalasc left  over af ter  reduction with hydro- 
sulfite must be very low, as judged by the smallness of 
the bulge in the curve a t  about 640 mp. I n  spite of this, 
the Icat. f. of the lyophilizeil material was approximately 
14,000 as  compared with a Kat.  f .  of about 23,000 before 
lyophilization. Thus a major portion a t  least of the 
lyophilized catalase inust be active, and no more than 5Yo, 
o r  a t  most 10% of the lyophilized material can be in the 
form of undenatureil catalase. The only way to  escape 
the conclusion tha t  the lyophilized, reducible cahalase is  

active ~vould be to assume a. grcat enhancement i n  activity 
of the small yortion of catalase tha t  may have escaped 
change during lyophilization. Even if the Kat .  f. of this 
material were doubled, the activity of the lyophilized 
sarnplc conld not bc exl11:~ined in this manner. We feel 
quite safe, therefore, in reiterating onr original concln- 
sion ( I )  tha t  lyophilizc~d beef liver catnlase is  clkangcd 
in sornc way so as  to rentler i t  reducible. As stateil prc- 
viously ( 1) , con~plctcly treat-dcnaturcd catalase belravcs 
in qnitc a different n1;lnner. 

The no st likely explanation of the behavior of lyo-
philized catalase reported here :n~d previously (1)is tha t  
a mild sort of denaturation 11;~s loosened the attach~nent 
of the iron a t o ~ n  to tlrr protrin part  of the nlolccule so 
tha t  thc irou becomes re(llrcib~le but still r e n ~ a i ~ l s  active 
catalytically. A i1et:~ilerl investigation of this phe~~ome-  
?loll woul(1 hc worth while to sorrroone working on thc 
mechanism of c:rt:~lasz :rction or on the plrenomcnon of 
])rotein c'e~~aturation. For  the bcxlcfit of any such in- 
~es t iga to r ,i t  slionld bc notcd tha t  thc fl:lsk in which the 
t.llzyme is bcing lyophilized must bc kept in the air  dnr- 
illg evaporation of the water and not in a cooling bath. 
If a cooling bat11 of ice ; ~ n d  water i s  uscd, thc eozyme 
ran I)e lyophilized ~vitlrout any apparent change in  i t s  
1)c~liavior. 

The Kat.  f. values for  onr recrystallized catalasc sam- 
~ ~ l e sarc so~newhat lowcr than usual but this fact  docs 
not alter the argl~nlents presented. 
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Methods of Preparing Bone and Tooth 
Sanlples for Viewing in the Electron 
L M i ~ r ~ s ~ ~ p e l  

R. A. Robinson and F .  W .  Bishop2 

Division o f  Orthopaedic Surgery and 
Department of Radiation Biology, 
School of  Medicine and Dentistry, 
University of  Rocbester, New York  

Onc of the main charactcrist i~s of bone i s  i t s  re-
sistance to bending, torsion, compression, anil tensile 
htresses. This resistance is offered by a combination of 

'This paper it; based on work performed under contract 
with the 17nited States Atomic Energy Commission a t  the 
1Jniverait.y of llochcster Stornic Energy Project, Rochester. 
New Pork. 

2 Grateful ncknowledgrnent is nrade for teclrnical assist-
ance to Mrs. Bessie L. Jacobson, research associate, The 
17nivcrhity of Kocl~ester Atonric Energy Project, in makirry 
the electron micrographs; and to Miss B. Kindig, of the Re- 
senre11 1~:rboratories of the Ei~stman Kodi~k Company, for 111t-
ultrasonic dirpersion or tlre 5nrious preparations. 


