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ou t  only  on sockeye salmon prior  to gel separat ion.  However ,  human  hemoglobin  
unde r  the  same condi t ions  showed the  normal  components .  ~'12xese examples  of ex t reme  
hemoglob in  he te rogene i ty  zepresent  studies carr ied ou t  on m a n y  individuals  and 
pooled  blood samples  f rom the  same stocks of fishes and probab ly  indicate  a pa t t e rn  
presen t  in normal  fishes, 
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Temperature-induced changes in phosphorus metabolism 
in synchronized Tetrahymena 

Cont inu ing  the i r  s tudies  on phosphorus  me tabo l i sm in d iv id ing  cells, t he  au thors  have  
d e m o n s t r a t e d  several  s t r ik ing  changes  in the  ch romatograph ic  pa t t e rns  of the  tr i-  
chloroacet ic  acid-soluble f ract ions  isola ted f rom synchronous ly  d iv id ing  Tetrahymena 
pyr i fo rmis  GL. Follo,Mng isola t ion and  concen t ra t ion  of  the  t r ichloroacet ic  acid- 
soluble fract ions,  paper  ch romatograph ic  separa t ion  of t he  compounds  was ach ieved  
us ing  EBEL'S so lvent  sys tem 1. The  locat ions of the  labeled compounds  were perma-  
nen t ly  recorded on rad ioautographs .  B y  r igidly control l ing the  labeling,  isolat ion and 
ch roma tog raph ic  procedures,  v e r y  reproducible  resul ts  and  a high degree of resolut ion 

were  obta ined .  
Us ing  these  methods ,  t he  au thors  were  able  to  demons t r a t e  t h a t  cer ta in  com- 

pounds  a c c u m u l a t e d  a t  one s tage  or  another .  Qua l i t a t ive  a l te ra t ions  were observed 
be tween  t h e  s tages;  some of t he  compounds  appeared  (at the  exper imenta l  level  of 
identif icat ion)  to  be comple te ly  absent .  In  addi t ion  to  non-d iv id ing  and  synchronous ly  
d iv id ing  cells, no rma l  logar i thmic  and  s ta t ionary-phase  cells were  included as controls  

and  for compar ison .  
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The growth conditions of the synchrony-inducing heat treatment have been 
described at length in a previous paper s. In the present series of experiments, the 
samples were removed from the culture at the five growth stages mentioned in the 
legend to Fig. I. The size of the samples varied from 470 ml to 8o ml as the concen- 
tration of the cellular material increased. The cells were collected by centrifugation, 
washed in o. 4 °o NaC1 and extracted 3 times for I h each time with 15 % trichloro- 
acetic acid in an ice batb. Glycogen was removed by addition of an equal volume of 
95 o/,,o ethanol. After removal of trichloroacetic acid by ether, the extract was concen- 
trated by lyopbilizatiou to a volume of about o. 5 ml. 

After the determination of total phosphorus using the method of FISKE AND 
SUBBAROW 3, the remaining extract was chromatographed according to the two- 
dimensional procedure established by EBEL 1. Following chromatography, radio- 
autographs were made to determine the positions of the labeled phosphorus com- 
pounds. Repeated experimentation showed the lesults of this procedure to be highly 
consistent. 

The dis*ribution of the labeled compounds isolated in the trichloroacetic acid- 
soluble fraction is shown in Fig. I. The number of definable spots varied from stage 
to stage, and only the easily seen spots are numbered on the chromatogram. Using 
larger amounts of extract, more spots could be obtained, but resolution was poor. 
The most significant changes occurred in the compounds numbered 17, 18 and x9. 
These compounds, which were barely dlscermble during untreated exponentml mifltl- 
plication, increased during synchronization treatment until the dense amounts seen 
in stage 2 (end of the heat treatment) had accumulated. After the heat treatment,  
when the cells are going through the cytological recovery phase and preparing for 
division, the amounts of these compounds gradually diminished. Relatively large 
amounts still remain,~.d 20 min prior to the first synchronous division (stage 3), but 
I h after the first synchronous division, these compounds had decreased appreciably 
(stage 3')- In the stationary phase, collected at least I8 h later, the level of these 
compounds was also greatly reduced. This pattern suggests that  the accumulant is 
a normal pathway product rather than one toxic to division, since division occurs 
in the presence of relatively large amounts. The relation to nucleoside triphosphate 
production noted previously*, 5 is of interest. 

Unlike the gross alterations appearing in cc, mpounds i7, I8 and 19, other, and 
somewhat less marked, variations can be seen in the region of compounds 2o through 
24. With the possible exception of spots 21 and 24, there is no apparent relationship 
between the behavior of one spot and that  of another. Similarly, changes which seem 
closely related to cessation of division in the stationary phase do not occur or are 
reversed in cells which cannot enter division due to the heat treatment. 

In a preliminary work such as this, there can be little valid correlation made 
between the changes observed on a paper chromatogram and those occurring within 
the cells or its particulate components. However, the accumulation of compounds 
I7, x8 and 19 suggests that  an alteration in the metabolism of low-molecular-weight 
phosphorus compounds is produced by the synchronizing treatment. Whether or not 
this accumulation is the source of the cells' inability to divide while undergoing the 
heat treatment is another question. I t  should be remembered in this connection that  
syn_thetic pathways, which also require energy, are not blocked (the cells undergo 
an impressive increase in size during this period). 
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Fig. r. Radioautographs of two-dimensional paper chromatograms of an acid-soluble fraction of 
Tetrahymena.  Materials used : Fil ter  paper from Schleicher and Schfill, 589 orange ribbon ; Kodak 
no screen X-ray film; Io/Lg phosphorus was applied to each paper.  Solvents: first dimension, 
i sop ropano l - i sobu t ano l -NH~OH-wa te r  (4o:2o: 1:39, v/v) ; second dimension, ;sopropanol-  
trichloroacetie a c i d - N H 4 O H - w a t e r  (75 : 5 g:o.3 : 25). Time of development  a t  24°: first d..nension, 
4 ° h;  second dimension, 2o h. The chromatograms were exposed to film for 2 weeks. The numbers 
in the  upper corner refer to the following growth stages: (i) exponential  multiplication at  29°; 
(z) immediately following the seventh and last heat  shock at  34°; (3) 2o rain prior to the first 
synchronous division (i.e. z h after stage 2); (3') x4o min after the  end of the  heat  t rea tment  
(interphase between the  first two synchronous divisions) ; and (4) during the maximum stat ionary 

phase. 

T h e s e  e x p e r i m e n t s  a r e  b e i n g  c o n t i n u e d  in  t h e  f o r m  o f  a n  a n a l y s i s  o f  t h e  c l a s s i ca l  
p a t h w a y s  o f  A T P  p r o d u c t i o n  w i t h  c o n c u r r e n t  a t t e m p t s  t o  re f ine  a n d  i d e n t i f y  t h e  
c o m p o u n d s  w h i c h  h a v e  b e e n  i s o l a t e d ,  p a r t i c u l a r l y  t h o s e  w h i c h  a c c u m u l a t e .  
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Fractional solubilization of haemoproteins and partial purification of 
carbon monoxide-binding cytochrome from liver microsomes 

Recent work in this laboratory1, z has demonstrated that the CO-binding pigment 
discovered in liver microsomesS, 4 is in fact a new cytochrome of the b type. This 
cytochrome shows anomalous spectra in the microsomal bound form, but behaves 
as a typical haemoprotein when converted to a solubilized form. The microsomal 
bound and solubilized forms of the pigment have been tentatively called P-45o and 
P-42o, respectively, to distinguish them from each other. This pigment has, however, 
not yet been separated from cytochrome b 5, another microsomal haemoprotein, and 
its properties have so far been studied only by means of difference spectrophotometry. 
This paper reports successful separation of the two microsomal haemoproteins by 
fractional solubilization and briefly describes partial purification of P-4zo. The micro- 
somes used were prepared from rabbit liver by a modification 2 of the method of 
MITOMA et al. 5. 

As already reported 1, ~, anaerobic treatments of microsomes with heated or une 
heated venom of the snake, Trimemsurus flavoviridis ~, or with deoxycholate led to 
almost quantitative solubilization of both cytochrome b5 and the CO-binding cyto- 
chrome, the latter being fully converted to the form of P-42o. As can be seen from 
Table I, however, digestion of microsomes with crude pancreatic lipase ("steapsin") 
under suitable conditions resulted in the quantitative solubilization of only cyto- 
chrome b~. Most of the CO-binding cytochrome thereby remained attached to the 
undigested particles and could be sedimented by centtifugation at io5ooo × g for 
6o rain. The sediment, free from cytochrome b 5, represented about half of the micro- 
somal protein and will be referred to as CO-binding particles. In these particles the 
CO-b"nding pigment existed both i n the  forms of P-45o and P-42o as evidenced by 
the appearance of two absorption maxima at 45z m/~ and 4zz m/~ on addition of CO 
to dithionite-reduced particles, corresponding tO the formation of CO compounds of 
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