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tions from normal serum was enhanced by 
1)rior treatment of serum donor with pituitary 
growth hormone; adrenocorticmt rophic hor- 
mone or thyrotrophic hormone. had n o  such 
effect. 2 .  Inhibitory fractions had gross 1)roi)- 
erties of P-lipoproteins and could be prepared 
free of lipides having electrophoretic mobility 
of albumin or a-globulins. Average ratio of 
total lipide to protein was .25 for fractions 
from diabetic rat serum and . l l  for fractions 
from normal rat serum: phosphatide,/total 
lipide ratio was lower in such fractions than 
in parent sera. Relation of inhibitory activity 
to lipide content requires further clarification ~ 

as inhibitory activity may be lost by delay 
during preparation of fractions without signifi- 
cant change of lipide content or electrophoretic 
behavior of fractions. 3. Inhibitory fractions 
interfered with stimulatory action of insulin 
on diaphragm muscle. The fraction from 1 
ml of diabetic or normal rat serum nullified the 
stimulatory effect of a t  least .0004-.001 unit 
of insulin. 

-__. 

1. Bornstein, J., J .  Biol. Chent., 1953, ~ 2 0 5 ,  513. 
2. Krahl, BI .  E., Bornstein, J., I’Vature, 1954, ~1’13. 

3. I l k ,  V. S., Titova, G. V., Voprosy, Meditsinskni 
949. 

Khimii, 1956, v2, 203, and 233. 

4. Bornstein, J., Riochim. et 

5. Hendley, E, I)., Rregman, 
vzo, 522. 

I3iol. C ’ h p i i i . ,  Is57, ~ 2 2 6 ,  450. 

Biophys. Acta, 1956, 

K., Krahl,  M .  E., J .  

G. Krahl ,  M .  I < . ,  P m p i - c t i w ~  in B d .  w i d  Ned. ,  

7 .  Brown, D. H., Park, C. K., Daughaday, W. H., 

8. Somogyi, M., ibid., 1952, v195, 19. 
9. Kunkel, H. G., Ahrens, E. H., Jr., Eisenmenger, 

11’. J., Gastroenterology, 1948, vFi, 499. 
10. Bornstein, J., Park, C. R., J .  Biol. Chem., 

1953, ~ 2 0 5 ,  503. 
11. Lowry, 0. H., Rosebrough, N. J., Farr, A. L., 

Randall, R. J., ibid., 1951, v193, 265. 
12. Zak, B., Dickenman, R. C., White, E. G., Bur- 

nett, H., Cherney, €’. J., Am. J .  Clin. Path., 1954, 
~ 2 4 ,  1307. 

13. Fister, H. J., Manual of standardized procedures 
jog spectrophotoinetric chemistry, N. U., 1950, Sec. 
p-37-1. 

14. Oncley, J .  L., Gurd, F. R. N., Melin, M., J .  
Am. Chem. Soc., 1950, v72, 458. 

15. Cohn, E. J., Gurd, F. R. N., Surgenor, D. M., 
Barnes, B. A., Brown, R. K., Derouaux, G., Gilles- 
pie, J. &I., Kahnt, F. W., Lever, W. F., Liu, C. H., 
Mittelman, D., Mouton, R. F., Schmid, K., Uroma, 
F . J .  Am.  Chem. Soc., 1950, v72, 465. 

16. Krahl, M. E., Anti-Znsulin Factors, in Hor- 
mones in Human Plasma, Ed. by H. N. Antoniades, 
Bciston, Little Brown snd Co. 
Received December 15, 1958. P.S.E.B.M., 1959, v101. 

10.57, v l ,  60. 

Cornblath, M., J .  Biol. Chem., 1952, ~ 1 9 7 ,  167. 

~~ 

Net Synthesis of Heme from Protoporphyrin and Iron by Extracts of 
Duck Erythrocytes.* (24814) 

J. RAYMOND KLEIN 
Biology Dept., Brookhavefi 

Hemin obtained from incubated mixtures 
containing labeled ionic iron, protoporphyrin, 
and preparations of avian erythrocytes was 
found to contain appreciable labeled iron; 
when the porphyrin or cell preparation was 
omitted from mixtures, or mixtures were not 
incubated, little labeled iron was recovered as 
hemin( 1-4). From these findings and others, 
in particular the heat-lability of the cell prepa- 
rations, it  was inferred that in avian erythro- 
cytes protoporphyrin and ionic iron are the 

*Supported by the U. S. Atomic Energy Comm 

Xational Lab., lipton, iV. Y.  

immediate precursors of protoheme and that 
some component (s) of the erythrocytes, par- 
ticipates in heme formation. The  inferences 
are reasonable; however, the evidence, a t  least 
for formation of heme from the presumed pre- 
cursors, would be supplemented by establish- 
ing net synthesis of heme from protoporphyrin 
and iron in the presence of red-cell prepara- 
tions. In particular, net synthesis would rule 
out the possibility that the recovery of labeled 
iron as hemin indicated above arose from arti- 
fact. The present report provides evidence 
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for net synthesis of heme from iron and proto- 
porphyrin in the presence of soluble material 
from duck erythrocytes. 

Methods. Extracts of red cells were made 
as follows(2): a t  1-4" cells were mixed with 
2 volumes of water and let stand 30 minutes. 
One part of 1.72 M potassium chloride was 
added per 100 parts of added water. The mix- 
ture was centrifuged a t  about 3 x lo4 x g for 
30 minutes. The sediment was washed twice 
in the centrifuge with 0.156 M potassium 
chloride and suspended in an equal volume of 
the dilute chloride. Tween 20, 0.4 m1/100 
ml of suspension, was added. The mixture 
was let stand overnight and then centrifuged 
at  3 x lo4 x g. The supernate was used in 
the tests for heme synthesis. Test for synthe- 
sis was carried out as follows: In the cold suf- 
ficient solid potassium bicarbonate was added 
to the extract to make concentration 0.1 M .  
The mixture was gassed with 5% CO, in nitro- 
gen for 5 minutes. 'In each of a number of 
2 5  ml beakers was placed 28 micromoles of 
cysteine hydrochloride plus equivalent hi- 
carbonate, 1 ml of solution containing about 
2 50 millimicromoles of protoporphyrin ( 5) , 
and 1 ml of solution containing a rouqhly 
equivalent amount of iron. Both solutions 
were prepared just before use. The iron, as 
ferrous ammonium sulfate alone or, when ra- 
dioactive iron (Fe") was used, as a mixture 
of the sulfate and ferric chloride, was dissolved 
in lo-* M hydrochloric acid plus 0.13 M po- 
tassium chloride. The porphyrin was dis- 
solved in 0.01 5 M ammonium hydroxide plus 
0.1 M bicarbonate. Shortly after addition of 
the other materials, a 12 ml portion of the 
gassed extract was added to each beaker. The 
test mixtures were then gassed with the car- 
bon dioxide in a Dubnoff bath with shaking 
at  5" or less for 10 minutes. One half of each 
mixture was removed and treated for a given 
assay. The remainder under the gas was in- 
cubated at  37" for 30 minutes, then treated 
for the assay. The pH of the test mixture 
at  room temperature initially and at  the end 
of incubation was about 8.0, the optimum for 
heme formation(2). lnorganic iron in the 
samples of mixture was estimated by treating 
protein-free filtrates (6) with reductant and 

o-phenanthroline ( 7 ) .  Porphyrin and heme 
were extracted from other samples with acid 
ethyl acetate (8) .  The porphyrin was removed 
from the acetate with 3 N hydrochloric acid 
and assayed in an Evelyn colorimeter(9) 
standardized spectrophotometrically ( 10). Aft- 
er porphyrin was removed, the acetate, which 
contained the heme, was treated in one of 
the following ways: (a) It was extracted with 
10 ml portions of 1 N ammonium hydroxide 
until heme appeared in the alkali. The por- 
tion of alkali containing heme and 2 further 
portions were combined. (b) I t  was mixed 
with a little water, heated to remove the ethyl 
acetate, and neutralized with alkali. The 
heme in the solutions obtained by (a) and (a) 
was converted to reduced cyanide hemochro- 
mogen and assayed in an Evelyn colorimeter 
standardized spectrophotometrically ( 1 1 ) . (c) 
The solution of heme in the acetate was di- 
gested with sulfuric acid and peroxide and as- 
sayed for iron( 7).  (d) When radioactive iron 
was used, radioactivity of the ethyl acetate 
mixture or of the ammoniacal extract ( c f .  (a) 
above) was determined. Heme formation was 
estimated from this activity and initial levels 
of inorganic and active iron. Heme formation 
was also estimated from these levels and the 
activity recovered as hemin(2). 

Representative results are given in Table I. 
As indicated by Exp. 1-9, the decrease in in- 
organic iron and in porphyrin during incuba- 
tion of complete test mixtures were in fair 
agreement with each other and the increase 
in heme. In the absence of added porphyrin 
(cf. Experiment 7b), there was essentially no 
change in level of iron or heme during incuba- 
tion or indication of porphyrin formation. 
Without added iron a little porphyrin dis- 
appeared ( c f .  Experiment 7c). This may 
represent heme formation since the test 
mixtures contained a little inorganic iron 
initially, some of which disappeared during 
incubation. As indicated earlier by use of 
labeled iron ( 1-4), no appreciable heme forma- 
tion occurred in the cold, (c f .  Experiments 4 
and S ) ,  with preparations heated to 100" ( c f .  
Experiment 81, or in absence of the cell 
preparation (c f .  Experiment 10). 

The relatively direct estimates of heme 
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TABLE I. Synthesis of Heme froin Protoporphyrin arid Inorganic Iron in Presence of Extracts 
of Duck Erythrocytes. Experimental cletails given in text. I n  each experiment a diff erelit 
sample of blood was used for  preparation of the extract. I n  Exp. 1, 5 and 8 the iron used con- 
tained FejO giving about 2.5 X lo4  counts/min. An increase in amount of material designated 

Chang" in nnit of 
Amt of conipo- eompoiien t/7 nil 
nent present in of tcst nii\tnrc 

Conipoiieiit 7 1111 tcst niis- clniing ;<O-niiii. 
of test niis- ture initially i n c i i 1 ) : i  tion Estimates of hrmc used; exp. con- 

ESP. tllrc :1ssilyed [-- nipmoles - ------, ditions other than indicated above 

1 

5 

6 

- t n  

h 

c 

8 

9 

70 

Porphyrin 
I ron  
TIelllc 

P o  rpli yrin 
Iron 
II (1111P 

Porphyrin 
Il.011 
Heme 
Porpli yrii L 
I ron  
Heme 

7 7  

Porpli yriii 
Ir011 
Henic 

Pory1iyi.j ii 
Xroii 
Heme 

Porph y rin 
I ron  
Heme 
Porphyrin 
Iron 
JIen7 e 
Porphyrin 
1 ~ 0 1 1  

Heme 
Porphj-rin 
Troii 
Heme 
Porpliyrin 
I ron  
Heiuc 
Porpliyiaiii 
Troll 
M C111C' 

235 
250 

,045 
265 

1800 
21'4 
260 

1340 
240 
262 

1280 

242 ( 246)  
248 ( 25.') 

1350 (1370) 

" 2  1 
215 

1770 
1 

2'45 
1780 

224 
10 

1'770 
242 
2.i8 

239 
250 
102 
235 ( 2 3 7 )  
2.70 (1155) 

0 

-49 ( - 5 1  

+50 (+.50) 
- 45 ( - 4ci 1 

- 81 
- '72 
+ 70 

Hcme estimated from FeSg in ammoni- 
acal  extr. and in hemin. 

1Icme from ethyl acetate estimated as  
11 enioehromogen. 

H (wie f r'om anirrioniacal extr. estimated 
as lieivi ochromogen. 

Ilenie estimated as iron in ethyl ace- 
tate.. Results in parentheses obtained 
with test mixtures kept a t  2" fo r  30 
min. 

Hleriie estimated f rom Fej9 in ethyl ace- 
tate. Results in parentheses obtained 
with test mixtures kept a t  2"  for 30 
niin. 

Rrmr estim:Lted froin iron iii ethyl ace- 
tate. Results in parentheses obtained 
hvitli test mixtures that included prep- 
aration of globin( 15). 

Heme estimated f rom iron in ethyl ace- 
tat(.. 111 b porphyriii omitted. In c iron 
oniitted. 

Hcriic t.stiinated froin Peso in hemin. 
Resiilts in parentheses obtainecl with 
extr. 1ie:tted t o  100" for  7 min. 

IIeiiie estimated as iron in ctliyl x c -  
tate. Cell preparation prepared by use 
of nmmoniuni sulfate. 

11ciiie estimated as iron in ctliyl xcc- 
t;itc. Erythrocyte preparation oriiittcil 
f1.0111 test iiiistures ; coniparablc salt 
iiiisture + detergent was substituted. 
Results in parentliescs obtained with 
inistiires containing globin. 

formation used in Experiments 2-4, 6, and 7 scribed above was mixed with 0.1 volume of 
were of limited accuracy since the heme 0.5 f i f  potassium phosphate and 0.5 volume of 
formed in these and similar tests did not ex- saturated ammonium sulfate, each at  pH 7.2. 
ceed 8 % of that present initially. Increase in T h e  resulting precipitate was collected by 
the ratio of heme formed to initial heme was centrifugation, dissolved in a volume of .1 M 
obtained with cellular material prepared as potassium bicarbonate plus .156 M chloride 
follows: In  the cold, extract obtained as de- equal to one-fourth that of the extract, and 
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tested as described above. The final solutions 
prepared by the sulfate treatment, were 
usually about as active as the extracts from 
which they were prepared ; thus, about om- 
fourth of the activity was recovered. As in& 
cated by Exp. 9,  the ratio of heme formed to 
initial heme was increased by the sulfate treat- 
ment. Similar results were obtained using 
other estimates of heme. Although the con- 
centration of hemoglobin, indicated by the 
heme content, in the solutions obtained by the 
sulfate treatment was less than in the extracts, 
the activity per unit of protein, as indicated 
earlier for the simpler cell preparation ( 2  ) , was 
not sufficient to allow unequivocal assignment 
of the activity to a catalyst. 

Discussion. The present results establish 
net synthesis of heme from protoporphyrin 
and ionic iron in the presence of material from 
duck erythrocytes and indicate, as reported 
earlier(l-4), that the material from the 
erythrocytes is necessary for the synthesis. 
However, it appears that under certain condi- 
tions(12-14), notably in the presence of a 
detergent and globin( 14), heme is formed a t  
neutral pH and moderate temperature without 
addition of cellular material. Under present 
experimental conditions globin had no effect 
on heme synthesis in the presence of red-cell 
extracts (cf. Experiment 6 )  and alone (cf. 
Experiment 10) did not promote synthesis. 
Nevertheless, it is possible that the material 
from the avian erythrocytes in some relatively 

non-specific way simply creates a suitable en- 
vironment for heme synthesis. 

Suwzmy~(7~y. Soluble preparations of duck 
erythrocytes were found to effect net synthe- 
sis of heme from protoporphyrin and iron. 
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Repopulation of Hernatopoietic Tissues of X-Irradiated Mice by Cells 
From Leukemoid Blood. (24815) 

RUTH M. MERWIN (Introduced by Willie W. Smith) 
Nut.  Cancer Znst., N.Z.H., P.H.S., U .  S.  Dept .  H .  E .  W. ,  Md., 

Congdon e t  al. ( 1 ) reported that injection 
of blood showing extreme granulocytosis in- 
duced by a tumor prolonged survival of mice 
that had been given a lethal dose of total-body 
x-irradiation. Congdon e t  a,?. suggested that 
the leukemoid blood might protect against 
early death by some mechanism other than re- 
population. The leultemoid blood might pro- 

vide a humoral factor which would stimulate 
recovery of irradiated hematopoietic tissues or 
large number of leukocytes might help com- 
bat infection. Later Smith and Congdon ( 2 )  
found evidence indicating that injected blood 
cells probably repopulated a t  least some he- 
matopoietic tisues. More conclusive evidence 
that repopulation takes place is reported here. 


