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passages through treated mice. This can be contrasted 
with identical generations in which passage of the leu- 
kemia was continued through tlie untreated mice. I n  
these, a s  would have been expected, the sensitivity of the 
disease to therapy continued unchanged (Fig.  1). I n  a 
second experiment using the same original strain of Ak 4 
leulremia, a marlred drop in the survival tirne of tlie 
treated mice occurred after the first passage through 
treated mice. For  tlie next two passages no further in- 
crease in resistance was noted, but af ter  the fourth trans- 
fer  a drug-fast strain developed which showed no signifi- 
cant difference in the survival time of treated and 
untreated mice. Roth groups died approximately 12 days 
af ter  tlie inoculation of the leulre~nia. This subline i s  
now in the ninth transfer generation through treated mice. 
All continue to  be resistant to tlie usual therapy with 
4-amin0-N~~-methyl-PGA. This procedure has been re-
peated with a third subline with similar results. 

No morphologic differences between the cells of the 
sensitive and of the resistant sublines of this leukemia 
have been observed, and sections taken a t  the time of 
death from mice inoculated with the normal or tlie re-
sistant sublines were indistinguishable. Studies are in 
progress in an  attempt to demollstrate biochemical differ- 
ences between these cells. 

It is felt  tliat this demonstration of tlie ability of a 
hitherto sensitive leulremic strain to develop resistance to  
4-amino-N1n-methyl-pteroylglutamic ex-acid may help to  
plain tlie eventual failure of this type of therapy in pa- 
tients with acute leukemia. 
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Hemin Synthesis in Spleen Homogenates 

Kurt I .  Altman and Kurt Salomonl 

Departmeat of  Radiation Biology, 
University of Rochester School of Medicine 
and Dentistry, Rochester, New York 

It has been demonstrated by Altman et al. ( 3 )  tha t  
the alpha carbon atom of glycine is  incorporated in tlie 
hemiii and globin moieties of the hemoglobin molecule 
when glycine labeled with CI4 in the methylene carbon 
atom is fed to rats. Several instances of hemin synthesis 
in vitro are  known. It has thus been shown tliat hemin 
synthesis from methylene carbon-labeled glycine takes 
place in rabbit bone marrow homogenates (3).  It has 

1This paper is based on work perfor~ned under contriict 
with the U. S. Aromic Energy Commission at  the University 
of Rochester Atomic Energy Project, Rochester, New York. 

also heen shown tliat nucleated avian erythrocytes are 
capable of hemin synthesis in vitro when glycine labeled 
with NIVs  added to the incubation mixture (9). Since 
there exists histological evidence of extra-medul1:lry 
hematopoietic activity in tlie spleen ( 6 ,  7 ) ,  i t  was thought 
of interest to test with biochemical methods tlie possibil- 
ity of hemin synthesis from labeled glycine in spleen 
homogenates in the manner previously applied to  bone 
marrow homogenates (3) .  

Rabbit spleens were chosen as  tlic source of the ho- 
mogenates, spleens from several rabbits having been 
pooled fo r  each experiment. A spleen homogenate from 
three rabbit spleens, 8-10 g wet weight in toto, was pre- 
pared as  follows: The spleens were homogenized in the 
microcup of the Waring blender with 25 ml of 0.9% NaCl 
solution. To the resulting liomogenate were added 
0.15 millimoles of glycine (containing concentrations of 
C14H,NH,COOE-IZ indicated in Table 1)) 0.06 millirr~oles 
of sodium acetate, and 1.5 ml of ~ / 2phosphate buffer 
pEI 7.3. The homogenates were then incubated a t  38" C 
for  appropriate periods of time. After addition of 10 
mg crystalline hemiu as  carrier, either hemin or proto-
porphyrin IX dimethyl ester was isolated, hemin accord- 
ing to Nencki and Zaleslri ( 8 ) and protoporphyrin accord- 
ing to Grinstein ( 6 ) .  The protoporphyrin dimethyl ester 
was recryxtdlized three times froin ehlo?oform and once 
from pyridine (mp 223-225"). Hemin was recrystallized 
once as described by Fischer (5). The determination of 
C1' activity was carried out with tlie ionization chamber 
apparatus of Bale and Masters, as  previously described 
(1). The rehults obtained are shown in Table 1. 

C14 activity 

of C1' activity of proto- 
porphyrin IXof glycinc dirnethyll,":; 106 disinte- C./C.Fester

in grations/min/ 104disinte-
millimolc~ 
 nrations/min/ 
millimole 

* 1sol:rtc.d .ts h?miir. 
f' Co/C = ratio of C14 activity of cornpound added (CO) to C" 

activity of carnpoimd isol;lted ( C ) ,  Lc.,the dilation constant. 

One experiment (3-hr incubation) was carried out in a 
large Warburg vessel permitting the collection of evolved 
CO, in 5A7 Na011 ni th  sul)sequelrt isolation a s  RaCO,. 
The C1' ac t~vi ty  of the BaCO, thus obtained was quite 
low (4.8 x 10' disi~~tegrations/min/millimole),indicating 
tha t  only very small amounts of tlie methylene carhon 
atom of glycine were converted to CO, in spleen homoge- 
nates. The C,,-C,, fa t ty  acids isolated in scveral cases 
cor~tained significant C" activities, although the dilution 
of the radioactivity was somewhat higher than tha t  pre- 

,The authors are indebted to Dr. B. M. Tolbert, of the 
Radiation Laboratories, University of California, for milking 
available the labeled glycine used in these experiments. 
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viously reportcd for  bone marrow homogcnatcs (1). Ac-
tive protein and nilcleic acid synthesis also appeared to 
take place in these splcclr hon~ogenates. 

The results reportcd hcrc indicate tlrat herrlin synthesis 
can be carried out by rabbit spleen homogcnates utilizing 
tlie nlctlrylcne carbon atom of glycinc as  a precursor. 
Experiments are now in progress to assess tlre biological 
signif cance of thcse findings. 
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Eecent work (2 ,  4, 5, 7 ,  8 )  has shown that  tleatment 
of plants with 2 , 4 - d i c h l o r o p l ~ e n o x ~ t i c  re-acid (2,4-D) 
sults in a reduction of carbohydrates and an accumulation 
of nitrogen. Since minute quantities of 2,4-D produce 
thcse marlred changes in the chemical composition of the 
plants, it is inclicatcd tha t  the c~lzynle systc!n might be 
involvcd. The purpose of this corri~~~unieation i s  to  report 
the effect of 2,4-D on the alpha and beta an~ylase activity 
rir  the stem and leaf tissue of red lridncy bean plants. 

Seeds of red kidney bean plants were selected for  uni- 
forn~i ty  of size and planted in 4-in. pots in the green-
house. Each pot contained two plants tha t  were treated 
when the first trifoliate leaf was expanding. Four repli- 
cations of 100 plants each were used from which to ob- 
tain material of treated and nontreated plants (controls). 
Application of 2,4-D was made by applying one drop 
(0.05 ml) of a 1000-ppm solution to the base of the blade 
of one of the primary leaves. The plants were harvested 

1 Jourllal Article No. 1066, Michigan Agricultural Experi 
iircmt Stnticbu, East Lansing. 

6 days after treatment, a t  the time the stem tissue had 
proliferated considerably but yet showed no signs of 
necrosis. The plants were air-dried in the dark and then 
separated into the various parts. The hypocotyl, first in- 
ternode, and leaf petioles were grouped together as  stem 
tissue. Enzyme activity was determined separately on 
t l ~ estem and leaf tissue. 

TABLE 1 

MFI<'E(~TO F  2,4-L) O N  ALPIIAANTI 	 I NBETA Anru~asE ACTIVITY 
STEMSAND O F  RTI:D I<IT)NIY BIAN PLANTS* IAIAVES 

Stcmrs Leaves 

Enzyme Repli- - ---

cation norr nor1 
trr.ated trfsnle(l treateti trealecl 

1 	 29 91 4.03 0 0 
2 31.90 4.90 0 0 

I 1 1 1 : s e  :3 32.32 5.02 0 0 
4 33.20 5.23 0 0 

avg 31.83 4.95 0 0 

1 	 38.70 21.15 25.87 27.91 
2 33.40 25.99 26.20 26.90 

Ilrt;~:~inyl;tscf 3 35.60 26.22 27.62 28.34 
4 38.60 22.34 25.62 26.34 

avg 36.58 23.93 26.43 27.37 
--- - . . .. 

* Each figure is the average of two determinations of each 
replication. Results are expressed on a dry weight basis. 

t Expressed as the number of grams of solul~le starch 
which under the influence of an excess of beta atrrylnse are 
(lextrinized by 1 g of tissue in 1 hr :lt 30" C. 

$ IOxpressed as number of grams of soluble st:irch colr-
verted to maltose l ~ y  the beta arrlylase of 1 g of tissue in 
1 h r  a t  30' C.  

Tllc alpha and beta amylase were determined according 

to the method of Kneen and Sandstedt (1,3, 6). The 
data in Table 1 show that 2,4-D lowers considerably the 
activity of both the alpha and beta an~ylase in the sterns 
of bean plants. No activity of alpha amylase was noted 
in leaves of the treated and nontreatcd plants. The re-
sults also show that  treating leaves of the plants with 
2,4-D had no effect on the beta amylase activity. 

Further work is  in progress on the effect of 2,4-D up011 
enzyme activity in various tissues of the plant. 
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