
in  distilled water. Rinse 3 to 4 times in  0.5 per  cent. 
aqueous solution of hydrochloric acid. Rinse tlior- 
oughly in  water. Leave f o r  1minute i n  n weak solu- 
tion of lithiuni carbonate (3  drops of a saturated 
aqueous solution per 100 cc of water). Rinse thor- 
oughly in  water. 

3. Rinse in  distilled water, then in 50 per  cent., 70 
per cent., 80 per cent. and 95 per  cent. alcohols. 

4. Stain f o r  1 ininute in  the following solution 
{OG 6) :S 

5. Rinse 5 to  1 0  tiines in each of two jars con-
taining 95 per  cent. alcohol, to  remos7e excess stain. 

6. Stain in E b  36 or EB 25 for  2 minutes. 
7. Rinse 5 to  1 0  tiines in each of three jars con-

taining 93 per  cent. alcohol. (Do not use the same 
alcohol ~ ~ * h i c h  Itinse i n  was used after Orange G.) 
absolute alcollol and xylol. Mount in  Clarite, Canada 
Balsam vr Gurn Damar. 

The advantnges offered by this staining method are 
the follo~ving: ( I )  The epitlielial cells and the eryth- 
rocytes a re  more transparent. Ovcrlappinq cells can 
be more easily differentiated. (2) The color of 
the acidopliilic cclls ~ ~ a r i e s  Thisfrom red to orange. 
helps i n  the identiikation of certain sinear types. 
Basophilic cclls stain green or  blue-green. (3) Cells 
or fragments of tissue penetrated by blood take a 
eharactcristic orange or  orange-green color which pcr- 
inits a n  easier recognition of small anrounts of blood, 
eJ7en n-l~en erythrocytes are  not clistinetly seen. (4) 
Smears which were subjected to partial or even com- 
plete drying can be stained fairly satisfactorily. The 
tliffereritial coloring is not entirely lost. 

Stains Etl 36 or ELL 25 can be used for  s h o ~ t  
staining by those who ant to innkc a n  immediate 
examination of a slide. No fixative needs to be used. 
The slides arc dipped directly i n  the staining solution 
or covcrccl by stain containeif in  a dropping bottle, 
The smears are thus fixcd and stained simultaneously 
within a few minutes, although they may be kept in  
the stain for a longer time mitfioat being overstaincd. 
The excess stain is x~~ashed off i n  95 per cent. aIcoElol 
and then the slides are carried through absolnte alco- 
1101 and xylol and ruounled in Clarite. The nuclei are  

time. Thc loss from filtering and evaporation is gradually 
replaced bg the aililitioll of fresli stairr. 

8 Tlie additlon of phosphotungstic acid to the Orange G 
solrrtioa intensifies the orange color. For normal qliaes a 
slight acidification of 0.010 gin per 100 ce (OG 8)  or 
0.035 g ~ n  per 100 cc (OG 6)  is suggested. For cancer 
rljagnosis a lligl~cr acidification of 0.025 gm per 100 cc 
(OG 5) is oftcil preferable, as it gives a sharper contrast 
of the abnormal c ~ l l  tppcs. 
Orangc G Xational 

Aniline and 
0.5 per cent. 

solrition in 
Chemical Co. 95 per cent 

alcohol 100 cc 
Acid phospho- 

tungstic Merck 

stained faintly, but the cells shorn good differential 
staining and retain their transparency. Sir~ears 
stained by this simple method can be restained by a 
repetifion of the procedure described i n  this paper, 
including heniatoxylin. This will improve the nuclear 
staining a s  well as the cellular differentiation and will 
permit the use of the same smears fo r  a ]nore detailed 
cytological study. 

FERRITIN AND APOFERRITIN 


LAUFBERGER'
discovered in 1937 a n  iron-containing 
protein extracted fro111 horse spleen, containing about 
20 per cent. iron. The con~pound mas studied in more 
detail by Kulin, Sorensen and Berkofen.2 Onr own 
investigation was started lsrinlarily with respect to  the 
lnagnctic properties of this compound. I n  this pre- 
lir~rinrtry note, however, we restrict ourselves to the 
statcnient of the result that the iron atom, xi~hieh is in  
the ferric state, fins a dipole nioxnent of 3.3 Rohr mag- 
netons per g-atom of F e  and thus is probably anot l~er  
representative of those rare  ferric co~lipounds with 
three unpaired electrons of which Pauling and 
Coryell" iiiscovcreil one i n  the form of fcrrihemo-
globin Ilydroxiclc (alkaline) ntethemoglobin and we4 
another in the form of catalase. This note is  more 
concerned with another very reinarlrable property of 
fcrriiin found on the occasion of these studies. 

The crystals of ferritin obtained by adding CdSO, 
to its solution are, although rather insoluble in  pure 
water, xct easily solnhle i n  0.5 to  1.0 per cent. am-
nionium snlfate solution from ~vhich they can be re- 
crystallized by addition of CdSO,. The iron i n  the 
ferric state is rather stable but can be gradually 
reducecl to the ferrons state by socliurn hydrosulfite 
(Sa,S,O,, sodit1111 dithionite). TIThen a solution of 
ferrilin is mixed with Na,S,O,, a sufficient amount 
of a, a'-dipyridpl nnd sonic acetate buffer of p N  4.6 
is added to avoid ~l l ral ine reaction, the iron is gmdiz- 
ally renroved from the protein i n  the forill of the 
soluble red ferrous dipyriclyl complex which can be 
separated from the protein by dialysis. According to 
the period of time used Lor this process one can obtain 
protein soltltions ~ ~ h i c hafter addition of CclSO, 
~vithina tl~inute or so yield crystals of the same shape 
as  originally, but Inore or less decolorized, and finally 
even quite colorless solutions and ci.grstals. This iron- 
free protein will be referred to  as apoferrit i~z.  The 
possibility of obtaining crystals of variable iron con- 

1 Laafberger, BIIZZ.Soc. Chim.Biol., 19: 1575, 1937. 
2 Kuhn, Sorenscn and Berkofen, Zer., 73 : 823, 1940. 
3 Pallling and Corycll, P ~ o c .Snf. dcnd.  Bci., 22: 159, 

210, 1936. 
4 hliollaclis and Gmniclr, ,Tour. Gew. Pliysiol., 25: 335, 

1941. 



tent will explain why the iron analyses of ~ ~ a r i o u spreparation can be seen from the fact that  the juice 
preparations may differ somewhat from each other. 
Taking 23 per cent. F e  as the maximum value, one 
may say that 23 per cent. d ry  weight of the crystals 
is iron. On removing Fe+++, one may either imagine 
their replacement by protons, or their removal in  the 
form of a hydroxide such as F e O ( 0 H ) .  bccord-
ingly, either 23 per cent. or 36 per  cent. of the mass 
of the crystal can be removed without essentially 
altering the very characteristic crystal shape. One 
may imagine how large is the volume occupied by 
non-protein interstices within the crystal lattice made 
u p  by the protein part.  These interstices may be 
filled either by water or by ferric hydroxide nithout 
any obvious influence on the crystal lattice. One may 
imagine what amount of "impurities" or non-protein 
constituents can adapt themselves into the interstices 
of a protein crystal, and how critical one should be 
with respect to the homogeneity and "purity" of a 
crystallized protein. This critical aspect, of course, 
is not all novel. So, pepsin may be more or less 
acetylated5 without influence on the shape of the 
crystals. Yet the present case shows this phenomenon 
to a n  extent unappreciated heretofore. 

On the other hand, i t  would be quite absurd to con- 
sider the iron of ferritin simply as  a contamination 
of the protein. Rather may one say that the specific 
structure of apoferritin is adapted to the task of 
fixing iron atoms in the ratio of about one half to 
one F e  to each peptide link, without losing the specific 
structure. I t  is easy to understand that the space 
between the four  W atoms of a porphyrin allows one 
F e  atom to be enclosed without loss of the porphyrin 
structure, but i t  is hard to imagine a structure of a 
protein allowing the building i n  of iron to that enor- 
mous extent as found in ferritin. One can not 
exclude the possibility that a cluster of nlany molecules 
of ferric hydroxide such as  are known to represent a 
micelle of a colloidal ferric hydroxide solution, form 
a center surrounded by apoferritin molecules, remind- 
ing one of the very open structures of the zeolites. 
Such an assumption would dispense with the necessity 
of linking almost each peptide group with an F e  atom. 
Study of the crystal structure may be able to decide 
this point. 

The iron content of ferritin is rather constant, 
i.e., within 2-3 per  cent. Ferritin from a nor-
mal horse was compared with that from a horse 
which had been subjected to many bleedings. Al-
though the yields of ferritin obtainable from the two 
horses differed by 10:  1,the F e  content of the ferritin 
was the same. At present we have no evidence for  
the existence of apoferritin as  such in the spleen. 
That ferritin is  not an artefact due to the method of 

5 Northrup, "Crystalline Enzpes ,  " Colurnbia Univcr- 
sity Press, 1939. 

of spleen mixed with CdSO, without any other treat- 
ment yields crystals of ferritin. 
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T H E  PRODUCTION O F  ANTIBODIES 
I N  VITRO 

UP following the general procedure proposed in 
connection with a theory of serological phen~rnena ,~  
we have succeeded in making antibodies in  the labora- 
tory. 

The procedure consists in  subjecting normal glo- 
bulin or other protein to the action of denaturing 
reagents or conditions in  the presence of a n  antigen. 
The protein molecule unfolds, and then refolds in 
such a may as  to assume a configuration complemen- 
tary to that of the antigen, thus acquiring the proper- 
ties of a specific homologous antibody. 

Bovine Y-globulin was the protein used in most of 
our experiments. Some success was obtained also 
with other serum globulin fractions and with serum 
albumin. As antigens there have been used the tri- 
phenylriiethnne dye methyl blue ( a  mixture of the 
p-trisalfonated and disulfonated triphenylpararos-
anilines), the azo dye 1,3-dihydroxy-2,4,6-tri(p-azo-
phenyl-nrsonic acid) benzene, and pneumococcus poly- 
saccharide type 111. Successful experiments were 
made by addition of alkali (to pI% 11) and slow 
return to neutrality, by addition and slow removal 
of urea, and by heating to about 65' and slowly cool- 
ing;  some success was also obtained by surface de- 
naturation. The most satisfactory of the treatments 
tried was that of holding a solution of protein and 
antigen for  several days a t  about 57'; this tempera- 
ture seems to be high enough to cause the protein 
chains to unfold and to refold under the influence of 
the antigen into specific complementary configura- 
tions. 

I n  one experiment a solution containing 0.01 per 
cent. of the azo dye mentioned above and 1per cent. 
of bovine Y-globulin was held a t  57' fo r  about 1 4  
days, then removed from the bath, and dialyzed 
through Cellophane against 1per cent. salt solution. 
Some precipitate formed during the heating and more 
during the dialysis. The mixture was then dialyzed 
against a 1per cent. solution of the haptene arsanilie 
acid, which Tvas changed several times. Most of the 
precipitate dissolved during this dialpis ;  that which 
remained was discarded. The solution, which was 
free of d ~ e ,  was then dialyzed against 1per cent. salt 
solution to remove the haptene. 

1 L. Pauling, Jour. Am. Chem.  Soc., 62: 2643, 1940. 


