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T E C H N I C A L  P A P E R S  

Isolation of Pituitary Follicle-Stimulating 
Hormone (FSH) 

Choh Ha0 Li, Miriam E. Simpwn, 
and Herbert M. Evana 

Institute of Ex)eri-tal Biology, 
University of Califonria 

A method is  herein repotted .for the isolation of a 
protein from sheep pituitaries which cauaes follicular 
development only in the ovaries of .hmophysectomized 
rats, and which behaves as  a single substance in electro- 
phoresis and ultracentrifugation. 

FIG. 1. Electrophoretic patterns of ascending boundaries 
of two pituitary follicle-stimulating hormone preparations : 
A-in pH 7.0 phosphate bufPer of 0.1 ionic strength, and B- 
in pH 4.0 acetate buffer of the same ionic strength. The 
current with a potential gradient of about 6 volts per em 
had run for 180 min in A and for 240 min in B. The pro- 
tein concentration was 1%. 

Tlie following procedures were performed nt 2' to 
3" C: 

Ammonium sulfate fractionation: One kg of frozen 
sheep pituitaries is finely ground and extracted with 
Ca(OH), .according to the procedure described previ- 
ously (1). After the removal of the precipitate ob- 
tained by adding satu~ated (NH4)&304 to half saturation, 
the supernatant was brought to 0.75 saturation by the 
addition of solid (NH4)J304. This precipitate was dis- 
solved in water and dialyzed. A slight precipitate that 
formed during dialysis was discarded. The clear reddish 
snpernatant solution was adjusted to pH 6.0 and then 
to pH 4.7. The .precipitate formed a t  either pH was 
removed by centrifugation. The supernatant was brought 
to 0.6 saturated (NH4)J304 by the slow addition of an 
equal volume of saturated (NH4),S04 solution a t  pH 
4.i. The precipitate formed was removed and the supcr- 
natant again brought to 0.75 saturated (NH4)B04 by 
further addition of saturated (NH4),S04 solution a t  the 

1 Aided by grants from the American Cancer Society 
(through the National Research Council, Committee or1 
Growth), the U. S. Public Health Service, and the Researcl~ 
Board of the University of California, Berkeley, California. 

same pH. The precipitate Was dissolved and dialyzed. 
The whole procedure was repeated once more, and the 
final dialyzed solution was frozen and dried in vacuum. 
This product is called "crude FSH" and may be kept 
in a desiccator for further use. 

Ethanol fractionation: The "crude FSH " powder was 
next extracted with 0.10 M &HP04 in 40% ethanol. 
After removal of the residue, the ethanol concentratioli 
in the supernatant was increased to 80% by addiug 
slowly cold 95% ethanol (- 5" C). The' ethanol preeipi- 
tate was dissolved in water and dialyzed. 

Further (NH4)804  fractionation: The -dialyzed solu- 
tion was adjusted. to pH 4.7 and centrifuged if precipi- 
tation occurred. A pH 4.7 saturated (NH4),S04 solu- 
- -  ---*- 

Fra. 2. Four schlieren patterns of a saline solution of 
the pituitary follicle-stimulating hormone taken at  1920-sec 
intervals during sedimentation a t  166,000~ gravity in an 
ultracentrifuge. 

tion was next added until the concentration became 0.55 
saturation. The 0.55 saturated (NH4),S0, precipitate, 
found to be devoid of FSH activity, was removed by 
centrifugation. The supernatant was brought to 0.70 
saturation with more pH 4.7 saturated (NII,),SO, solu- 
tion; the precipitate formed was dissolved in water and 
dialyzed. This 0.55-0.70 saturated (NH4),S0, fraction- 
ation was repeated twice. 

The final 0.55-0.70 saturated (NH4),S0, precipitate 
was examined in a Tiselius electrophoresis apparatus 
using the scanning method of Longsworth and in a Spinco 
ultracentrifuge.' As shown in Figs. 1 and 2, the pattern 
obtained by either method was characteristic for a single 
protein. 

All biological assays were carried out in female rats 
hypophysectomized a t  27 days of age. Subcutaneous in- 
jections were begun about 7 days later, and were given 
once daily for 3 days. Autopsy was performed 72 hr 
after the onset of the injections. Histological examina- 
tion of the ovaries showed that a total dose of 0.05 mg 
of the hormone initiated follicular development (increaue 
in follicle size beyond that characteristic of controls and 
beginning antrum development). On the other hand, 
total dose of 2.0 mg of the product administered over a 
4-day period did not show interstitial-cell-stimulating, 

2 We are indebted to M. Moskowitz for the ultrneentrifugal 
data. 
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tliyrotropic, adrenocorticotropic, or growtll-promoting ac- 
tivities, indicating tha t  a t  tliis liigli level the preparation 
was free of other pituitary hormones. 
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Preliminary Report on the Circumpolar 
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l<;:arly attempts on the pa r t  of American lielmintholo- 
gists to establish the idcntity of individuals of the acan- 
thocephalan genus Ncoecliinorhynclius found in fishes of 
the Atlantic coast and specics found in Europe have all 
been repudiated. For many years the writers liave been 
accumulating evidences on the continuous dispersal of 
Neoec?~inorhyuch?ts rutili in fresh water and migratory 
fishes tlirougliout the circumpolar regions of Europe and 
North America. Prcviously unpublished observations, re- 
sulting froln examinations of fishes of the northern states, 
the north Pacific area, Alaslta and the arctic regions, fur -  
nish a cliain of evidence on whicl~ broad geographical 
distribution is  established. 'I'here is  no confirmation of 
the possibility of tliis species' extending i t s  distribution 
t.liro11g11 the Atlantic fauna. 

Tlie most difficult obstacle er~couritered ill the study has 
been the inadequate morpliological description of N. rutili, 
whicli has hecn cominonly regarded as  a distinctively 
European specics. Detailed studies liave demonstrated 
the idcntity of specimens from Smeden, Finland, and 
central Europe, and those taken from Wisconsin, Wasli- 
ington, Alaslta, and various regions in Canada, including 
materials from ~ ~ i t h i n  the A ~ c t i c  Circle of t,lie Canadi:\n 
Northwest Territories. 

This constitutes tlie first authentic demonstratioil of 
the occurrence of the same species of an acai~tl~ocephalan 
in fresh water fishes of both Europe and North America. 
Inhabitants of bracliish water and migratory fishes are 
included in tlie host list f o r  both continents. There is  no 
evidence to indicate tha t  tliis widely dispersed species hns 
developed any tendency toward the establishment of dis- 
tinct varieties or subspecies in the various parts of i ts  
range or in its adaptation to  a highly diversified list of 
definitive hosts. 

A full morpl~ological and taxonomic description of N. 
rutili is possible on the basis of the present study. This, 
together with a full account of the geographical and host 
distribution, will be presented in a full  account of tlie in- 
vestig:~t,ion wliicli is to  be published elsewhere. 

A Photographic Technique for the 
Detection of Presumptive 
Biochemical Mutants 
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A recent article by Wagner ( 2 )  describing the photo- 
graphic recording of Pet r i  plate cultures of microorgan- 
isins suggested the possibility of a similar technique for  
detecting biochemical mutants in colonial microorganisms. 
The layer plate detection technique of Lederberg and 
Tatum ( I ) ,  as customarily used in tliis laboratory, in-
volres the laborious hand-marlting of individual wild type 
coloilies to enable the later detection of mutant organ-
isms. Cells or spores trented to induce mutation are 
plated on a minimal agar medium and the mild type 
colonies allowed to grow up. These colonies are marked 
by spotting a drop of India ink on the glass surface of 
thc plate directly below the colonies. Thereupon a layer 
of agar, containing whatever supplements the investigator 
i s  interested in, is  pourcd over the agar surface contain- 
ing the treated cells. Cells requiring the supplements are 
thus enabled to grow up. 'I'lre procedure is  concluded 
by piclting the unmarlred colonies, which develop after 
the addition of the supplemented media, and testing them 
further to determine their mutant status. I n  crowded 
plates the ?t~dividu:~l spotting of colonies is  very time-
consuming and occasional colonies may be overloolred, or 

the indicator spots rubbed off in handling. 
I n  the pliotograpliic method developed here, the trented 

cells are prepared and plated in  the usual may. When 
the ~vild t j p e  colonies have grown up, the plate i s  plaeed 
upon a piece of big11 speed, high contrast photographic 
printing paper ~v i th  tlie emulsion side of the paper in 
contact mith the underside of tlie plate. Tlle plate is 
momentarily uncovered and exposcd to a strong light, and 
the exposcd paper then developed in the usual manner for 
contact prints. IVith proper exposure a positive print is 
obtained in which the x~hi te  colonies stand out against s 
dead blaclr background, since tlie agar layer wit11 colonies 
acts as  a negative. 'I'he plate from ~vhich the print was 
made is  layered with supplementcd media. After a n  ap- 
propriate interval to allow growth of deficient cells the 
plate is  superimposed on the print. 'I'lie new colonies 
whicli grow up are readily detected by comparison with 
the colonies already visible on the photograp11 of the 
original layer, and tliese putative mutants are piclred and 
tested further. Reference lines and marlrers to permit 
easy orientation of plate and print inay be drawn on the 
lower surface of the plate ~vitli India inli before photo- 
graphing. I n  practice we find Tiodabromide 1"-4and F-5 
to be very satisfactory papers used in conjunction with 
the light from an enlarger. The exposure time under 
tliese conditions is  less than 1 sec, and the entire develop- 

1 Stnnrlnrrl Rr:in(ls. Inc .  fellow in microbiology. 


