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ZONE ELECTROPH&ESIS bF, CRUDE PITUITARY. EXTRACT 

J. ‘-4. TUYNMAN *, , H. G. I<Wk AND 1-I. BLOEtiEtiDAL 

While studying the nature of pituitary components involved in tumorigenesis in 
different species 1, the need arose to obtain these substances free from each .other,’ and 
$1) -___l’l_l_ I- ~~ -I-I_ 
11; POSSlDlC3, 1;o preserve their native state. 

The chemical fractionation procedures used so far, often resulted in. the isolation 
of biologically highly active proteins. The native state of these hormones, however, 
remains doubtful. It has been demonstrated”, 3 .’ for instance that even salt precipitation 
may change the isoelectric point of ICSH** and ACTH fractions; barium, calcium and 
lithium chlorides” and IO< ionsg’ alter the ,. biological activity of gonadotrophins; 
changes ,in PH. and temperature influence, both ,the biological and physicochemical 
‘1_ _,--_-~_..-- ,_ ~. _-___R_'ln 

benaviour pf Various normones:-*“. n..l ____ii_~_ 7-_ rrecaurions nave to ‘be,, taken, lest. proteply,tic, 
enzymes, present in .aqueous pituitary ‘extracts,. destroy hormonal activity.11;“. ‘One, 
of the most gentle techniques for the isolation of, proteins is zone ,electr,ophoresi,s on 
a stabilizing medium, provided that (a) the supporting medium doe.s not irrevers- 
ibly ‘adsorb the protein, (b) the temperature is lcept.constant at ca. o”, (c) low’ionic 
strength buffers and “inoffensive” ions’ are used, (d) a physiological pH value, is. 
chosen’“. Starch block electrophoresis was found to’ b,e the :bsst approach, to the ful- 
filment of these conditions, and was therefore applied as the sole purification.step in 
the studies described. :. ,. 

METHODS 
.’ 

k$aration of extract ., 

Rats. (strain R, Amsterdam, inbred Av&),,w,ere killed, by decapitation after ,slight 
ether anaesthesia. The pituitaries were removed immediately, the anterior lobe dis- 
sected and transferred to ice-cold 0.005 M’phosphate buffer of pH 7.4 (180 mg wet _... 
tissue/6 ml solution). Homogenization was carried out in an all glass homogenizer 
with a loose fitting pestle, while cooled inan ice bath. The,homogenate was the,ncentrk 
fuged at. zo,ooo :x1 g (6q min at, o”) in a PHYWE (Eispirouette) centrifuge. ;The sup.er- 
natant was carefully pipetted, and used for the electrophoretic experiments. ,,: 

1, : I 
* Pre&it aidkss : N&rokgicai ‘%&i&k, St&c ~ni&xS&,’ Ley&n iThk N&herl&xds) . 

‘; *,* Abbreviations : STH = komatotrophic hormone (somatotrofihin, growth hormone) ; TSH’ = : 
thyroid stimulatjng. hormone 
(lutkitiizicg ‘hormone) ; FS+I 

(thyrotrophin) ; ICSH =, ,interstitial ccl1 +mulatin.g, ho-one 
= follicle’ stimulating hormoix; LTM- = lulxktrbpliic h&m&, 

prtilactin;,mammotrophin ; ‘ACTH =’ adrenocorticotrophic ,hormone: : : : : : : 



EZectroplzoresis 

Vertical starch block electrophoresis at 6 V/cm, 6-8 mA, in phosphate buffer 0.025 ,u, 

pH 7,.4,for 16 to 22 hours was performed as described earlier13. The temperature of 
the block was kept between o” and 3 O, controlled at intervals during each experiment 
by measuring the electrical resistance of a thermistor inserted into the starch. The 
temperature of the room was -S”, hence the outer compartments of the eiectrode 
vessels had to be heated by an electrical element enclosed in glass, in order to maintain 
a constant temperature of IO of the electrode buffer. After the electrophoretic run the 
block was sliced into I cm segments, using an improved cutting devicel*. Each seg- 
ment was eluted with G ml ice-cold distilled water, the starch removed by brief centri- 
fug&ion at o”; tile pH of the eluates remained between 7.1 and 7.7. The clear super- 
natant was used for estimation of protein content and for the bio-assays. 

Protein estimation 

Protein was determined by the modified Folin procedure according to LOWRY et aL.lS. 

The results were converted with the aid of a casein standard. 
, 

&o-assays ‘) ‘: 

Alltests .were performed in hypophysectomized immature male rats of the same 
_L--_ !_I ,,m, A ~~ II’~ .*_, ._. strain {1x, rimsreiaam, inbred Avij as the pituitary donors. Hypophysectomy was 
carried out, by ‘a method described by THOMAS lo for mice, adapted for infantile rats’, 
which gives ‘a’ higher score of reliability 17 than the usual method of SMITH-FREUD. 

0.2 ml alicjuots of ‘eluate from each segment to be assayed were ‘inj’ected, into 
groups. of 4 ‘test animals at 24 ,hour ‘intervals during 5’ days; In a’ddition each test 
animal received 5 ,&C’ 1311 (Na1311, ‘carrier-free, in sterile isotonic saline) concurrently; 
with the last injection, 24 hours prior to killing. 

For estimation of STH activity the tibia test16 was used. 
*TSM recovery. was determined by measuring the uptake of radioactive iodine by, 

the thyroid glandlo. 
The ventral prostate test20 served as a measure for ICSH activity. 
Increase in testicle weightzi, not accounted for by STH or ICSH, was considered 

to reflect FSH activity. 
.“’ The degree of involution of the thymus gland”2 was used as indication for ACTH: 

activity. : 

‘, ‘, 
RESULTS 

.’ -, I, 

In a series’of 20 experiments the protein pattern as well as the distribution of hor- 
mone’activity. obtained after each electrophoretic run were reproducible. In the’ first 
experiments, all,forty segments of the block were tested, for their hormone activ:ity,: 
using o,nly 2, to .3 -test ,animals per segment. These experiments showed that all hor- 
mone,acti&ties, were located in two regions of the’starch ‘block Therefore in&e sub- 
s&+++;ekpe~iments only, fractions -ho to -4 and fractions -+2 to”+8 were feste&. ,” 5,. 
fo’r hormone activities. Fig. I shows such a typical distributionpattern. Obviously : 

J. Chuonrrcto~., 7 (rgGz) 39-44 ’ ::: 
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masimal hormone activity elutkd from the various segments. does not coincide with 
the protein, peaks, escept for STH. This ,latter, hormone could be .entirely ,freed,from 
all other hormones. ,A total dose of 50 ,DQ in 5. days of this preparations caused a 
width of 235 ,U of the tibia cartilage plate. Complete separation of.TSH,: ICSH, FSH 

stti TSHI’FSH ACTH 

I.>........ ..II......II . . . . . . . . ..I..... 
.I0 -5 l 5 40 l lS l za $6 

number of stdrch scgmeni 

Fig. I. Upper half : Protein dist+bution pattern after vertical $a.rch block electrophorc$s, G v/cm, 
I6 l-i in phosph+e buffer 0.023 CL aizd’pii 7’.4. Segments 3’ and 4 Sitain a iiae~ogiobi’ti ‘b’aiid. 
The arrow indicates the starting .point. ,Lower half : Hormone activity, curve, correspo,g(ling with 
the separated protein [upper half). The highest activity for each of the five hormones assayed i,b. the 
respective segments was arbitrarily indicated as 100 o/o* .4bsolute recovery vzilues ‘arc given in 

‘_ Table I. ! .’ .‘.’ 

.,’ _’ ’ (.. 

and ACTH could not be achieved by the single purification step applied. However, the 
,fractions containing the highest, activity of the four partially overlapping hormones 
showed a remarkable enrichment (cf. Table I) ; e.g. 40 o/o of the totalTSH activity of the 
crude extract was recovered in fraction 3, .which contained only 0.1 oh FSl!I ‘and 
7.1 y. ICSH. Neither STH nor ACTH activity could be detected in this fraction. 

The recovery ,_values were obt.a.ined for each segment ,by extrapolating the results 
of the bio-assay ‘with the results, obtained after, injecting two ,,dilutions of’ t,ho crude 
extract (used, in these particular experiments) ,into two groups’ of 4, test animals. ,’ 
,For this purpose an amount of crude extract equal to that used for the electrophoretic 
eltperiment was, mked with starch and kept at o” to 3 O for the duration of the experi- I, ‘, 

TABLE I 
.; 

‘/, 
PERCENT RECOVERY IN THE FRACTIONS OF’ MAXIMAL ‘ACTIVITY 

FOR. THE FIVE HORMONES ASSAYED, I. 

ffonttorrc Scgm2it irutntter 
activity 
ussayed -_6 “+s” ‘+s ,+rr -l-r5 

I STH ,’ 42 

TSI-I 0 48 
0 0 

,. IiJ 6.1 
O 
0 

,’ .: 
..; .’ . ,ICSI_I: ” ,b 7*= 37 x2.2 0 

.,‘.’ /, . . . * .l?SW ; .’ 0 . . 0.x 

0 0 

11.4 ‘. 30 rp ., 
0 

,/,‘. ,:; .,: AC’I’EJ 0.7 . :, _‘.. ,. ,. .’ 36,’ ,: ,.;- 
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lilent. ,It was’ then eluted with 6 ml of distilled water and centrifuged in the same way 
3s for the segments. .The supernatant of the crude extract, diluted with distilled 
witer. I: I and I : g; was -used for the injection into the two groups. of test animals. 
The “peak fractions” (segments -8, +5, +II, +15) injected in,two dilutions (un- 

TABLE II’ 

TOTAL RECOVERY OF HORMONE ACTIVITY 

These values were obtained by adding up the recovery 
percentages for each hormone in all fractions. 

~zormonc Recovery 
% 

STI-I 92. 
TSI-I 97 
ICSW I20 
FSN 115 

ACTH* - 

* The thymus-involution test is not suitable for crude extracts (crude cstracts contain STH, 
which antagonizes ACTH in this test). 

ililr~fd Inil i * ,I\ chnu6-l ~~arflxr fhe came E~&=G ZIE fhnce nhtnind with’ 1-19~ rrllilo urru..vu.Lcsru a.. T, YIIV I.“_ “‘““.‘J ..*a- “UIILY ““~_b8 U” ..a.vuv VY.....IIIYU ..4CIL -4-w “I UYY 

extract,. This ,demonstrates that no alteration in biological behaviour was caused by 
ihe elektr&phq&ic ‘run., 

Furthermore it was shown that mixing of the crude extract with starch did nki 
result in detectable loss of hormonal activity. 

The total recoveries for each hormone assayed are given in Table II. These values 
are-the result :of adding up the recovery percentages of each hormone in the various 
cnb-m~nfc’ ;. 
YYbf..Y..CY. 

riISCUSSION ,,' 

Zone ekc&phoresis on &r&h tinder the working conditions described, as the sole 
step in the’ fractiona&on of crude pituitary Qxtracts has certain advantages in compar- 
ison ‘iyith m&e cqmplid.ated’$urification’schemes, in.which the separated end prodtikts 
are ‘submitted to ‘electrophortisis; All active factbrs of the original extract rind&go 
-__;‘._LlI_ A_?/^_ -C-‘- ‘~--.~A._2l-_A. :- -- - -1-:-___1 .=_: A.‘L_ _ 
wcd~~~y L~L sdxnfz LrcdLrrlcr4L, 11, 11” case is is&j-ion ~~~~~~v(=(I “y Lne &gtru&or; &f 

others. No loss or alteration of biological activity can be detected. 
It appears from the results that the positions of the TSH fraction and of the STH 

fraction are not in accordance with. the isoelectric points reported for these hormones 
(after their isolation by ,v?rious, purifi?ation steps) by other authors. HAYS AND 
STEELMAN~~ camk to the coriqlusion’ that purified TSH had zip isoelectric point between 
pH 8’ and”8.5. ‘Our experiments demonstrate that TSH should have an isoelectric 
-->-I 11 1_-_ &‘1___ 
p?irlL 01 less cnan 

I-F,. _ ___‘-__-.-_ .I_ _I_,- .I?-__ *‘1- - FWTT J?___ _I!_ 1. 
7.4. I ne reverse novas 10r r;ne 3111 rracrion. Accoidbig tb FEJNSS- 

.&CH. AND LIZ”, the isoelectric point ‘of growth hormone obtained after the purifi- 
‘kation procedukes describkd by these authors was 5.8, whereas the position of our 
STH actiGity suggests ‘an isoelectric point hi&er than 7.4. Tliis cannot be accounted 

‘:;” .._., 
: :,, 
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for by electroosmosis, since we corrected for this phenomenon by vertical arrange- 
ment of the block and by a difference in level of .,the buffer solution in the electrode 
vessels, so that electroosmosis was completely counterbalanced. Species specificity”6 
may be an explanation for tlie dif&rences found. :However;, .parallel ekperiments 
x&l-h mnr,c,= gnil hmrinm nitlritarxr l-iccrl0 in;li,vtncl thgt thz ~,-,c;timn ,nf thn varicus . . * C.A **I” UY” u**u WV. &IL” y*cu*.uIJ c*.zcluu ***u*“uL”~ LIIc*L y”JLLI”.‘ “I &.1&b 

hormonal activities is not,’ specific ‘for the rat’ pituitary2P. .In this connection it should 
be pointed out ,that POSTEL~‘, using horizontal zone’ electrophoresis. as ‘the sole purifi- 
cation step for TSH, claimed to have found. the’hormone jctivity in’quite a different 
position from that observed in, our experiments., Further experiments are in progress 
to elucidate this question. 

,., : 

The position of ICSH and FSH are in agreement .with the isoelectric point 
~73 lrlec mannri-&I h-7 Gnrrram A\TTI T r2 T T elf n? 28 Qm,-l’ <bUUT M'AM cd n? 20, v UIU”.J L”Y”L I.“&& “J VWVL~\~ a*.- YI ) YI “Y WY. WI&U v~~L3Y*.*c&*. “Y WY. , 

With the biological assay employed no information bn. the localization of the 
LTH activity could be obtained. In one experiment LTH activity was Therefore esti- 
mated by the method de?cribed by HADFIELD~~,. using hypophysectomized,mice of the 
‘AzG strain. In‘this experiment the;LTH. activity,‘appeared’te belocalizedin fractions 
4,s and 6 (Fig.: I), .,partially overlapping the TSH region.‘Since the method is’cumber- 
some and appears not ‘to’ be specific 31,’ ,it was not employed in. further ~‘ekperiments1 
Thm inCnrmD+inn r\n fhm.fifitma ni-h-v nitl,i+grrr hnvtnnnnc xxtg~ nht~innil hw ~v~lm~$i~a .tha ***v .&***“I *IIcLc*v*I VA* CII” *a vu “cl*“* y*CU*LU*J .L*v* ***v**u.z 1. LLlJ “V *L****\ru YJ u I LLIUcbbI.I~ &I.” 

response’of th&irious t&&t organs’in the same test animals. We consider thatin ‘8.. 
hypophysectomized test animals the criteria us& for STH; TSH, I&H: and,FSH,are 
beyond reproach. The criteria for ACTH activity, however, are,o$en to criticismjan’d a 
better ACTH test for our purpose is being developed. Nevertheless, the bio-assay 
technique employed. supplied a maximum of information with relatively’ feb test 
animals (1700 rats!) and permitted us to test all segments containing hormone 
nPfivifT7 

: 
-“““‘.Y’ ‘.’ -, ‘.,, 

WALLACE AND FERGUSON~~ applied continuous electrophoresis as sole &nifi- 
cation step to sheep pituitary extract without success. We ascribe their failure to the 
fact that these authors $ooled their fractions according to the peaks of the protein 
distribution pattern. Our experiments show that this way of pooling fractions is 
quite an arbitrary one, since inactive proteins are responsible for most of the peaks as 
estimated with ,the Folin reagent. 

. 
SUMMARY 

I. Starch block electrophoresis, under standardized conditions, of water-soluble 
protein hormones from, rat.anterior pituitary tissue is described. The recovery50f four 
of the five ,hormones assayed proved to be,go-Ioo %. 

2. A pure growth-promoting substance has been isolated by a single run. 
3. The inaxima of the separated hormone activities do not coincide with the 

nrni-~in nFX9l.V mtith thm pI’bmr\tinr) nF.=rm-n~t~tr~r\hir hrrrmrrna~ IQTW\ .j, r*VC”*U rvurru, ..*&*I .*I” uauvy CIVI. “I U”*Iaa,bVCL”yA.AY a.“IAIIVIaY \v 4. *a., . ; 

’ ‘4. Follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH) and 
interstitial cell stiniulating hormone (ICSH) were partially separated. The,peaks of 
both l?SI_I-and TSH contained only one major contaminant (ICSH). 

,’ .’ -5.. 

J. Ch+mwpg., 7 tw52) 39-44 
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