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Porcine Calcitonin. Simple procedure for Isolation in High Yield" 

Claude D. Arnaud and Hang S. Tsao 

m c r :  A procedure for the isolation of calcitonin 
from porcine thyroid glands which offers the advantages 
of simplicity, economy, and high yield (40-60 %) is pre- 
sented. It involves three major steps: (1) extraction of 
calcitonin from dried defatted glands with l-butanol- 
acetic acid-water (12:3:5), followed by batchwise ad- 
sorption of contaminants with silicic acid and then 
trichloroacetic acid precipitation of biologic activity, 
(2) gel filtration of the trichloroacetic acid precipitate 
on Bio-Gel P-6, and (3) gel filtration on Bio-Gel P-2. 
The final product has a biopotency and an amino acid 
composition essentially identical with those previously 
reported for porcine calcitonin (Beesley, T. E., Harman, 
R. E., Jacob,T. A., Homnick, C. F., Bitali, R. A., Veber, 
D. F., Wolf, F. J., Hirschman,R., and Denkewalter,R. G. 
(1%8), J .  Am. Chem. Soc. 90, 12; Bell, P. H. Barg, W. 
F., Jr., Colucci, D. F., Davies, M. C., Dziobkowski, C., 

C alcitonin is a hypocalcemic, hypophosphatemic 
principle which has been extracted from thyroid glands 
of all mammalian species studied (Tenenhouse et al., 
1%8); recently it also has been extracted from the ul- 
timobranchial glands of birds (Tauber, 1%7) and am- 
phibians and teleost fish (Parks and Copp, 1%8). Its 
role as a hormone in the regulation of calcium and phos- 
phate metabolism has been recently reviewed (Tenen- 
house et at., 1%8). The major biologic action of cal- 
citonin is probably the inhibition of bone resorption, 
and serious consideration has been given to the hormone 
as a therapeutic agent for the treatment of osteopenic 
bone disease. 

The covalent structure and complete amino acid se- 
quence of porcinecalcitonin have been recently elucidated 
(Beesleyetal., 1968;Belletal., 1%8;Neheretal., 1%8; 
Potts et at., 1%8; Franz et al., 1%8). As extracted from 
porcine thyroid glands, it is a singlechain polypeptide 
with 32 amino acids and a calculated molecular weight 
of 3700. There is a 1-7 intrachain disulfide bridge and 
the carboxy-terminal amino acid is prolinafide. Syn- 
thesis of the entire molecule has been accomplished 
(Guttmann et al., 1%8; Rittel et ol., 1%8). However, it 
is not anticipated that sufficient quantities of the syn- 
thetic polypeptide will be available for general experi- 
mental and therapeutic use in the near future. Poor 
yields and prolonged and complex isolation techniques 
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Englert, M. E., Heyder, E., Paul, R., and Snedeker, E. 
H. (1%8),J. Am. Chem. Soc. 90,2704; Franz, J.,Rosen- 
thaler, J., Zehnder, K., Doepfner, W., Huguenin, R., 
and Guttmann, S. (1%8), Helo. Chim. Acta 51, 218; 
Kahnt, F. W., Riniker, B., MacIntyre, I., and Neher, R. 
(1%8), Helo. Chim. Acta 51, 214; Potts, J. T., Jr., Niall, 
H. D., Keutmann, H. T.,, Brewer, H. B., Jr., and Deftos, 
L. J. (1%8), Proc Nut[. . 4 c d  Sci. U. S. 59, 1321). This 
material migrates as two components on disc gel electro- 
phoresis but preliminary studies indicate that these com- 
ponents represent oxidoreductive changes, not involving 
the methionine residue, of a single component. The ease 
and economy with which procine calcitonin can be iso- 
lated by the procedure described make feasible the pro- 
duction of gram quantities of the hormone under indus- 
trialconditions, which would satisfy present research and 
potential future therapeutic needs. 

have characterized all of the published procedures for 
the preparation of highly purified calcitonin from por- 
cine thyroid glands (Tenenhouse et at., 1%8). 

The present report gives a detailed description of a 
new procedure for the isolation of calcitonin from por- 
cine thyroid glands. The method is relatively simple and 
inexpensive to perform, is capable of being scaled up 
for larger quantities, and has high yields. The final 
product has an amino acid composition which is 
the same as that previously reported for porcine 
calcitonin but it migrates as two components on disc 
gel electrophoresis. Preliminary work indicates that 
these two components represent oxidoreductive changes 
of a single component. 

Experimental Procedure 

Preparation of Dried Defatted Tissue. Fresh porcine 
thyroid glands were quickly frozen in solid carbon diox- 
ide as soon as they were excised and were stored for up 
to 1 year at - 15'. They were finely ground in the frozen 
state, lyophilized, extracted ten times with five volumes 
of cold chloroform and once with cold acetone, and then 
dried at room temperature overnight. The dried defatted 
powders were stored at -- 15" and were used as needed 
for all subsequent extraction procedures. 

.&traction Methods. No modification other than the 
drying and defatting of thyroid glands was made in the 
8 M urea-0.2 M HCI-trichloroacetic acid procedure 
described by Tenenhouse and associates (1%5) for the 
extraction of calcitonin from porcine thyroid tissue. 
This material, "crude urea-trichloroacetic acid ex- 449 
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SnWaE I: 1-Butanol-Acetic Acid-Water Extraction of Calcitonia from Porcine Thyroid Glands. 
Dried defatted thyroid glands (100 g) 

extract. 1-butenol-HAC-HIO (12: 3 : 5) I (2 1.) 4”, 12 hr 

Filtrate Gland kesidue 

superhatant Silicic kcid 

Brown powder 

ifhh evaporate, 30°* 
rapend residue in F h :  
yophilise 

Ihomogemise, 20% HAC (100 ml) 

Insoluble residue s u b a t a n t  
extract with ether (” ml) (three timed: 
remove ether in DW 
add 50% trichIoroac&c acid to 7.5% 

supektant Pr’kipitate h with 7.6% trichloroapetic acid (twiae) 

E%etgmono ;mlylve rn 

Light yellow liquid- 
extract with ether (300 ml) (three times); 
remove ether in u o c w ;  
lyophilise 

Whi&h tan, f l g y  +terial 
(BAW-Tnchloroacetx aad extract) 

tract,” was used in comparison studies with the extract 
prepared by the newly developed procedure. 

The observation that thin-layer chromatography of 
partially purified (urea-trichloroacetic acid extracted) 
calcitonin preparations on silica gel in a l-butanol- 
acetic acid-water solvent system resulted in rapid mo- 
bility of biologic activity whereas the majority of con- 
taminating proteins remained at the site of application 
suggested that this solvent system might be a useful ex- 
tractant of calcitonin biologic activity from thyroid tis- 
sue and that silicic acid used in a batchwise fashion 
might serve to remove contaminants when the hormone 
was in an acidic alcohol environment. Accordingly, an 
extraction scheme (Scheme I) was devised based on 
these principles with the addition of a trichloroacetic 
acid precipitation step. The following description of the 
procedure indicates quantities of reagents used for the 
extraction of 100-g aliquots of dried defatted glands, 
but as much as 10.0 kg of starting material, has been 
successfully processed for us by the Upjohn Co. All 
reagents are reagent grade; 1-butanol is redistilled; ether 
is fresh and peroxide free; and water is glass distilled. 

Dried defatted gland powder is homogenized in a 
Waring blender for 0.5-1 min with 2 1. of butanol- 
glacial acetic acid-water (12:3:5). The mixture is me- 
chanically stirred for 12-24 hr at 4’ and then filtered 
under strong manual pressure through three layers of 
cheesecloth. The gland residue is discarded. The re- 
mainder of the procedure except for column chromatog- 
raphy is carried out at room temperature. Silicic acid 
(200 g, Bio-Sil, 100-200 mesh) is then added to  the dark 
brown filtrate and stirred mechanically for 1 hr. The 
silicic acid, which becomes tannish brown, is then re- 
moved by centrifugation. The 1-butanol is removed by 
flash evaporation at 30’ with frequent addition of water. 
The result of this procedure is a mass of dark brown ma- 
terial which is suspended in water, shell frozen, and 

450 lyophilized. 

The lyophilized brown powder is suspended in 100 m 
of 20 % acetic acid and the mixture is homogenized in a 
Virtis “45” homogenizer for 1 min at “medium” set- 
ting. The mixture is centrifuged at 5000g for 15 min 
and the supernatant is removed by careful aspiration 
and saved (20% acetic acid extract 1). The dark brown 
residue is reextracted with 300 ml of ZOx acetic acid 
in the same way (20 % gcetic acid extract 2). These super- 
natants are translucent, deep yellow, and, depending 
upon the care with which centrifugation and aspiration 
are carried out, more or less free of h e  particulate 
brown material. They are processed in the same way 
thereafter, but separately (see Results for rationale). 

First they are extracted three times with two volumes 
of ether and the residual ether is removed by rotary 
vacuum evaporation. Trichloroacetic acid, 50 x, is then 
added slowly with mechanical stirring to a final con- 
centration of 7.5 %. A h e  whitish gray precipitate forms 
and is collected by centrifugation at 5000g for 15 min. 
The translucent, yellow supernate is discarded. The pre- 
cipitate is washed twice with 7.5% trichloroacetic acid 
and once with a small amount of ether and is then dis- 
solved in 300 ml of 0.1 N acetic acid. The resulting trans- 
lucent, light yellow solution is extracted three times with 
an equal volume of ether. The ether is removed by ro- 
tary vacuum evaporation and the solution is shell for- 
zen and lyophilized. The final dry material, termed 
“BAW *-trichloroacetic acid extract,” is whitish tan and 
fluffy. 

Fractionation on Porous Polyacryhide  Gels. Pyrex 
glass columns (2 X 200 cm) were used after they were 
coated twice with dimethyldichlorosilane (1 in ben- 
zene) as suggested by the manufacturer of Bio-Gel ma- 
terials. Dry Bio-Gel P-6 (1W200 mesh) was washed 
with 0.2 M ammonium acetate buffer at pH 4.6 (eluting 

~~ ~ ~~ ~ 

“BAW’ stands for butanol-acetic add-water. 
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buffer) three to five times and then equilibrated with it 
at 40 for 24 hr, columns were poured as a and 
washed with eluting buffer for 24 hr before use. ~l~~ 
was maintained by hydrostatic column of about 70 cm. 

Both the urea-trichloroacetic acid and the BAW-tri- 
chloroacetic acid extracts were homogenized in 10-15 WLI 

Sp Act. Yield of 0.1 N acetic acid with a Virtis homogenizer because 
Yield (MRC (MRC they did not dissolve well in eluting buffer (urea-trichlo- 

roacetic acid extract, usually 50 mg/ml, and BAW-tri- Extraction Method. (mg) unitslmg) units) 

Urea-trichloro- 900 0.4 360 chloroacetic acid extract, 10-20 mgiml). These mixtures 
acetic acid. 1020 0.3 306 were centrifuged at 5000g for 15 min and the residue 

920 0.4 368 was reextracted with 5 ml of 0.1 N acetic acid. The 
supernatants were pooled, applied to the column, and 
washed in three separate portions of equal volume of Mean 947 0.37 345 

TABLE I: Comparison of Yields and Specific Biologic 
Activities of Crude Porcine Calcitonin Extracts: Urea- 
Trichloroacetic Acid US. BAW-Trichloroacetic Acid 

buffer. Column eluates were read at 277 mp in a Zeiss 
PMQ I1 spectrophotometer. All column preparation and 
chromatography was done at 4". Preparation of col- 
umns of Bio-Gel P-2 was done in the same way except 
that column dimensions were 2 X 100 cm and the eluent 
was 0.1 N acetic acid. Samples were dissolved in 5 ml of 
0.1 N acetic acid and applied in a concentration of 10 
mg of protein/ml. 

Carboxymethylcellulose Chromatography. After re- 
moval of fines, carboxymethylcellulose (Whatman mi- 
crogranular CM 32) was prepared as suggested by the 
manufacturer. It was equilibrated by washing with 0.1 
M ammonium acetate. Columns (0.9 X 100 cm) were 
poured as a slurry. Samples which had been desalted on 
columns of Bio-Gel P-2 were lyophilized, dissolved in 
1-2 ml of 0.1 M ammonium acetate, and applied to these 
columns. Linear gradients were developed by using two 
vessels, one containing 150 ml of 0.1 M ammonium ace- 
tate and one containing 150 ml of 1 M ammonium ace- 
tate. 

Biologic Assay for  Calcitonin. Hypocalcemic activity 
of calcitonin was determined in 60-80-g male Sprague- 
Dawley rats bred and raised at this institution and given 
a commercial low-calcium diet (General Biochemicals) 
for 1.5-3 days before use. Test materials and standard 
preparations were injected into the external jugular vein 
in 0.5 ml of a 1 bovine serum albumin-20 m~ NaCl 
solution while the animals were lightly anesthetized with 
ether. Blood was obtained by cardiac puncture 70 nin  
later. The calcium concentration in the plasma was mea- 
sured by atomic absorption spectrophotometry. 

Urea-trichloroacetic acid extract (0.5 MRC unit/mg) 
served as a standard and was calibrated in four separate 
four-point assays against MRC research standard A. 2 

At least three doses (2.5, 5, and 10 munits) of this cal- 
ibrated standard were included in all assays except those 
in which column fractions were being scanned for bio- 
logic activity. Assay results were highly reproducible and 
an index of precision, A, of 0.11 was obtained in a series 
of 40 consecutive experiments. Specific biologic activity 
is expressed in terms of MRC units per milligram weight 

2 Specific biologic activity of calcitonin is given in terms of an 
established standard preparation "Research Standard A" (Di- 
vision of Biological Standards, National Institute for Medical 
Research, Mill Hill, London). According to convention, units 
of activity are designated MRC-A units. 

BAW-trichloro- 110 7.4 814 
acetic acidb 105 8.0 840 

115 7.1 817 

Mean 110 7.5 824 

Difference factorc 20.3 2 .4  

0 Both methods were applied to three 200-g aliquots 
of the same batch of dried defatted porcine thyroid 
powder. 6 From 2 0 z  acetic acid extract 1. .Ratio 
BAW-trichloroacetic acid product/urea-trichloroacetic 
acid product. 

of protein. Protein was determined by the method of 
Lowry and associates (1951). 

Analytical Disc Gel Electrophoresis. Of the several 
procedures and buffer systems studied, the system de- 
scribed by Reisfeld and coworkers (1962) produced the 
most consistent and reproducible results with the highest 
resolution. It was routinely used without modification 
except for the introduction of 6 M urea into all of the 
gel solutions. Fifteen per cent running gels (PH 4.3) were 
used. Samples were usually dissolved in the upper gel 
solution before application. At 6-7 rnA/tube, running 
times ranged from 1 to 1.2 hr. Gels were always run in 
duplicate with between 100 and 400 pg of sample per 
tube. Staining was done with Amido Black for 1 hr, and 
destaining was accomplished by electrophoretic means. 
Amino Acid Analysis. Amino acid analyses were done 

using a Beckman-Spinco automatic amino acid ana- 
lyzer, Model 120B. Hydrolysis of samples was performed 
either with 6 N HCl at 110" for 22 hr after performic acid 
oxidation according to the method of Hirs (1967) or by 
the alkaline method of NeumaM (1967) for the analy- 
sis of methionine sulfoxides. Tryptophan was deter- 
mined by the method of Goodwin and Morton (1946). 

Results 

Extraction Procedure. The new method described 
herein results in a crude product (BAW-trichloroacetic 
acid extract) which has specific biologic activity 15-30 
times greater and yields of approximately 2-3 times 
greater than provided by the urea-trichloroacetic acid 
procedure (Table I). This comparison is based on the 45 1 
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T- n: Rammy of Protein aad Biologic Activity at Major Stages of BAW-Trichloroaatic Acid Extraction. 

Sp Act (MRC Total Biol Biol Ac t  
TotalRotcin units/mgof Act.(hfRC LAM(,% PUrifeoFactOr, 

Stase (ms) prokin) units) pr Step Ova-aU 

Filtrate of saline d o n  Z O O 0  0.007 154 
Filtrate of BAW d o n  857 0.4 343 57 
Supanatant a f m  silicic 

BAW-trichloroaatic acid 
acid treatment 

extract 

90 3.0 270 21 430 

n 9.4 254 6 1340 

BAW-trichloroncetic acid product derived from the first 
extraction with 20% d c  acid (20% acetic acid ex- 
tract 1). Additional activity can be obtiined from 20% 
acetic acid extract 2. T l x  specific biologic activity of this 
latter material is less but still is 510 times that of the 
uma-trichloroacetic acid product and repments an ac- 
tivity yield at least equal to that obtained in a s i d e  ex- 
traction of thyroid powder by the m-trichloroacetic 
acid method. If the total yield of the BAW-trichloro- 
acetic acid procedure is calculated on the basis of the 
products of both acetic acid exbacts, it approximates 
fourtimes that oftheurea-trc@oroaceticacid procedure. 
Most of OUT purification work has been done with the 
BAW-trichloroacetic acid product of high specific ac- 
tivity, hut preliminary studies suggest that the material 
with lower specific activity is a mixture of the same pro- 
tein components and behaves the same as the high s p  
cific activity product when subjected to gel filtration. 
The disc electrophoretic pattern of the product from 
20% acetic acid extract l'is shown in Figure 1A. 

The biologic activity in the product of each major step 
of the BAW-trichloroacetic acid extraction procedure 

1 

mum? 1 : Analytical polyaaylamide disc gel d&mphoresis 
of (A) 100 ps (protein) of EAW-trichloroacctic sdd cxtrad 
and (E) iUl fig (protein) obfaimd from any of the 27-ml pools 
of fraction 111 of the dution pattsn show in Figllrc 2 452 

was assayed to determice the eEiciency of the method 
(Table 11). In the expaiments, three 50% aliquots of 
dried defatted thyroid powder were carried s e p t e l y  
but simultaoeously through to one of three stases: fil- 
trate after extraction of glands with I-butanol-aCetic 
acid-water, supematant after removal of contaminants 
with silicic acid, and BAW-trichloroacetic acid extract. 
For assay, the intennediate products wae flash evap  
orated, lyophilized, homogenized with 20% acetic acid, 
exhacted extensively with ether, and then relyophilized 
In the BAW-trichloroacetic acid procedure, it is striking 

- 
as - 

0.8 - 

07 - 
2 
2 
2 0 5 -  
a" 

09 

> 0.6 - 
% 

. .g 0.4 - . 
0.3 - 

02- 

0.l - 

4 
0 

Volume e luent ,  ml 

mum? 2: Flution pattsn obtained when E A W - ~ c h l m  
acecie add apBct (72 w) was sub- ta gel filtration on 
2 X iUl cm column of B i d  Pd. Conditions: eluent, 0.2 
M ammooivm Baulte @H 4.6); flow rate, 0.38 ml/min; 
fraction size, 5.5 ml; hydrostat* p ~ ~ u r e  head, m cm; tun. 
prature, 4". Solid line rc-ts absorbance at 277 w; 
numerals I-IV am lyophilized fraclions; h i s t o r n  show 
s p &  sctivity valurp of Sequmtial n-ml pools. 
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TABLE m: Protein and Biologic Activity after Gel Filtration of BAW-Trichloroacetic Acid Extract on B i d 1  Pd. 

Sp Act. (MRC x Act. 
Total Protein units/- of Total Act. Recovd in 

Fraction (Figure 2) (mg) protein) (MRC units) Fraction M c n  Factor 

BAW-tri- 72 9.0 648 
chloroacetic 
acid extract 

I 57.0 0.2 11 2 -45 
I1 4.9 12.0 59 10 q 1 . 3  
I11 8.3 60.0 498 86 4-6.9 

Total 71.6 578 

R=overy (%I 99.5 89 

IV 1.4 7.0 10 2 -0.78 

a Expected purification on basis of protein = 8.7; actual on basis of specific activity increase = 6.6. 

that simple extraction of the glands with acidic alcohol 
produces a product which has a specific biologic activity 
comparable with the final product of the urea-trichloro- 
acetic acid procedure. 

Although the batchwise silicic acid adsorption of con- 
taminants leads to the greatest loss of total biologic ac- 
tivity (21 %), a 7.5-fold increase in specific biologic ac- 
tivity is achieved; without this step, the final product 
has a greatly decreased specific biologic activity. Prac- 
tically all of the biologic activity lost at this step can be 
recovered by eluting the silicic acid with water. The ma- 
terial recovered has a specific biologic activity of 0.004 
MRC units/mg of protein. We have not yet characterized 
this material further but have used it as a source of bio- 
logic activity in a number of physiologic screening ex- 
periments. 

There is a negligible loss of total biologic activity be- 
tween the silicic acid adsorption step and the final prod- 
uct, but a further increase in specific biologic activity of 
3.1-fold is achieved. Total recovery of biologic activity 
has ranged from 50 to 80%. 

Fractionation on Porous Polyacrylamide Gels. A typ- 
ical elution pattern is shown in Figure 2. Superimposed 
is a histogram showing the specific biologic activities for 
five-tube pools (P-6 product). Data concerning recover- 
ies, specific activities, and purification factors for each 
lyophilized fraction from this column are shown in Ta- 
ble 111. The specific biologic activities of the three five- 
tube pools between elution volumes 577 and 660 rnl were 
constant at 82 MRC units/mg of protein, and the disc gel 
electrophoretic patterns were identical (Figure 1B). Two 
major components are clearly visible: a darkly staining 
band with an RF value (calculated from the mobility of 
methyl green) of 0.54 and a more lightly staining band 
with an RF value of 0.4. Two barely visible components 
are also present, with RF values in the range of 0.2-0.3. 
Recovery of virtually all protein and 89% of biologic 
activity and an actual purification factor of 6.6, com- 
pared with a theoretical factor of 8.7 on the basis of pro- 
tein, was achieved with this procedure (Table 111). Com- 

parable results have been obtained in many similar ex- 
periments. 

A comparison between the results obtained when 500 
mg (250 MRC units) of uea-trichloroacetic acid extract 
and 72 mg (648 MRC units) of BAW-trichloroacetic acid 
extract were subjected to gel filtration on the same col- 
umn of B i d j e l  Pd indicated that (1) the total percen- 
tage recovery of biologic activity was greater with 
BAW-trichloroacetic acid extract (89 us. 55 %) and (2) 
a far greater proportion of biologic activity was re- 

O"120 460 200 240 280 320 360 

Volume e l u e n t ,  ml  

ffim 3: Elution pattern obtained when 60 mg of fraction 
In of B i d j e l  P-6 fractionation (Figure 2) was subjected to 
gel filtration on Bio-Gel P-2. Most of the biologic activity 
was recovered in fraction I. 453 
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TABLE IV: Amino Acid Composition of Oxidized Porcine 
Calcitonin. 

ROW 4: Analytical polyacrylamide disc gel electrophoresis 
of (A) fraction I from Bic-Gel P-2 fractionation (Figure 3) 
and (Ll) m a t d  obtained aitcr cysteine reduction of fraction 
L 

w d  in the low specific activity, nomtained fraction 
with the m-trichloroacetic acid extract (67 GS. 279. 
This is of considerable importance because, in our ex- 
perience, it is only the retained fraction which can be 

The elution pattern which was obtained when the P-6 
product was run on columns of Bio-Oel P-2 is shown in 
Figure 3. Essentially all of the biologic activity applied 
to the column was r e c o d  in fraction I (P-2product). 
Polyacrylamide disc gel electrophoresis of this material 
(Figures 4A and 6A) showed that the two minor com- 
ponents of slow mobility present in the P-6 product (Fig- 
ure 1B) had been removed. Fraction I1 from this column 
contained these two components. The P-2 product had a 
specific biologic activity of 120-150 MRC unitsimg 
weight of protein. 

C~b~x.vmerhylcellulose Fractionation of P-2 Product. 
The elution pattern which was obtained when the P-2 

rurther purified. 

0 4 0  80 .IO tbO 200 2.0 *BO 

V0IY.L I l u e n l  . r n l  

mum 5: Elution patlun obtained when 20 mg of protein 
OlfractiOO I of BioGel P-2 fractionstion (Faure 3) was s u b  
jeaed to earboxymethylceUulose chromatogmphy. Solid di- 
agonal line denotes linear gradient of ammonium acetate 

454 duenr 

Residues 

Lit. 
Amino Acid Present Procedure Values- 

His 1.0 1 1 
Arg 2.0 2 2 
ASP 4 .1  4 4 
me 1 . 5  1-2 2 
see 2.2 2 4 
Glu 1.1 1 1 
Pro 2.1 2 2 
G ~ Y  2.9 3 3 
Ala 1 .o 1 1 
CYS (OaH) 1.6 2 0 
Half-(Cysh 0.0 0 2 
Val 1 .o 1 1 
LYS 0.0 0 0 
Met (OQ 0 .9  I 0 
Met 0.0 0 1 
Ile 0.004 0 0 
Leu 3.0 3 3 
T Y ~  0.3 1 1 
Phe 3.1 3 3 
Trp 1 .o 1 1 

a Taken from Beesley et al. (1968), Bell et al. (1960 
Franz et al. (1968), Kahnt et al. (1960, and Potts et al. 
(1968). Not corrected for destruction. Analysis of 
an alkaline hydrolysate of the P-2 product showed 
no methionine sulfoxides. 

~- 

product was subjected to carboxymethylcellulose chro- 
matography using a linear ionic gradient from 0.1 to 
0.55 M ammonium acetate is shown in Figure 5. Two 
distinct protein peaks were obtained but separation was 
not complete. The results of polyacrylamide disc elec- 
trophoresis of the materials contained in fractions in the 
regions of 172 and 192 mi, respectively, are shown in 
Figure 6. Partial separation of the two components ob- 
served on the gel electrophoresis of the P-2 product (Fig- 
ure 6) WBS achieved. The specific biologic activities of 
tbese two fractions were identical. 

Amino Acid Analysis. The finding that the two elec- 
trophoretic components of the P-2 product possessed 
the same specific biologk activities suggested that they 
were chemically similar. Accordingly, amino acid analy- 
ses were done on the P-2 product after performic acid 
oxidation. The results of t h w  analyses and, for com- 
parison, the amino acid composition of porcine calci- 
tonin previously reported by five separate groups are 
shown in Table IV. The amino acid composition of the 
P-2 product is exentidy identical with that previously 
reported for porcine calcitonin except (1) the values for 
serine and threonine which have not been corrected for 
destructive losses and (2) the value for tyrosine, some 
of which was probably destroyed by the performic acid 
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TABLE v: Sumrnary of Purification of Calcitonin Prepara- 
tiOnS. 

step 
Dried defatted 

glands 
BAW-tri- 

chloroacetic 
acid extracr 

Bio-Gel P-6 
B id ie l  P-2 

Sp Biol 
Act. (MRC 

A units; 
mgof Potency 

protein) Increase 

0,007- 

10.00 1428 

80.00 8 
140.00 1.75 

Overall purification = 2O.W 

Yield 
(73 
per 

Step 

5 N O  

80-90 
%I00 

a MRC A unitslmg weight. This value is 1.6 times 
higher than that previously reported (Potts et ai., 
I%? and is calculated on the basis of butanolacetic 
acid-water extraction of dried glands (Table 11). 
This accounts in part for the lower over-all purification 
value for the present procedure as compared with 
previously reported isolation techniques (Potts et a/., 
1967). L T h e s e  data are for material prepared in our 
laboratory. The yield is slightly lower under industrial 
conditions. 

oxidation. Alkaline hydrolysis of the P-2 product in 
Te0on vessels and subsequent amino acid analysis 
showed no methionine in either the sulfoxide or sulfone 
form. 

Preliminar.v Srudy of Cysteine Reaiwrion of P-2 Prcd- 
uer. Reduction of the P-2 product was carried out by 
incubating 2 mg of this material in 0.1 M cysteine hydro- 
chloride (pH 1.6) at 37" for 12 hr. The disc gel electro- 
phoresis patterns of this material and of unreduced P-2 
product are compcred in Figure 4. Treatment with cys- 
teine converted the material which migrated as two com- 
ponents into material which migrated as a single a m -  
wnent. The RF of the single component was the same 
as that of the more mobile of the two components, sug- 
gesting that the less mobile component is an oxidation 
product of the morP mobile component. 

Disussion 

The procedure which we have described for the iso- 
lation of dcitonin from porcine thyroid glands offen 
the advantages of simplicity, economy, and high yield 
(Table V). Three s t a g s  are involved. In the firs?, a rapid, 
easily performed method for the extraction of calcitonin 
from porcine thyroid glands yields a product with a spe- 
cific biobgic activity 15-30 times that of the acid-urea 
extraction p r d l v r  of Tenenhoue and associam 
(1965) and &IO times that of the rscently reported bu- 
tilnol-acetic acid-water method of Maclntyre (1968). 
The second is 2 &el filtration step using Ric-Gel P-6 

P G U R E  6: Disc gel electrophoresis of(A) fraction I from Bi- 
Gel P-2 fractionation (Figure 3) and material obtaiaed from 
the regions of 172 (8 )  and 192 ml (C) ofcarboxymethylcel- 
Idose fractionation of fraction I (Figure 5). 

which carries the crude extract to approximately two- 
thirds purity. The third, another gel filtration step using 
B id ie l  P-2 yields a product which has an amino acid 
composition(Tah1e 1V)essentially identical with that pre- 
viously reported for porcine calcitonin. This similarity 
and the fact that this empiric formula has been con- 
firmed by the determination of the amino acid sequence 
(Bell et d., 1968; Neher et a/., 1968; Potts era/., 1968) 
and hy the complete synthesis (Guttmann PI ol., 1968; 
Rittel et ai., 1968) of porcine calcitonin support the pre- 
mi% that the P-2 product is relatively homogeneous. 

Little precise information is available concerning the 
yield.? of previously described procedures for the iso- 
lation of porcine calcitonin. However, it is clear from 
our experience and that of others (Hawker et ol., 1%7; 
Tenenhouse er ai., 1968) that ihey are poor at best (1- 
IOm. The procedure which we have developed has an 
over-all yield of about 4(t607,. The reasons for these 
dramatic dilferences in yield are not entirely clear; how- 
ever, the method of initial extraction of the glands is 
probably at least partly responsible. 

The question of why the P-2 product minates as two 
components on disc gel electrophoresis is intriguing. 
The observation that treatment wilh cysteine results in 
the ccnvenion of the two-component material to one- 
component material strongly suggests that the P-2 prod- 
UT? represents an oxidorductiw alteration of a single 
component. Oxidoreductive changes in the methionine 
residue of porcine calcitonin have been reponed to re- 
sult in derivatives which have different mobi!itIes in 
liquid-liquid partition systems. but these derivatives 
migrated as a single component on disc. gel electrophor- 
esis and had the same hiolopic activity (Kahnt er ai., 
1468). However, &e alteration in the P-2 product is 
probably not in the methionine residue t s ause  no meth- 
ionine sulfoxide or sulfone was detected after alkalina 
hydrolysis oi the peptide. Although alternative expla- 
nations mn be offered, it seem: likely that intermolecular 
disulfide interchange is responsible for the production 
of these two components. This noticn is supported by 
prehinary studies in which OXidatiOn 0: the P-2 prod- 455 
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uct with peroxide d t e d  in the produdon of at least 
five ampomnts on disc igd ekctrophoresis, n m  of 
which hadamobility gmaterthanthemostmobilecom- 
poaent of the P-2 product. The possibility that poly- 
merization of the arLcitonin mokcllle uia disulfide inter- - occurs in o b ,  either within its cell of origin, in 
plasma, or at its site of binding in target tissues, may 
be phySiOl&dly important and -ts further in- 
VedgatiOn. 

Tbe sjRXi6c biologic activity of the P-2 product 
is somewhat less than that of some previously reported 
preparations but similar to that of others. It is diflhlt 
to h o w  if these variations are due to differences inthe 
methodsofbioassaybetweenlaboratoriesoriftheyare 
due to changes in the calcitonin molecule related to the 
meaus by which the hormone is isolated This problem 
can be s o l d  only when the various preparations are 
subjected to Comparative bioassay and immunoassay 
(Amaud et d., 1968; D e h  et d., 1968) in a number 
of dif€mt laboratories. 

Starting with dried defatted thyroid glands, we have 
been able to produce, in ourlaboratory, milligram quan- 
tities of the P-2 product with a few days’ work. !jcale-up 
studiesinw~~tionwiththeUpjohnCo.havesh~ 
that as much BS .10 kg of dtied defatted thyroid glands 
can be brought successfully to the “brown powder” 
sta@(SchaneI) with minor modification of the original 
extraction procedure. Further p e t i o n  of this ma- 
terial in O W  laboratory has d t e d  in the production 
of a P-2 product identical in all respects with that pre- 
viously obtained and it appears entirely feasible to pro- 
duce gram quantities of calcitonin. 
The need for a standatdized, relatidy homogeneous 

-on of calcitonin which is available in quan- 
tities adequate for use in physiologic, biochemical, and 
clinical investigation is pressing and immediate. A corn 
mercial source of a synthetic caIcitonin would be the 
ideal solution to this problem but this is not likely to 
become a reality until calcitonin is demonstrated to be 
t h e r a p e u ~ y ~ i n c o m m o n m e t a b o l i c b o n e d i s -  
orders. Tbe ease and economy with which porcine cal- 
citonin can be isolated by the procedure we have de 
scribed could make possible, within a short time, the 
production of a standard Preparation of peptide which 
would satis& the research needs of all interested in- 
tigaton. It should also be possible, with furtbex scale-up 
refuKments in technique, to produce quantities of cal- 
citonin by the present procedure sutEcient for potential 
future tberapeuticm-ts. 

Acknowledgments 

Dr. Travis LittIedjke, National Animal Disease Lab 
oratory, Ames, Iowa, provided us with IaqJe quantities 
of the crude ureg-ttlchl oroacetic acid preparation of 
dcitoninear~y in the course of ow studjes andhas beea 
a constaot source of helpful advice as has Dr. Nai-Skg 

Jiang. We owe a special debt of gmitwk to hs. J. W. 
Winman. A, Parcel4 and G. FonJ of the Upjohn Co. 
fix supplying us with crude extrac& of calcitouiu and 
fixp&ormingaminoacidadysts. WealsothaukMiss 
sharonBa&forsLillfultechnicalassistaoce. 

References 

Amaud, C. D., T., Tsao, H. S., and K a p h  
E. L. (1968), Roc. StafMeeting.~ Muyo Chic 43, 4%. 

Beesley, T. E., Harman, R. E., Jacob, T. A,, Homnidr, 

man, R, and Dcnkewaltg, R. G. (19681, J. Am. 
Chem. Soc. 90,12. 

Bell, P. H., Barg, W. F., Jr., Colwci, D. F., Davks, 
M. C., Wobkowski, C., Euglut, M. E., Hyder, E., 
Paul, R, and Snedelrer, E. H. (1968), J. Am. Chem. 
SOC. 90,2704. 

Deftos, L. J., Lee, M. R., and Potts, J. T., Jr. (19681, 
Roc. Nd. Raad. Sci. U. S. 60,293. 

Franz, J., Rosenthak, J., zahndg, K., Doepfner, W., 
HugUeniu, R, and G&mam, S. (1%8), He&. Cht.  
Acta 51,218. 

Goodwin, T. W., and Morton, R A. (1943, Biuchem. 
J. 40,628. 

Bossert, H., and WiUems, H. (1968), Helo. Chim. 
Actu51,1155. 

Hawker, C. D., Rasmusren, H., and Gkss, J. D. (1%7), 
Roc. Nut[. A d .  Sei. U. S. 58, 1535. 

Hirs, C. H. W. (1963, MetMl%ymI. 11,59. 
Kahnt, F. W., W e x ,  B., MacIntyre, I., and Neha, R 

(1968), Helo. C h .  Actu51,214. 
Lowry, 0. H., Rosd~ough,  N. J., Farr, A. L., and 

Randall, R J. (1951), J. &I. Chem. 193,265. 
Machtyre, I. (1968), Roc. Roy. Sm. (London) 8170, 

49. 
Neher, R., Riniker, B., Zuber, H., Rittel, W., and 

Kahnt, F. W. (1968), HeIu. C h .  Actu 51,917. 
Neumann, N. P. (1%7), Metho& l%ymI. 11, 487. 
Parkes, C. O., and Copp, D. H. (1968), Ejccerptu M d .  

Potts, J. T., Jr., N i i  H. D., Kcutmann, H. T., Brewle, 
H. B., Jr., and Debtos, L. J. (1968), Roc. NdI. A d .  
Sci. U. S. 59,1321. 

Potts, J. T., Jr., Reisfa  R A,, Hirsch, P. F., and 
Munson, P. L. (1%7), Am. J.  Med. 43,662. 

M e l d ,  R. A, Lewis, U. J., and Williams, D. E. (1%2), 
Natvre 195,281. 

Riw W., Brugger, M., Kamber, B., Rinilrer, B., and 
Si&, P. (1968), Helo. Chim. Actu51,924. 

Tau&, S. D. (1%7), Roc. NaI. A d .  Sci. U. S. 58, 
1684. 

Tenenhouse, A., Amaud, C., and Rasmussen, H. (1%5), 
Roc. Nut[. A d .  Sci. U. S. 53,818. 

T d o u s e ,  A,, H., Hawker, C. D., and 
Amaud, C. D. (1968), Ann. Rea Phmmucol. 8, 319 

C. F., Bitali, R. A, Veba, D. F., WOK, F. J., HiAch- 

GU- S., Pless, J., sandrin, E., JW-OU~, P.-A., 

(in Press). 

456 

A R N A U D  A N D  T S A O  


