
The stacking gel solution was prepared by making up a mixture of 

Acrylamide (0,59ini of 40% acrylamide solution prepared as above); 

Stacking gel buffer (1,25ml); containing 5*>OmM Tris pH 6,8 and 0,<i% S D S , 

H^ 0 (3,15ml); Freshly prepared ammonium persulphate solution (0,02ml,

10% w/v) and Temed (0,01ml). This solution was slowly mixed, degassed

and ther added on top of separating gel once the sample well former was

in place above the separating gel. The gel was then left for

approximately lh to set and then either stored in fridge or used 

immediately for electrophoresis.

Sample? were prepared by taking known amounts of protein (3 - 60fig) 

and adding them to tubes already containing ,C5ml of sample buffer. The 

Sample buffer contained 10ml, 75% (v/v) glycerol, 0,5ml of 

Q-mercaptoethanol and 0,23g SUS dissolved in 10ml of 62,5mM Tris pH 6,8 

and 0,1ml of 1% bromophenol-b lue. This solution was made up to 100ml 

with distilled H.;0. The samples were mixed, heated to 90°C for 5 

min, cooled and centrifuged. Appropriate dilutions of protein sample and 

sample buffer were made. Equal volumes of sample buffer and protein 

sample were added each time electrophoresis was to be run. The 

individual proteins were then layered into the sample wells in the gel. 

The gel was placed in position in the buffer tank, overlayed with buffer 

in the upper vessel and elec trophoresed at 11mA until the dye front had 

reached the separating gel. Electrophoresis was continued for 

approximately 5h at 17 - 2 5mA.

Low molecular weight marker proteins, (Laboratory prepared with ranges 

6 000 - 43 000 daltons), were treated similarly and were used to 

determine the molecular weight of protein staining bands. The standards 

were: ovalbumin (43 000 daltons); trypsin inhibitor (20 100 daltons);
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cytochrome c(12 500 daltons) and aprotinin (6 000 daltons). The 

concentration of each of the standards was Img/ml and from 5-8 /il of each 

of the standaids was loaded at one time. On completion of the 

electrophoresis, the gel was removed from the plates and placed in a 

fixing, staining solution containing 10% acetic acid, 25% isopropanol and 

0,2% Coomassie Brilliant Blue G-250 for 45 min. The gel was then 

destavned using a 10% acetic acid solution. An R^ value is defined as 

the quotient of the distance moved by the solute (in this case the 

different proteins) and the distance moved by the solvent front. A 

calibration curve for *:he SDS polyacrylamide gel shows a linear 

relationship between the migration distance and the log of the

molecular weight of the proteins of molecular weight 43 000 daltons to

12 500 daltons. The degree of linearity will depend on the composition 

of the gel. The low molecular weight region beyond 12 500 daltons is 

non-1inear.

2.11 ME THUD OK PURIFICATION OF BABOON INTESTINAL CALCIUM BINU1NU PROTEIN

USING HPLC (HIGH PRESSURE LIQUID CHROMATOGRAPHY)

A Waters HPLC Model No. M721 from Millipore (S.A.) was used in the 

purification and identification of baboon intestinal CaBP. Two 1-125 

protein columns, capable of separating proteins of molecular weights 

ranging ftom 2 000 - 80 000 daltons, were used in scries.

The mobile phase was lOOmM Tris HCl pH 7,2 containing lOOmM 

NajSO^. The flow rate of the eluent was 1,0 ml/min. Columns were 

conditioned for approximately 12 hours before use.

A mixture of molecular weight standards comprising ovalbumin



(43 000 daltons); chymotrypsinogen (23 000 daltons); lysozyme (14 400 

daltons) and cytochrome c (12 500 daltons) were used. The concentration 

of each of the proteins ranged from 5 - 1 0  mg/ml of protein. Samples 

(0,125-0,250m 1) of above mixture correspondin to 625 Mg ” 2,5mg protein 

were injected into the system and monitored by absorbance at 280nm. 

Subsequently, protein samples from different stages of the various 

purification procedures were injected into the system, and eluted and 

monitored under the same conditions.

The resultant peaks of interest were monitored on the data system 

and were collected using the integral traction collecting system. Data 

collected on the integrator were correlated with samples collected and 

used for identification of the baboon intestinal CaBP. A graph of log 

molecular weight vs elution time was plotted tor the low molecular weight 

proteins. Thus the protein peaks eluted from the columns were used to 

establish the molecular weight of the baboon intestinal CaBP. The 

calibration curve was extrapolated in order that the molecular of the 

CaBP be determined.

2.12 EXPEKIMENTS TO SHOW THE EFFECTS OK AMMONIUM SULPHATE ON

BOTH THE CHELEX-100 UPTAKE OF 4bCaCl2AND THE BIURET ASSAY

2,12,1 ME'IHOU USEi; TO INVESTIGATE THE EFFECT O F AMMONIUM

SULPHATE ON THE CHE LEX - 100 RESIN UPTAKE OF ^ C a C l

Firstly, a solution of 100% saturated ammonium sulphate was 

prepared and fro i this, dilutions of 25%, 50% and 75% saturated ammonium



sulphate solutions were prepared. The volumes ot the components used in 

each of the experiments are shown iri Table 3. All tests were carried out 

in duplicate.

Three experiments were carried out. As per table 3, components in 

tubes I and II were subjected to the Chelex-100 assay to determine the 

total and background counts for the experiments. In the first 

experiment, increasing concentrations of ammonium sulphate replaced HjO 

as diluent (Tube III). The aim of this experiment was to show the effect 

of increasing concentrations of ammonium sul hate on the total countc in 

the assay system in the absence of both ^helex-resin and CaBP. The 

resultant counts were expressed as percentages of the total counts and 

plotted against the increasing concentrations >i ammonium sulphate. The 

second experiment was carried out to d e t e r m n■ the effect of ncreasing 

concentrations of ammonium sulphate on the tal counts lr the assay 

sys'.em in the presence of both Chelex-res n at uHl In thi« exper Latent 

increasing concentrations of ammonium sulphate m r i a c e d  H.,i. as di.uent 

(Tube IV), The resultant counts were expressed as percentages of the 

total counts in the assay system and were | otte- against the increasing 

concentrations of ammonium sulphate.

In the third experiment, the ammonium sulphate replaced as

diluent (Tube V). This experiment was designed to show the effect of 

increasing concentrations of ammonium sulphate or. the background counts 

measured in the assay in the absence of protein. The resultant countb 

were exptessed as percentages ot the total counts and plotted against the 

increasing concentrations of ammonium sulphate.



TABLE 3: THE VOLUMES OF COMPONENTS USED IN THE EX PE KI ME NT TO INVESTIGATE 

VARYING CONCENTRATIONS OF AMMONIUM SULPHATE ON CHELEX-1C0 ASSAY FOR 

MEASURING (Ca*Pr/Ca*R)

T U B E  N O .

COMPONENTS I II III IV V

(NH4 ).,SO^ - - 0,623ml *0,500ml 0,500ml

H 20 0,625ml 0,500ml

Ub

CaCl2 0,05ml 0,05ml 0,05ml 0,05ml 0,05ml

Chelex -100 - 0,125ml - 0,125ml 0,125ml

Protein (CaBP) - Appropriate

dilution 

in ,500ml 

of (NH4 )2S0A*

TUBE I - Total counts in assay with H20 used as diluent.

TUBE II - Background counts in presence of Chelex-lOC resin with 

H20 used as diluent.

TUBE III - Total counts in assay containing increasing concentrations 

of ammonium sulphate which replaced H20 as diluent.

TUBE IV - Background tub** containing CaBP appropriately diluted in 

increasing concentrations of ammonium sulphate. Ammonium 

sulphate replaced H20 as diluent.

TUBE V - Tube representing background counts in which ammonium 

sulphate in increasing concentrations replaced H 20 as 

diluent. This contained no CaBP.



The CaCl^ was diluted to give total counts of approximately 

64 000 cpm. The background counts measured in the assay averaged at 

approximately 500 cpm.

2.12.2 EXPERIMENTS TO SHOW T»E EFFECT OF AMMONIUM SULPHATE ON THE 

BIURET ASSAY

Increasing final concentrations of ammonium sulphate were added 

to different volumes of a series of standard solutions of B3A (lOmg/ml). 

Three experiments were carried out in duplicate. A solu:ion of 10C-4 

saturated ammonium sulphate was prepared and from this, dilutions of 25%, 

50% and 75% saturated ammonium sulphate solutions were prepared. The 

volumes of individual components used were as for the Biuret assay 

described in section 2.13.1. The ammonium sulphate replaced water as 

diluent for BSA standard solutions.

2.12.3 PROCEDURE TO SHOW THE EFFECTS OK EDTA AND

CaCl2 ON THE CHELEX-100 UPTAKE

OF 45C«C12

The Chelex-assay was carried out as described in Section 2.4. The 

effect of EDTA and CaCl2 on the Chelex-100 resin uptake of CaCl2 was 

measured using 15mM Tris, ImM EDTA pH 8,0 and O m M  Tris, 5mM CaCl^ 

pH 8,0 which replaced normal buffer in assay. For the total and 

background tubes, H2O replaced all buffer solutions.

2.13 METHOD OF PROTEIN DETERMINATION

Four methods of protein determination were used.
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2.13.1 BIURET ASSAY (Gornall, et al, 1949)

A standard protein solution of bovine serum albumin (BSA) 

(lOm^/ml) in saline (0,9%) was made up. Biuret reagent was prepared by 

dissolving l,5g CuSO^.Sl^O and 6,0g cf sodium potassium tartrate in 

500ml of ^ 0 .  To this was added 300ml of 10% (w/v) NaOH from 50% 

carbonate free NaOH stock solution. For the measurement of protein 

content, varying amounts 0 £ Standard (0-0,8ml) were added to different 

itiw. tubes. The standards and likewise unknown samples were all made up 

to final volume of 0,8ml. 2,0ml of Biuret reagent was added to standards 

and unknowns t' nake up a final volume of 2,8ml. Samples were then left 

for 30 min and read at 540 nm on a spectrophotometer. (See appendix I 

for a representative standard curve).

2.13.2 LOWKY-FQL IN ASSAY (Lowry et al, 1951)

A range of protein concentrations was made by pipetting 10, 20, 30 

and 40 /ul of bovine serum albumin (BSA) (lmg/ml) into test tubes. Each 

of these standards was made up to 0,500ml with H^O. To each of the 

test tubes containing either sample or standard was added 2,5ml of a 

mixture prepared by combining 0,5% CuSO^ (1,0ml) plus IX NajCO-j in 

0,01N NaOH, 0,lg sodium potassium tartrate (50ml). The samples and 

standards were then mixed and left to stand at room temperature for 10 

min. After 10 min, 0,25ml of 1:1 Lowry Folin Reagent and H^0 was added 

to each tube and immediately mixed. The tubes were then left in the dark 

at room temperature for 30 min and read on a Gilford spectrophotometer at 

750nm. (See appendix I for representative standard curve).



2.13.3 BIORAD ASSAY (Bradford, 1976)

This protein determination method was carried out as described in 

the Biorad Booklet (Biorad Instruments). The standard protein solutions 

(macro method) were made up by preparing dilutions of protein standards 

containing from lmg - 5mg/ml (BSA) and 0,01ml of each standard and 

appropriately diluted samples were used. The colour reagent was firstly 

filtered and 5ml was then added to all test and standard samples, left to 

stand for 5 to 10 min and then read on a spectrophotometer at 595nm. (See 

appendix I for standard curve).

2.13.4 ABSORBANCE METHOD (Murphy and Kies, 1960)

The method involves the estimation of protein content in solution 

at 280nm. All proteins exhibit an absorption band at 280nm primarily due 

to the presence of tyrosine and tryprophan residues. Therefore, for 

qualitative evaluation of the presence of protein in a particular 

fraction, the absorbance at 280nm was used as a rapid method of protein 

estimation.
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CHAPTER 3

RESULTS

3.1 PURIFICATION PROCEDURES AND EVALUATION OK PURIFICATION

The following results pertain to the various purification 

procedures employed to isolate the baboon CaBP. An evaluation of the 

procedures is shown, indicating which was the preferred one.

3.1.1 AMMONIUM SULPHATE FRACTIONATION OF BABOON INTESTINAL MUCOJAL EXTRACT

Mucosal scrapings were prepared and processed tor purification as 

described in Section 2.1 and 2.1.1. Assessment of the purification was 

carried out by Biuret protein assay, and the calcium binding assay 

(Chelex method). The results of the purification of the CaBP from the 

baboon intestinal mucosa by ammonium sulphate fractionation are shown 

below in Table 4. It is evident from the table that the 0-75% 

(NH^^SO^ supernatant traction showed the highest specific 

activity. This fraction was purified approximately 20-fold. The two 

protein precipitate fractions showed negligable degrees of purification 

over the crude material. In Table 4, a loss of protein is indicated 

which could have resulted from non-specific protein interfering in 

Chelex-100 assay thus showing lower binding.



TABLE A: PURIFICATION OF CRUDE MUCOSAL EXTRACT BY AMMONIUM SULPHATE FRACTIONATION

FRACTION VOLUME PROTEIN UNITS TOTAL UNITS UNITS YIELD
(ml)_______ (mg/ml) (cpm/ml)__________________ (cpm/mg)______ %

Supernatant of
crude homogenate 165 8,05 19785 326A525 2A57,8 100

Supernatant from
0 - 75%(NH4)2S04 130 0,28 13925 1810250 A9732.1 55,5
Fractionation

Precipitate after
75X(NHA)2S04 110 7,97 11900 1309000 1A9A.9 A0,1
Fractionation

Supernatant from
75 - 99% (NH.)_SO, 52 0A 2 A
Fractionation

Precipitate after
75 - 99%(NH4 )SOa 15 2,60 10500 157500 A038.5 A,8
fractionation

PUR1FICrtlION 
(fold)

1

20,2

0,61

1, bA



77

3.1.2 HEAT PRECIPITATION OF AN EXTRACT OF BABOON INTESTINAL MUCOSA

A study to evaluate the effect of time of heating on the CaBP 

activity of a high speed supernatant of baboon intestinal mucosa was 

carried out. The method used was as described in Section 2.2.2. Protein 

concentrations and CaBP activity was determined on all the fractions.
• O o c •Figure 3 shows the effect of heating at 65 C for up to 35 min on 

protein concentration (mg/ml), CaBP activity (Ca*Pr/Ca*R) and speci£ic 

activity (Ca*Pr/Ca*R/mg protein). The figure shows that both CaBP 

activity and specific activity were maximal after heating for 20 rain. 

The specific activity increases gradually from time zero to peak at 20 

min. The CaBP activity remains unchanged for the first 10 min of heating 

and then rises over the next 10 min to peak at 20 min. The phenomenon of 

the increase in CaBP activity as well as the resulting decrease in 

activity will be discussed later. The protein content decreases rapidly 

over the firut 5 min and thereafter gradually. A 8,7-fold purification 

was achieved over the starting material after heat treatment for 20 min 

at 6 5°C.

3.1.3 pH PKECIPITAT10N PROCEDURE ON AN EXTRACT OF BABOON INTESTINAL

MUCOSA

A supernatant from the crude homogenate of baboon intestinal 

mucosa was subjected to the pH precipitation procedure as described in 

Section 2.2.3. The results obtained were found not to be useful for 

effecting purification of the baboon CaBP as the specific activity of all 

the subsequent pH treated fractions was lower than that of “.he original 

crude extract.
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Table 5 shows the comparison of the pH precipitation method versus 

ammonium sulphate rractionation. The results from the Cable clearly 

indicate that the ammonium suiphate fractionation was superior to the pH 

precipitation procedure in that the former yielded a traction with higher 

specific activity. Although the pH precipitation method proved 

unsuccessful, one further experiment was carried out using a pH 6,5 

supernatant fraction from this procedure for further purification by 

ion-exchange chromatography.

3.1.4 GEL FILTRATION CHROMATOGRAPHY USING SEPHADEX G-100

Figure 4 slows a typical elution profile of a protein fraction 

obtained by Sephadex G-100 gel chromatography which was initially 

subjected to ammonium sulphate fractionation. The result was obtained by 

loading a sample (13ml containing l,4mg/ml of protein) onto a 2,5cm X 

94cm Sephadex G-100 column. A prefraction of 155,0ml was collected. A 

total of 80 fractions of 3,3ml each were subsequently collected in this 

experiment. The void volume Vo had previously been determined to be 

168,2ml. The specific activity of the pooled and concentrated CabP peak 

was found to be 0,55 (Ca*Pr/Ca*R/mg), compared to 0,15 (Ca*Pr/Ca*K/mg) 

for the ammonium sulphate fraction (sec Table 5). This represents a 

3,7-fold increase in the purification of the protein. Overall, the 

purification obtained from the crude supernatant for both the ammonium 

sulphate fractionation and Sephadex G-100 gel chromatography was 

approximately 37-fold.



TARLE 5: COMPARISON OF THE PURIFICATION OF HIGH SPEED SUPEKNATANTS OF BABOON INTESTINAL 
MUCOSA BY AMMONIUM SULPHATE FRACTIONATION AND THE pH PuECIPITATION METHODS

FRACTION Ca*Pr/Ca*R PROTEIN CONC SPECIFIC FRACTION 
________________ ('mg /ml_)______ ACTIVITY______________

Ca*Pr/ PROTEIN CONC SPECIFIC 
Ca*R mg/ml_______ACTIVITY

Supernatant of 
crude homogenate 0,12 8,05 0,015

Supernatant of 
crude homogenate 0,115 7,45 0,015

0-75X (UH. ),SO.4 2 U
Supernatant 0,042 0,28 0,15 pH 4 Supernatant 0,03 4,7 0,006

0-751 (NH.).SO.4 2 4
Precipitate 0,002 7,96 0,0003 pH 4 Precipitate 0 8,0

75 - 9QX (NHA)2S0A 
Supernatant pH 6,5 Supernatant 0,025 3,35 0,007

75 - 991! (NH. ),SO.4 2 4
Precipitate 0,025 2,6 0,0096 pH 6,5 Precipitate 0,043 4,70 0,009

Specific Activity is defined as (Ca*Pr/Ca*R/mg protein)



C
«-

P
f 

C
«

-n

81

f  rac lirm  N u m b e r

Fig. 4: Sephadex G 100 gol f iltra tio n  ch ro m a to g ra p h y  o f a d ia lysed. 
co nco n tra ted  supe rna tan t fra c tio n  a fte r 0-75% am m on ium  su lpha te  
p re c ip ita tio n  o f a h ig h  speed supe rna tan t o f baboon  in tes tina l m ucosa 
The p lo t show s in e  p ro te in  co n te n t m easured by absorbance  at 280nm 
and C aB P a c tiv ity  (C a 'P r/C a 'R )  versus frac tio n  num ber The Ve o f the  
o lu ted  C aBP peak 349,7m l (Ve/Vo ra tio  2,08)

- 1.6

- 1.4

- 1.2

- 1.0

0.8

-  06

- 04

Ad
s 

>8
0



82

3.1.5 GEL FILTRATION CHROMATOGRAPHY USING SfcPHADKX G-75

f' Figure 5 shows the elution profile obtained from Sephadex G-75 of a

protein fraction which had been previously subjected to heat 

precipitation for a maximum period of 20 min. A 20ml sample containing 

15mg/ml of protein was loaded onto a 2,5cm X if4cm Sephadex G-75 column. 

The flow rate of the column was 0,5ml/min. A total of 80 fractions of

5,0 ml each were subsequently collected. The Vo of the column was 

determined as being 170,6ml. The specific activity of the pooled and 

concen tratc-u CaBP peak eluted from the column was found to be 0,89 

(Ca+Pr/Ca*R/mg protein) compared lo 0,13 (Ca*Pr/Ca*R/mg protein) for the 

20 min heat supernatant fraction. This represented a 6,8-fold 

purification of the protein after Sephadex G-75 chromatography. Overall, 

the purification obtained from heating and Sephadex G-75 chromatography 

was approximately 59-fold.

3.1.6 PEAK - A25 SEPHADEX lUN-EXCHANGb CHROMATOGRAPHY

A 10,0 ml aliquot of the pH 6,5 supernatant protein fraction (1,6 

mg/ml) previously subjected to pH precipitation as described in Section

2.2.3 wan loaded onto a 2,6cm X 35cm DEAfc- A25 Sephadex ion-exchange 

column. The method of application, elution and monitoring of eluted 

fractions was carried out as described in Section 2.6.1. Figure 6 shows 

the protein elution profile after DEAE-A25 Sephadex chromatography. 

There are four major protein peaks shown. The protein concentration of 

the protein peak fraction (5ml) eluted with 15mM Tris pH 8,0 containing 

5mM CaCl^ pH 8,0 was 0,3 mg/ml. The CaBP activity could not be 

determined because of the presence of EDTA but this fraction was later 

examined by non-denaturing and SDS polyacrylamide electrophoresis.
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Fig. 5: Elution pro file  of a heat precip ita ted supernatant fraction (20rnin) 
subjected to Sephadex G-75 gel filtra tion  chrom atography The p lo t 
shows the protein content measured by absorbance at 2d0nm and CaUP 
activity (C a 'P r/C a 'R ) versus fraction number The Ve of the eluted CaBP 
peak 355ml (Ve/Vo ratio 2.08)
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3.1.7 DEAE-SEPHACEL IO N -EX CHANGE CHROMATOGRAPHY

A 3, )ml sample (3,2 mg/ml) of protein sequentially subjected to 

heat purification and to Sephadex G-100 gel chromatography in 20mM Tris 

pH 7,5 containing 30mM NaCl was loaded onto a 1cm X 10cm DEAE-Sephacel 

column and elut>.d as described in Section 2.6.2. Figure 7 displays the 

protein elution profile as measured by absorbance at 280nm following 

stepwise elution firstly with 20mM Tris pH 7,5, 30mM NaCl and then the 

same buffer containing 150mM and finally 2M NaCl.

The CaBP activity of the fractions eluted with starting buffer is 

shown. The CaBP activity of tl._ pooled fractions eluted with the buffer 

containing 150mM and 2M NaCl could not be established because of the high 

ionic strength. All three protein peak fractions were later pooled 

dialysed and assessed by SDS polyacrylamide gel electrophoresis, but the 

only results seen on SDS gels were of the fraction eluted in 20mM Tris 

pH 8,0, 30mM NaCl. The peak CaBP fractions eluted in 20mM Tris pH 8,0, 

30mM NaCl were pooled as one fraction and not kept separate.

3.1.8 EVALUATION OF PURIFICATION PROCEDURES USING A PARTICULAR

PURIFICATION PROTOCOL

On the basis of the various purification procedures attempted, a 

protocol was chosen in which aliquots of a supernatant fraction of crude 

homogenate of baboon intestinal mucosa (260ml) were subjected to ammonium 

sulphate and heat fractionation. The protocol was carried out as 

described in Section 2.7. An aliquot (16ml) from t^e concentrated heat 

supernatant fraction was also subjected to Sephadex G-100 gel 

chromatofcvaphy and the resulting active fraction was then pooled and
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TABLE 6: A SUMMARY OF THE OVERALL PURIFICATION 0. THE BABOON INTESTINAL
CALCIUM BINDING PROTEIN USING THP.EE SEQUENTIAL STEPS,
SHOWING THE PURIFICATION AND SPECIFIC ACTIVITY OF THE PaOTEIN

FRACTION PROTEIN CONC. CALCIUM BIND TNG ACTIVITY SPECIFIC ACTIVITY 
_________________________(mg/ml)_____________(Ca*Pr/Ca*R)_____________(Ca«Pr/Ca«R/mg)

Supernatant crude
Homogenate 16,4 0,2 0,01

* 0 - 75% (NH4)2S04 0,4 0,20
fraction (supernatant)

20 mln Heat
precipitation 8,6 0,97 0,11
supernatant fraction

Sephadex G-100 
conccntrated
protein fraction 3,2 1,08 0,34

DEAE-Sephacel
Ion-exchange fraction 0,1 0,04 0,40

* Thie represents a 5ml aliquot from the original crude supernatant. This step is 
following three steps given below. All calculations in this step are based on this 5ml 
3.1.8.)

(PURIFICATION)
(fold)

1

16,6

9,1

28.3

33.3

distinct from the 
aliquot, (see text



TABLE 7: SUMMARY OF THE OVERALL PURIFICATION OF THE CaBP USING 3 SEQUENTIAL STEPSX 

SHOWING THF PURIFICATION AND YIELD OF THE PROTEIN

FRACTION FINAL PROTEIN CONC. UNITS/ TOTAL UNITS/ 
Volume (ml)_____ (mg/ml)_________ ml_______ Unite______ mg protein

YIELD PURIFICATION 
% (fold)

Supernatant of 
crude homogenate

0-75% (NH4)2S0A 
fractionation

20 min heat preci­
pitation supematatant 
fraction

Sephadex G-100 
Concentrated protein 
fraction

DEAE-Sephacel 
Ion-exchange Fraction

260 o 16,4 

5 + 0,4

80 ** 8,6

15 667 4 073 420 955

7 000 35 000 17 500

16 +

3 *

0,8

0.1

25 000 2 000 000 2 906

13 750 220 000 17 187

3 000 9 000 30 000

100

43,8

49,1

4,4

17,6

3,0

17,9

31,3

This represents the original crude supernatant fraction.

This fraction represents 5ml of the original crude supernatant and Is distinct from the remaining 3 
steps. Results quoted for this step are calculated on the 5ml aliquot only. The remaining 255ml 
fraction was subjected to heat fractionation.

The supernatant after heat treatment was pooled and consent;rated to 80ml. A 16ml aliquot of this was 
subjected to Sephadex G-100 gel chromatography.

A 3ml aliquot of the 16ml pooled cut* concentrated active fraction eluted off Sephadex G-100 was 
subjected to DEAE-Sephadex ion-exchange chromatography.

Both these results have been calculated for the 16ml and 3ml aliquots which were subjected to Sephadex 
G-100 gel chromatography and DEAE-Sephacel ion-exchange chromatography respectively.

In both cases, the aliquots applied were approximately one fifth of the original fractior concerned. 
The yields quoted in each case must therefore be multiplied by 5 and 5,3 respectively to _ what the 
total yield for the fractions would be (55% and 21,7% respectively).

o

+

**

+ and *

x A unit is defined as cpm/ml of supernatant fluid.
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concentrated and a 3ml aliquot from this was subjected to DEAF.-Saphace» 

ion-exchange chromatography. The results are shown in Tables 6 and 7 and 

are expressed in two different ways. Table 6 shows changes in specific 

activity and purification of the fractions as measured by the Chelex-lOO 

assay. Table 7 shows the yield and purification of the tractions 

containing CaBP. It is evident from the two tables, that the magnitude 

of the results obtained in the purification procedure are not quite 

similar even though they are expressed in the two different units.

In both Table 6 and Table 7, the ammonium sulphate result is 

present for comparative purposes and is not part of the overall 

purification. In Table 6 the ammonium sulphate fraction showed that a 

high degree of purification had been achieved (ubout 16-fold). By 

comparison the heat treated supernatant fraction dec.onstrated a lower 

specific activity that is the purification was only 9,1-fold. The heat 

purified fraction after Sephadex G- 00 gel chromatography showed a 3,1- 

fold increase in specific activity and LiEAE-Sephace 1 ion-exchange 

chromatography achieved a further 1,2-fold purification over the Sephadex 

G-100 fraction, thus giving an overall purification of 33,3-fold over the 

crude mucosal extract.

As with Table 6, overall purification of CaBP shown in Table 7 was 

achiov*»d throrgh Sephadex G-100 gel chromatography with a purification of 

5,9-fold over the heat precipitation fraction. A 1,7-fold purification 

was achieveu through ion-exchange chromatography over the fraction 

chromatographed on Sephadex G-100 chromatography. Overall, the 

purification achieved was shown to be 3i,3-fold. These are the 

differences.
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3.1.9 ASSESSMENT OK PURIFICATION PROCEDURES AS ANALYSED BY ANALYTICAL

(NON-DENATURING) POLYACRYLAMIDE (,EL ELECTROPHORESIS

Polyacrylamide gel electrophoresis was carried out as described in 

Section 2.8. Figure 8 shows the electrophoretic separation on 

non-denaturing electrophoresis using a 10% slab gel of protein samples 

purified by Sephadex G-100 gel chromatography, a pH o,5 precipitate 

fraction, a concentrated pH 6,5 supernatant fraction and a fraction of 

protein after DEAE-A25 ion-exchange chr natography. The results 

indicated a single band of protein in the frawLion after off the DEAE-A25 

Sephadex ion-exchange resin. The single band shown in .veils A to 6 does 

not seem to correspond to any bands seen in wells 1 - 3 .  The appearance 

of multiple bands seen in wells 1 - 3  indicated that the fractions in 

question were impure. Furthermore the appearance of a single band seen 

in wells 4 - 6  would imply the possibility of a pure protvin. SDS 

electrophoresis of this fraction (not shown), however, revealed t number

• f bands. The latter result will be discussed later.

■'.1.10 DENS I TO METRIC SCANS OF 10% NON-DENATURING POLYACRY LAM 1DE ROD CELS

In a separate experiment varying amounts (5 - 80 /ig) of the protein 

fractions obtained from DKAE-A25 ion-exchange chromatography were also 

subjected to discontinous, non-denaturing 10% rod polyacrylamidc gel 

electrophoresic. The stained gels were scanned on a gel scannor and the 

scans can be seen in Figure 9. The results showed a single pro'«iin band 

in all cases with the exception of the 3 gels which were loaded «*ith 40, 

60 and 80 ^  of protein. These scans showed the presence of one 

additional protein band. In each case, the top of the gel is on the 

R.H.S. and the bottom of the <<el on the L.H.S. The patterns bei w each 

of the scans are the integration patterns.



Fig. 8: N o n -d e na tu ring  p o lya c ry la m id e  qel e le c tro p h o re s i? o n  a 10% slpb 
gel P ro te in  sam ples w ere  p u rifio d  by Sephadex G -100  gel ch ro m a to ­
g raphy (W oll 1). pH<vfprecip itate (W ell 2), pH<tfsupernatan t (W ell 3). and 
D EA E -A 25 Sephadex to n -e x c h a n je  c .rom nM graphy (W ells 4, 5 and 6)



Fig.t: Dc 'iitometrit. sennit of pro tum  s U im iij disc <’ 'tmuous poly 
•cry amide rod gain The lod gels (10%) were run u idoi non-denatur r 
conditions Tne am ount o l p ro te in  app lied  to  each ot the gels acanm  % 
ranged Irom fyjg B0>jg P ro te in  c o n c e n tra t io n  (1^fi/^j|)



93

3.1.11 ASSESSMEN HY COUNTER- ION ELECTRONHORES IS UF CaBP FRACTIONS AFTER 

SEFHAUEX G-100 CEl. CHROMA IOC RAF HY

Using the method described in Section 2.9 samples of protein

collected after Sephadex G-100 gel chromatography were subjected to

counter-ion electrophoresis. Figure 10 depicts graphically a CaBP peak

which was detected 48mm front the origin on 7,5% non-denaturing

polyacrylamide gels in two separate experiments. CaBP activity

correlated with a specific protein staining band on gels run in duplicate

but not shown here. The graph also depicts a radioactive peak wl ich

corresponds to the bromopheno1-blue dye front. In one run (II), there is
2*also a large peak of C« binding at the top of the gel.

3.1.12 EVALUATION BY SDS POLYACRVLAM1UE GEL ELECTROPHORESIS OF A 3 STEP 

SEQUENTIAL PURIFICATION PROTOCOL

The protein fractions obtained from the various purification 

procedures are described in Section 2.7. The purified protein fraction 

from each of the procedures was electrophoresed on a 12,5% SDS 

polyacrylamide slab gel containing 6,4% glycerol in the separating gel.

Between 20 to 60 fig of protein was loaded onto the gel. The results are 

shown in Figure 11. The results show that after the purification with 

DEAE-Sephacel ion-exchange chromatography two sets of doublet protein 

staining bands are evident. These two sets of doublets are also evident 

in the Sephadex G-100 fraction. The firct doublet of protein was found 

to be reAolvca between cytochrome c and aprotinin. The second protein 

doublet seen in the UEAE-Sephace1 fraction, was r< olved below aprotinin.
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A  Run I

®  Run II

Gel »li(.o No |3n m tm.as)

Fig. 10: Counter-ion electrophorusis on pooled and active protein 
samples off Sephadex Q-100 gel chromatography showing the detection 
of calcium binding peaks at 40mm from tho point of application The plot 
represents two experiments tun on d iffm unt protein fractions
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A  Run I

®  Pun I

(lot ilice No (3mm ilicnt)

Fig. 10: Counter-ion electrophoresis on pooled and active prole in 
samples o 11 Sephadex Q -100 gel chromatography showing the detection 
of calcium binding peaks at 48mm from the point of application The plot 
represents two experiments run on different protein fractions
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O va lbum in
43000

.  T ryps in  in h ib ito r  20100

- L ya o iym e  14300
-  C y to ch rom e  w 12500

- A p ro tin in  6000

Fig. 11: SDS po lyacry lam ide  gel e lectropho res is  on 12,5%gel of d iffe ren t 
p ro te in  frac tions , as described in section 2 10 These were crude  
hcm ogena te  (Well 1), supernatan t o f crude nom ogenate  (Well 2), heat 
p re c ip ita tion  s u p e rn a tin t frac tion  (W ell 3), (NH«), S 0 4 supernatant 
fraction  (0-75%) (V.'ell 4), Sephadex G -100 gel ch ro m a tog raphy (Well 5), 
DEAE-Sephacel ion exchange ch rom a tog raphy (Weil 6), low  m olecu lar 
w e igh t m arker p ro te ins (6000-43000 daltons) (Wells 7 and 8)



96

The latter result is also seen in Well 3. Well 4 has singlet of low 

molecular weight. The purification achieved from the crude material is 

evident by the disappearance of the larger molecular weight proteins 

after Sephadex G-100 gel chromatography. The (NH^^SO^ fraction as 

seen in the gel is very pure. The standards have resolved th mselves 

clearly especially the low molecular standards, namely, (cytochrome c and 

aprot inin).

3.2.0 DETERMINATION OF THE MOLECULAR WEIGHT UF THE INTES1INAL CaBP

In addition to the use of the Sephadex gel filtration 

chromatography for protein purification the results obtained trom the 

calibrated column^ were also used to estimate the molecular weight of the 

CaBP. Furthermore, the techniques of SDS PAGE and HPLC were also used to 

estimate the molecular weight of Cue Cm oF.

3.2.1 CALIBRATION OF SEPHADEX G-100 AND SEPHADEX C-75 CHROMATOGFAPHY

COLUMNS

Both columns were calibrated as described in Section 2.3.1. The 

log molecular weight versus the Ve/Vo ratios for each of the molecular 

weight protein standards was plotted for each column. Figure 12 shows 

thj resultant calibration curves for both Sephadex G-100 and Sephadex 

G-75. The calibration curves were both linear, although not in the range 

to determine the molecular weight of CaBP accurately. The lines were 

thus extrapolated to theit origins.
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Fig. 12: The p lo t o f V e /V o versus log  M o lecu la r w e ig h t fo r s tandard  
m o lecu la r w e ig h t m arker p ro te ins  ch ro m a to g rap he d  on Sephadex G -100 
and S ephadex G -75 co lum ns. The c a lib ra tio n  curves are both  show n to 
be linear. M o lecu la r w e igh t m arkers used as described  in section  2.3.1 
are show n in the figure .
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3.2.2 MOLECULAR WEIGHT OF CaBP DETERMINED FROM SEPHADEX C-lOO/G-75 GEL

CHROMATOGRAPHY COLUMNS

A 22,0ml protein sample (0,4mg/ml) was loaded onto a calibrated 

Sephadex G-100 column as determined in Section 2.3.1. Figure 13 shows 

the resultant elution profile of this fraction after Sephadex G-100 gel 

chromatography. It should be noted that the protein profile in Figure 13 

represents an atypical chromatographic separation when compared to 

subsequent experiments. However, the CaBP activity was always eluted 

with a Ve/Vo of about 2,09 in all cases. In this experiment a peak of 

CaBP was eluted at 352,5ml. Assuming that the extrapolated calibration 

line was linear (which was not shown experimentally) the protein was 

found to have a molecular weight of about 11 900 daltons.

A more typical elution profile of a similar protein fraction can 

be seen in Figure 4, where the Ve/Vo of the major calcium binding peak 

was found to be 2,08 which is similar to the result described above. The 

reason for the discrepancy in the protein profiles will be discussed 

later.

The molecular weight of the Ca iP wad also determined on a 

calibrated Sephadex G-75. The CaBP was loaded and eluted as described in 

Section 2.3.1. A typical result is one shown in Figure 5. Once again 

the Ve/Vo ratio of the active peak fraction was outside the range of the 

proven linear curve. Assuming that the extrapolated line was linear, 

(which was not shown experimentally) the protein was found to have a 

molecular weight of 11 220 daltons.
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Fig. 13: Sephadex G -100 gel f iltra tio n  ch ro m a to g ra p h y  o f a 0-75% 
am m on ium  su lpha te  supe rna tan t fra c tio n  The p lo t show s p ro te in  
co n te n t m easured by absorbance  at 280nm  and CaBP ac tiv ity  
(C a 'P r/C a 'R )  versus frac tio n  num ber. The Ve o f e lu ted  peak 352,5m! 
(Ve/Vo ?,09)
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