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to result from read - through of the 1 )eaky' UGA stop signal. In my 

opinion this might provide some justification for the existence of the 

protein doublet as shown here on SDS polyacrylamide gel electrophoresis.

The deduced amino acid sequence for the 9 000 dalton CaBP contains 

the two 'EF hand1 domains described by Meows and Kretsinger, (1975/ 

corresponding to calcium binding sites 1 and II described by Desplan 

et al, (1983b). The homology obtained between the site I structure and 

the sequence K  ated just before and after the first TGA stop codon 

suggests, after com arison with the structure of other intracellular 

CaBPs described by Kretsinger (1976) and Meows and Kretsinger, (1975), 

that the rat 9 000 dalton CaBP mKNA contains the remains of an 

untranslated structure calcium binding site III. Thus in the rat, the 

9 000 dalton CaBP could be the result of early termination of the 

translation of a vitamin D-induced larger molecule containing four 

calcium binding sites such as the 28 000 dalton CaBP found in rat kidney 

and cerebellum. The 9 000 dalton CaBP has been shown to contain only two 

binding domains.

This evidence could also possibly be used as a guide to determine the 

existence of the large and small proteins shown here on SDS polyarylamide 

gel electrophoresis. However no data is available for the baboon to 

suggest that the small molecular weight proteins result from early 

termination of translation of a larger CaBP. The data presented by 

Perret etal, (1985b) might explain the results shown by Davie, (1981) 

where he showed the formation of a 12-13 000 dalton fraction which he 

described as being associated with a decline in the 28 000 dalton CaBP 

fraction. The 12-13 000 dalton fraction also contained two distinct 

CaCPs.
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The suggestion of early termination of translation resulting in a 

small CaBP instead of a larger one could very well explain the results 

shown by Alpers et al, (1972) where the authors indent if led two CaBPs 

from human small intestine, one slightly larger than the other with 

molecular a weight of approximately 20 000 daltons. Delorme et al, 

(1983) also reported evidence for the presence of two vitamin D-dependent 

CaBPs in the mouse kidney. One of these had a molecular weight of 25 000 

daltons and the other a lolecular weight of 10 000 daltons. Both 

proteins were shown to be vitamin D-dependtnt and were distinct from each 

other with respect to their pi values. Alpers et al, (1930) showed the 

presence of two vitamin D-dependent CaBPs from intestinal mucosa of 

dogs. It was again demonstrated that there existed a large 57 000 aalton 

protein as well as a smaller 19 000 dalton protein. It was however 

stated that thu^* proteins eminated from different parts of the GIT. The 

new evidence by Perret et al, (1985b) could possibly explain the 

existence of the multiple proreins in different tissues of different 

mammalian species. Thus, the recent evidence described in the area of 

molecular biology could well answer the many unanswered questions as to 

whether one or two CaBPs exist in specific tissues, in this case the 

baboon intestine.

In a recent publication by Perret et al, (1985b), their results 

demonstrated that the same CaBP mRNA species is expressed throughout the 

digestive tract of the rat. There were however significant differences 

in the expression of the gene for the 9 000 dalton CaBP and in its 

regulation by 1,25 dihydroxycholecalciferol from one segment to another. 

The highest concentration of CaBP mRNA occurred in the duodenum, proximal 

jejunum and caecum. Lower levels of CaBP mRNA were shown to exist in the 

ileum. (Taylor at ill, 1984). The evidence of the different 

concentration of CaBP clarifies the evidence by Wasserman et al, (1968)
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where the concentration of the CaBP was shown to decrease in the order of 

duodenum > jejunum >ileum in the chick. It is interesting at this stage 

to point out that in the chick, nc reports of small and large CaBPs have 

been reported. This could have evolutionary significance as will be 

discussed later.

Two smaller molecular weight component shown here on the 12,5% SUS 

gel migrated to a R^ less than the 6 000 daltons. This protein doublet 

could well have resulted from prote se digestion. It has also been shown 

by Bryant and Andrews, (1983) that when Ca-liganded proteins were stored 

at - 10°C in solution for long period (up to 6 months) and thawed, the 

presence of an additional two faint protein staining bands in 

electrophoresis were seen, whereas initially there had only been one 

band. When CaBPs were stored at 4°C however, and then thawed, no 

degradation was shown to be evident. Such changes in storage are also 

well documented for the bovine CaBP (Fullmer and W&sserman, 1981). These 

could be the reasons for the small protein doublet with Rf less than 

6 000 daltons. As was quoted in the methods and results section, the 

12,5% SDS gel contained a low percentage of glycerol in the separating 

gel which increased the resolving power of tbs gel. The glycerol 

possibly decreases the amount of free water space in the separating gel 

which limits the space in which the protein can migrate thus enabling the 

protein to be resolved from the dye front.

Purified baboon CaBP fractions from Sephadex C-100 gel chromatography 

were also assessed by a novel method of counter-ion electrophoresis. 

This mrthod of electrophorcsis was developed by Ueng and Hronner, (1979) 

and was used to detect the presence of the rat intestinal CaBP in eluted 

fractions. Th’s technique which has only been reported once in the 

literature by these researchers proved to be successful in identifying
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the presence of the baboon CaBP as well as highlighting the vitamin 

D-dependency of this CaBP.

The molecular weight of the intestinal CaBP was measured by three 

different methods name-y Sephadex gel chromatography, SDS polyacrylamide 

gel electrophoresis and HPLC analysis. None of the methods yielded an 

accurate value because of the limitat\ons of the separation techniques 

used. The molecular weight of protein determined by Sephadex G-100 gel 

chromatography was found to be approximately 11 900 daltons. This value 

is an approximation because the CaBP protein eluted was shown to be 

smaller th.in the smallest molecular weight marker used on the calibration 

curve, namely, cytochrome c. The molecular weight of the intestinal CaBP 

protein was also determined by Sephadex G-75 gel chromatography. A 

protein of molecular weight of approximately 11 220 daltons was 

determined. Clearly, for accurate measurement of the molecular weight of 

the CaBP, lower molecular weight standards should have been used such as 

aprotinin or insulin. The molecular weight of the baboon CaBP determined 

by Sephadex gel chromatography in the studies here are in approximate 

agreement with results shown by Fullmer and Wasseman, ( 1975) for five 

mammalian intestinal CaBPs, as well as results reported for the rat by 

Gleason and Lankford, (1981).

An anomalous chromatographic protein profile ehown in Figure 13 wac 

compared to numerous other experiments using Sephadex G-100. In Figure 

13 a CaBP peak is eluted very close to a large protein peak ot 

approximately 20 000 daltons (Ve/Vo ■ 1,80). Although the CaBP peak was 

eluced in tha same place in all subsequent experiments, the major protein 

component eluted much earlier from these columns. This anomalous result 

was not observed in any of the subsequent chromatographic separations. 

The reason for this anomalous result could have been due to proleolytic
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degradation and/or disaggregation of the protein, causing it to be eluted 

later with a smaller molecular weight as shown.

The molecular weight of the CaBP was also determined by SDS gel 

electrophoresis. Thu estimated molecular weights of the two bands shown 

in Figure 11 were between 11 - 12 500 daltons. The graph of versus 

molecular weight showed that the region between cytochrome c (12 500 

daltons) and aprotinin (6 000 drltons) was non-1inear+thus this again is 

an estimation only. The approximate molecular weight of 11-12 500 CaBP 

determined by SDS electrophoresis is similar to other mammalian 

intestinal CaBPs described and discussed earlier in this dissertation. 

HPLC was aleo used as a technique to determine the molecular weight of 

the baboon intestinal CaBP. The method of the HPLC has to date been used 

to identify the amino acid composition of the CaBP (Fullmer and 

Wasserman, 1979) and very recently was used after tryptic digestion of 

rat skin extract to determine the composition of the rat skin CaBP. HPLC 

has yet however to be used in the determination of the molecular weight 

of the intact active molecules (MacManus et al, 1965). The protein 

columns used in this study had limitations in that the low molecular 

marker proteins could not be reuolved, thus detracting from an accurate 

assessement of the molecular weight. A purified protein was eluted which 

had no biological activity, thus the merits of this procedure are in 

doubt.

Experiments involving isolation and partial purification of the 

intestial CaBP from baboons on different diets demonstrated the vitamin 

D-depend^ncy of the CaBP. The animals on the vitamin D-deficient diets 

(groups I and II) fox fourteen months, showed biochemical, radiological 

and histological signs of rickets (Pettifor et al, 19bl).
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Mucosal extracts from groups I, II, III and V were treated es 

described In Section 2.1, 2.1.1 and 2.3.2. The CaBP activity was evident 

In the Intestinal mucosa of three of the four groups of animais. The 

most Important result obtained from these dietary experiments was the 

absence of CaBP activity in the Group II animals when compared to the 

Group V or control animals. This result thus provides evidence for the 

vitamin D-dependency of the the baboon intestinal protein. Although the 

results indicate Increased CaBP activity in Group III mucosal extracts 

after Sephadex G-100 gel chromatography, a comparison of the ratios of 

the CaBP activity to absorbance at 280mm for Group V and Group III 

animals showed no real difference for the two groups as shown in Table 

8. The Increased CaBP activity in the extracts from Group III animals 

could have significant, as a diet low in calcium is supposed to stimulate 

production of l^SCOHj^D^ which leads to translation of CaEP. The 

results reported here unfortunately did not highlight this. CaBP 

activity shown for the Group 1 animals on vitamin D-deflclent diets plus 

phosphate is an interesting result. Phosphate has been reported to 

stimulate production of l^SCOH^D^ via renal Vitamin D hydroxylnse 

and thus the small amount of CaBP Is translated. (Norman, 1979; Rosa and 

Henry, 1979; Fraser, 1980; Norman et al, 1982).

Ihe method of counter-ion electrophoresis was used to confirm the 

presence or absence of the CaBP. The results confirmed the previous 

finding using Sephadex G-100 chromatography. The presence of CaBP 

activity for groups I, 111 and V and the absence of binding for group II 

was clearly shown. This result thus confirms the vitamin D-dependency of 

the protein.
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Mucosal extracts from groups 1, II, III and V were treated as 

described in Section 2.1, 2.1.1 and 2.3.2. The CaBP activity was evident 

in the intestinal mucosa of three of the four groups of animals. The 

most Important result obtained from these dietary experiments was the 

absence of CaBP activity in the Group II animals when compared to the 

Group V or control animals. This result thus provides evidence for the 

vitamin D-dependency of the the baboon intestinal protein. Although the 

results Indicate increased CaBP activity in Group III mucoBal extracts 

after Sephadex G-100 gel chromatography, a comparison of the ratios cf 

the CaBP activity to absorbance at 260mm for Group V and Group III 

animals showed no real difference for the two groups as shown in Table 
*

8. The increased CaBP activity In the extracts from Group III animals 

could have significant, as a diet low in calcium 1b supposed to stimulate 

production of which leads to translation of CaBP. The

results reported here unfortunately did not highlight this. CaBP 

activity shown for the Group 1 animals on vitamin D-deficient diets plus 

phosphate is an interesting result. Phosphate U.<is been reported to 

stimulate production of l^SCOH^D^ via renal Vitamin D hydroxylase 

and thuB the small amount of CaBI* Is translated. (Norman, 1979; Ross and 

Henry, 1979; Fraser, 1980; Nunnen et al, 1982).

The method of counter-ion electrophoresis was used to confirm the 

presence or absence of the CaBP. The results confirmed the previous 

finding using Sephadex G-100 chromatography. The presence of CaBP 

activity for groups I, III and V anr the absence of binding for group II 

wrs clearly shown. This result thus confirms the vltiimin D-dependency of 

the protein.
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The baboon intestinal CaBP has also been isolated by Gleason anti 

Lankford (1982). Their study showed that the baboon intestinal protein 

had similar electrophoretic behaviour, when compared to CaBPs isolated 

from other mammals excepting for the rat. The study however tailed to 

establish both the molecular weight and the vitamin D-dependency of the 

protein.

The data thus far reported in this dissertation indicate that the 

baboon intestinal CaBP, like those described for many other animals, 

contains at at least one or maybe two low molecular weight CaBPs which 

i:/sre Vltftain D-d®pendent. The baboon CaBP was also found by Ross et 

al, (unpublished) to have a pi of 4,2 which would seem to compare 

quantitatively with the data described for the mouse 10 000 dalton 

intestinal CaBP. These results constitute the first definitive report on 

both molecular weight and vitamin 0-dependency of an intestinal CaBP from 

a higher piimate.

Throughout tr.e course of thiB **aearch work certain problems were 

experienced with the methodology. Initially, data obtained by the 

Chelex-assay and Biuret assays were inconsistent and the possible 

presence of ammonium sulphate contamination was considered. It was thus 

decided to investigate the anomalies in these two important assays. The 

effects of ammonium sulphate on these assays wete subsequently studied.

In the first experiment in which increasing concentrations of 

ammonium sulphate caused decreases in the percentage of the total counts 

measured in the absence of CaBP, the inhibition was caused by the 

ammonium sulphate in the system. The ammonium sulphate of higher 

concentrations might have caused quenching to occur, hence the decreased
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counts. In the second experiment increasing concentrations of ammonium
45

sulphate could have displaced CaC^ from the CaBP thus producing a 

decrease in the counts observed. This led to an underestimation of CabP 

activity in the presence of a fin_l ammonium sulphate concentration of 

ammonium sulphate. The decrease in counts which was maximal at an 

ammonium sulphate concentration of about HOX could also have occurred due 

to the precipitation of some of the CaBP.

45The large increase in counts of CaCl^ observed in the 

supernatant of the background tubes could be explained in that the 

increasing concentration of ammonium sulphate inhibits the binding of 
45CaCl^ with the Chelcx-resin. The reason tor the subsequent 

de.rease in the counts after an inir.ial large increase cannot be 

explained. The experiments thus showed the need for all fractions 

containing ammonium sulphate to be thoroughly dialysed before assessing 

CaBP activity.

A similar set of experiments was also carried out to determine th'i 

effect of increasing concentrations of ammonium sulphate on the Biuret 

assay. It was shown that in he Biuret assay increasing concentrations 

of ammonium sulphate in the presence of varying amounts of standard 

protein BSA (lOmg/ml) caused changes in absorbance readings and 

consequently decreases in the measured protein concentrations. This was 

however not true for all protein concentrations and was most significant 

in the case where equal quantities of protein and ammonium sulphate were 

used. The decreane in protein content from 4mg/ml to 2ing/ml represents a 

50% decrease. This occurred at a final ammonium sulphate concentration 

of between 75 and 99%. The reason for this phenomenon as well as the 

outer resulto cannot be explained. All protein samples were subsequently 

thoroughly dialysed before being analysed by the Biuret Assay.
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Finally, an experiment to examine the effects of using buffers

containing EDTA »nd CaC^ on the Chelex assay were carried out. The

d.̂ ta seemed t i-dicate that EDTA has a higher binding cffinity tor

Ca++ than ‘e iex-res in, as the results indicated that nearly

50% of ciu r  ’•'d in supernatant in the presence of EDTA. In

contrast, the buffe containing CaCl., merely caused changes in the

specific activity of the isotope and showed no significant effect on the

counts remaining in the supernatant. The presence of the CaCl^ in the

buffer thus slightly decreases the capacity of the Chelex-resin for 
45binding CaCLj thus giving a slightly higher result than that shown 

for the background counts.

Four methods of protein determinations were used. The reason for 

using the three major assays was to find the method with the least 

variation and the one with tue highest degree of accuracy. The Bio-Rad 

assay ia much quicker than l.ip Lowry assay (5 min as apposed to 30-40 

min) and only requires one reagent compared to th’-ee. The Bio-R«.d assay 

is also free from most of the chemical interferences which limit the 

Lowry assay and the Liuret assay. This last point is especially true tor 

interftrsnce of ammonium sulphate and EDTA. The Biuret, Lowry and 

Bio-Rad assays were however used for protein determination in this work, 

with the last two showing fewer inconsistencies. The absorbance method 

was used for quick determination of protein content during 

chromatographic experiments.

In summary, although the baboon intestinal CaBP has been only 

partially purified, the new data established will substantiate the 

evidence already reported for the low molecular weight CaBPs in mammals. 

The presence of a doublet of low molecular weight clearly needs further 

investigation. The molecular weiglt of the intestinal CaBP reported here
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agrees well with those reported for the guinea pig, cow, pig, horse, 

mouse and rat. The vitamin D-depeadency of the CaBP has been shown In a 

number of animals Including the calf, mouse, rat and dog but has not been 

shown for the baboon Intestinal CaBP.

The dissertation has shown that there are still many areas that need 

clarification in regard to the physiological, biochemical 

characterisation and vitamin D-dependency of this family of proteins 

under study. Although not discussed or researched here, the functional 

.‘ole that the Intestinal CaBP plays in the area of molecular biology and 

its relationship to role CaBP p’ays in calcium transport neeas more 

investigation. From the information discussed In this dissertation, some 

interesting patterns seem to have emerged, although more data would be 

required to verify these. It appears that the avian species and those 

lower on the evolutionary scale the amphibians, have intestinal CaBPs of 

molecular weights of about 28 000 daltons. The prominent mammalian 

Intestinal CaBPs thus far studied have molecular weights of about 11 000 

daltons, i.e. less than one half of their avian counterparts. ‘rhe 

molecular size of the kidney CaBP does not seem to vary with species. 

Molecular \ -ights similar to the size reported for the chick CaPB are the 

rat and human Cht’Bs.

Thus, the indication is that the intestinal CaBP seems to have been 

modified during evolution, yielding a protein of less than one half the 

size of the chick protein. In the kidney, either the 28 000 dalton type 

persisted from avian to mammalian species or the 11 000 dalton Intestinal
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type evolved. Recent evidence by Perret et al, (i98ba) revealed the 

absence of cross-hybridisation between intestinal CaBPs and kidney and 

cerebellar forms. This evidence clearly indicates the lack of homology 

between CaBPs from different tissues. Thus, the idea of early 

termination of translation of a larger protein resulting in the 

appearance of a smaller prot«in might possibly only occur if the CaBPs 

originate from the same tissue type. The reason for the apparent 

difference in the nature of the kidney protein during evolution has until 

now not been addressed. It also seems that antisera produced against the 

different mammalian intestinal CaBPs are not species specific as 

denons trated by Rhoten et al, (1984) for the green anole and the rat 

kidney.

If this pattern of antigenic reactivity and molecular size holds as 

more information becomes available, it would suggest that the larger CaBP 

represents a more primitive type of intestinal protein whereas the more 

highly evolved smaller variety is capable of functioning at one half to 

one third of its molecular size. Research by Perret et al, (1985a) 

showed thfct the lack of homology is not consistent with the previously 

reported model for the evolution of intracellular CaoPs by Desplan et al, 

(1983b). The 9 000 dalton CaBP could have arisen as the result of 

transcription of a larger molecule containing 4 calcium binding sites, 

with subseque gene duplication of tnis sequence. But to be consistent 

with the observed lack of cross-hybridisation this event must have 

occurred early in their evolutionary development, si ce early time they 

have diverged independently. The addition of the two bases at positions 

216 and 23r, required to maximize the homology I : tween site-I and 

site-III- like structure described by Desplan et al, (1983b), supports 

such a divergence. A fortiori mRNAs of other members of the 

intracellular CaBP family, such as calmodulin and troponin C (Means and
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Kretsinger, 1975 ; Kretsinger, 19/M, could not hybridise since their 

evolutionary divergence probably begai. even earlier than that of the 

28 000 dalton and 9 000 dalton CaBPs.

The existence of a large primitive and a small highly evolved CaBP, 

however, would be difficult to explain when one considers that the human 

CaBPs so far isolated and characterised exist in both the small as well 

as the l^rge molecular weight forms in the same tissues. Man in 

comparison to amphibian, avian and lower mammalian species is highly 

evolved and therefore retention of the high ar.d low molecular weight 

proteins could he due to adaptation through the evolut. nary cycle.

In summary, although the baboon intestinal CaBP has only been 

partially purified, the new data established with regard to the vitamin D 

dependency as well as ideas on the evolutionary development would add to 

the vast knowledge already in existence for these (aBIN. The new

information generated by this research will hopefully serve to clarify 

some of the unsubstantiated data existing on the molecular s ze, number 

of proteins in a particular tissue as well as the vitamin D-dependency in 

higher mammals such as primates, with special reference to man.
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CHAPTER 5 

APPENDIX 1

The protein curves shown below are representative of typical assays 
performed during experimentation

TABLE 12: STANLARD BIURET ASSAY

STANDARD Cone.
TUBE NO SOLUTION(ml) Av.Abs. (mg/ml.)

1 0,8 0,560 8
2 0,6 0,465 6
3 0,5 0,375 5
4 0,4 0,320 4
5 0,2 0,160 2
6 0 0 0

FIGURE 29 bhows typical standard Biuret curvt. Standard protein 
concentration of BSA (lOmg/n.l) wa us.'u..

TABLE 13: STANDARD LOWRY ASSAY

STANDARD
TUBE NO_______ SOLUTION (ml)_______ Av. Ab*. Cone. (Jlg/0,5ml)

1 0,0 0 ,0 0

2 0,005 0,075 10
3 0,01 0,130 20
4 0,015 0,195 30
5 0,02 0,250 40

FIGURE 30 Shows typical standard Lowry curve. Standard protein 
concentration of BSA (1,0 mg/ml) was used.
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Fig. 29: S tf ' id a rd  Biuret curve using BSA (10m g/m l) Plot ot Abs 540nm  
versus Protein concentration (m g/m l) is shown
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Fig. 30: Standard Lowry curve using BSA ( 1 m g /m l) Plot of Abs 650nm  
versus Protein concentration (>jg/0.5ml) is shown
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STANDARD
TUBE NO____________ SOLUTION (ml)______ A v .  Abs.____________C o n e ,  ( t i g )

TABLE 14: STANDARD BIORAD ASSAY

1 0,0 0,0
2 0,1 0,117 100
3 0,1 0,19b 200
4 o,’ 0,288 300
5 0,396 400
6 0,479 500

FIGURE 31 : Shows a typii. 1 standard Biorad curve. Standard protein 
concentrations of BSA (1-5 mg/ml) were useu.

APPENDIX II

a) Baboons maintained on specific semi-synthetic diets i C.S.1.K. 
(Pretoria)

The dietary study wan undertaken to establish the effects of cereal 
and varying dietary calcium and phot'hate content* on bone and 
mineral metabolism in baboons (Pettifor et al, 1981). The diets were 
based on a well tried semi-synthetic formula known to sustain good 
henlth and growth r^tes (Sly et al, 1980). The diet consisted of;

15Z casein
102 sugar
57,3% dextrin
10% sunflowei-jeed oil
4% vitamin mixture
3,7% mineral mixture

In the dietary experiments six groups of baboons were used. Each 
group comprised of seven animals aged between b and 12 months. All 
the baboons were males, with the exception of two animals in group 3 
which were reported to be female. The average mass of th«; animalw 
ranged from 4 - 8  Kg.
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Fig. 31: Standard Biorad curve using BSA (1 -5m g,m l) Plot of Abs 595nm  
versus Protein concentration (pg) is shown
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For Che informal on required in this dissertation, only animals 
representative of groups 1, II, III and V were used. The groups IV 
and VI dietary regimens were not of importance and therefore results 
and diets not quoted hore.

All the baboons were housed indoors in specifically designed animal 
houses. The only source of light was incandescent electric light. 
The mineral content of the four groups of baboons' diets is 
represented in Table 15 below.

TABLE 15: The calculated calcium, phosphate and vitamin D content of
the baboon diet and the sources of phosphate in diet.

Units/lOOg diet

TOTAL
PHOSPHATE PHOSPHATE

GROUP NO DIET VITAMIN D (I.U.) CALCIUM(mg) (m g) SOURCE
I (D- maize) 0 400 310 Casein ♦ 

maize

II (D-) 0 400 310 Casein ♦ 
inorganic 

salt

III <d\
Low calcium) 100 40 310 II

V (D*, noimal 
calcium
control) 100 400 310 II

All animals were sacrificed at the end of the 18 month experiment.

k) Baboons mair.tjin.il on specific diets at Department of Surety, 
University of the Witwatersrand Medical School

All the baboons were maintained on a commercially prepared diet. The 
baboons used wen; made available by the Department of burgery for 
both transplantation and CaBP studies.



CHAPTER 6 

BIBLIOGRAPHY

Artom'j, T.H. , and Norman, A.W. , J. Biol. Chem. 245, 4421 ( 1970).

Adelstein, R.S., Conti, M.A., and Pato, M.U., Ann. N.Y. Acad. Sci. >56, 
142 ( 1980).

Alpers, D.H., Grimme, N., Smith, R. and Avioii, L.H., Gastroenterology 
79, 259 (1980).

Alpers, D.H. , Lee, S.W., and Avioli, L.V., Gastroenterology 62 559 (1972).

Arnold, B.M., Kovacs, K., and Murray, T.M., Digestion 14, 77 (1976).

Avioli, L.V., and Huddad, J.G., Metab. Clin. Exp. 22, 507 (1973).

Bajaj, S.P., Butkowski, R.J., and Man, K.G., J.Biol.Chem. 250, 2150
(1974).

Baker, P.F., Symp. Soc. Exp. Biol. 30, 67 (1976).

Bar, A., Haoz A., and Hurwitc, S., FEBS lett. 102, 79 ( 1979).

Benson, B.J., Kisiel, W., and Hanahan, 0., Biochim. Biophys. Acta. 329, 
81 (1973).

Berridge, M.J. , Biochem. J. 220, 345 (1984).

Bhattacharyya, M.H., and DeLuca H.F. Arch. Biochem. Biophyu. 160, 58
(1974).

Bikle, D.B., Clin, in Gastro. 12, 379 ( 19.' 3).

Bikle, D.D. , Peck, C.C., and Holford, N.H.G., Endocrinology 111, 939 
(1982).

Bikle, D.D., Zolock, D.T., and Maissey, R.l., Ann. N.Y. Acad. Sci. 372, 
481 (1981).

152



Bishop, J.E., Hunziker, W. , and Nomian, A.W. , Biochem. Biophys. Res. 
Commun. 108, 140 (1982).

Bolton, T.B., Physiol. Rev. 59, 60b (1979).

Boyle, 1., Gray, R., Omdahl, J . , and UeLuca, H., In: Endocrinology (ed). 
Taylor, S., Heincmnn Medical Books, London 468, (1971).

Bradford, M.M., Anal Biochem. 72, 248 0976).

Bredderman P.J., and Wasserman R.H., Biochemistry 13, 1687. (1974).

Brestscher, A., and Weber, k., J. Cell. Biol. 79, 839 (1978).

Briggs, F.N., and Fie i sclimar., M. , J. Gen. Ph/siol. 131, (1965).

Brumbaugh, P.F., and Haussler, M.R., Biochem. Hiophys. Res. Commun. 31, 
74 (1973)

Brumbaugh, P.F., and Haussler, M.R., J. Biol. Chem. 249, 1251 (1974 a).

Brumbaugh, P.F., and Haussler, M.R. , J. Biol. Chem. 249, 1258 (1974 b).

Brumbaugh, P.F., and Haussler, M.R., J. Biol. Chem. 250, 1588 (1975).

Bruns, M.L.'i. , Fausto, A., and Avioli, L.V., J. Biol. Chem. 253, 3186
(1978).

Bruns, M.E.H., Vollmer, S., Wallahein, V., and Bruns, D.E., J. Biol. 
Chem. 256, 4649 (1981).

Bruns, M.E.H., Wallschein, V., and Bruns D.E., Am. J. Physiol. 242, E47
(1982).

Bryant, D.T.W., and Andrews, P., Birrlem. J. ?.li, 709 (1983).

Busch, W.A., Stromer, M.H., Gotland, O.E. and Suiuki, A., J. Cell. Biol.
52, 367 (1972).

Callissano, P., Alema, S., and Fasella, P., Proc. FEBS Meet, lllth, 207 
(1975).

153



t

Carafoli, E.U. , Fed. Proc. 43, 3005 (1984).

Cantanga, M., Takai, Y., Kaibuchi, K. . Sano, K., Kikawa, U., and 
Nishizuka, Y. , J.Biol.Chem. 257, 7847 ( 1982).

Chapman, M.W., Taylor, A.N. , Wasserman, K.H. , and Pond, W.G., Proc. ioc. 
Expt1.Bio 1.Med. 154, 546 (1977).

Cheung, W.Y., Lynch, T.J., Wallace H.W., and Itllant, E.C., J.Biol.Chem. 
25o, 4439 (1981).

Cheung, Y.A. , Science 207, 19 (1980).

Christakos, S., Friedlander, E.J., Frandsen, B.K., and Norman, A.W,
Endocrinology 104, 1&95 (1979).

Christakos, S., and Norman, A.W., Biochem. Biophye. Rea. Commun. 89, 56
(1979).

Christakos, S., and Norman, A.W., Science 202, 70 (1978).

Christakos, S., and Norman, A.W. Arch. Biochem. Biophys. 203, 809 (1980).

Cinti, D.L., Golub, E.fc.., and Btonner, F. , Bioche.n. Biophys. Res. Cotnmin. 
72, 545 (1976).

Cohen, 1., Glaser, T. , Vci«, A. and Buner-larand, J., Biochim. Biophya. 
Acta 676, 137 (1981).

Corradino, R.A., Fullmer C.S., and Wasserman R.H. , Arch. Biochem. 
Biophys. 174, 738 (1976).

Corradino, K.A., Wasserman, R.H., Publos, M.H., and Chang 8.1., Arch. 
Biochem. Biophya. 125, 378 (1968).

Coty, W.A., McConkey, J.R., C.L., and Brown, T.A., J. Biol. Chem.
256,5545 (1981)

Ccx, J.M., Comte, M., Malnoe, A., Burger, D. and Stein, E.A., Metal Ions 
in Biological Systems, ed. H. Sigel, New York : Oekker, 17, 215 (1984).

154



154

Carafoli, E.D. , Fed. Proc. 43, 3005 U984).

Castanga, M., Takai, Y., Kaibuchi, K., Sano, K., Kikawa, U., and 
Nishizuka, Y., J.Bio 1.Chem. 257, 7847 ( 1982).

Chapman, M.W., Taylor, A.N. , Wa3serman, R.H., and Pond, W.G., Proc. Soc. 
Expt1.Biol.Med. 154, 546 (1977).

Cheung, W.Y. , Lynch, T.J. , Wallace K.W., and Tallant, E.C., J. Biol.Chem. 
256, 4439 (1981).

Cheung, Y.A., Science 207, 19 (1980).

Christakos, S., Friedlander, E.J., Frandsen, 3.R., and Norman, A.W, 
Endocrinology 104, 1495 (1979).

Christakos, S., and Norman, A.W., Biochem. Biophys. Res. Conunun. 89, 56
(1979).

Christakos, S., and Norman, A.W., Science 202, 70 (1978).

Christakos, S., and Norman, A.W. Arch. Biochem. Biophy9. 203, 809 (1980).

Cinti, D.L., Golub, E.L. , and Bronner, F. , Biochem.Biophys.Res. Commun. 
72, 546 (1976).

Cohen, I., Glaser, T. , Veis, A. and Buner-larand, J. , Biochim. Biophys. 
Acta 676, 137 (1981).

Corradino, R.A., Fullmer C.S., and Wasserman R.H., Arch. Biochem. 
Biophys. 174, 738 (1976).

Corradino, R.A., Wasserman, R.H., Publos, M.H., arm Chang, S.I., Arch. 
Biochem. Biophys. 125, 378 (1968).

Coty, W.A., McConkey, J.R., C.L., and Brown, T.A., J. Biol. Chem.
256,5545 ( 1981)

Cox, J.M., Comte, M., Malnoe, A., Burger, D. and Stein, E.A., Mets’ Ions 
in Biological Systems, ed. H. Sigel, New York : Dekker, 17, 215 (1984).



155

Craig, S.W., and Powell, L.D., Cell 22,739 (1980).

Davie, E.W., and Fujikawa, K. , Ann.Rev. Biochem. 44, 799 (1975).

Davie, M. , Biochem. J. 197, 55 (1981).

Davis, B.J., Ann. N.Y. Acad.Sci. 121, 404 (1964).

Dayton, W.R. , Goll, D.E., Stromer, M.H., Reville, W.J., Zeece, M.G., and 
Robson, R.M. In : Cold Spring Harbor Conferences on Cell Pr liferations, 
Vol. II, Cold Spring Harbor, New York, 551 (1975).

Dedman, J.R., Brinkley, B.R., and Means, A.R., in Adv. Cyclic Nucleotide 
Research, Vol. II, edt. P. Greengard and G.A. Robinson, Raven Press, New 
York, 131, (1979).

Delorme, A.C., Danan J.L. Ripoche M.A., and Mathieu H., Biochem. J. 205, 
49 (1982).

Delorme, A.C. , Danan, .L. , and Mathieu, H. , J. Biol. Chem. 258, 1878
(1983).

Delorme, A.C. , Marche, P., and Garel, J.M., J. Dev. Physiol. 1, 181
(1979).

DeLuca, K.F., and Schno •» H.K. , Ann. Rev. Biochem. 52,411 (1983).

DeLuca, H.F., Fed. Proc. J3, 2211 (1974).

Desplan, C. , Thomasset, M., and Moukhtar, M. , J. Biol. Chem. 258,2762 
(1983a).



Desplan, C. , Heidemann, 0., Lillie, J.W. , Auffray, C. , p.nd Ihomasset, M. , 
J. Biol. Chem. 258,13502, (1983b).

Drescher D. and J)eLuca H.F. , Biochem. J. 10, 2302 ( 1971).

Ebashi, S., Mikawa, T., Hirata, M., and Nonomura, Y., Ann.N.Y. Acad. Sci. 
307, 451 (1978).

Ebashi, S., Wakabayashi, T .3 and Ebashi, F., J. Biol.Chem. 69, 941 (1971). 

EiBman, J.A., and DeLuca, H.F., Steroids 30, 245 (1977).

Emtage, J.S., and Lawson, D.E.M., and Kodicek, E., Nature 246, 100 (1973).

Emtage, J.S., and Lawson, D.E.M., and Kodicek, E., Biochem. J. 144, 339, 
(1974a).

Emtage, J.S., Lawson, D.E.M., and Kodicek, E., Biochem. J. 140, 239 
(1974 b).

Feldman, D. , McCain, T.A., Hirst. M.A. , Chen, T.L., and Colston, K.W., J. 
Biol. Chem. 254, 10378 (1979).

Fleckenstein, A., Calcium Antagonism in Heart and Smooth Muscle, New 
York, Wiley, (1983).

Fox, H., The attrogenital system of reptiles, In, "Biology of the 
Reptilia" (Cans. C. and Farsons, T.S. eds). Academic Press, New York, 6,
(1977).

Fraser, D.R., and Kodicek, E., Nature (London) 228, 764 (1970).

Fraser, D.R., Physiol. Rev. 60, 551 (1980)

156

Freund T. , and Bronner F., Am. J. Physiol. 3, 8ol (1975).



156

DespUn, C. , Heidemann, 0., Lillie, J.W. , Auifray, C. , and Thomasset, M. , 
J. Biol. Chem. 258,13502, (1983b).

Drescher D. and DeLuca H.F. , Biochem. J. 10, 2302 (1971).

Ebashi, S., Mikawa, T., Hirata, M., and Nonomura, Y., Ann.N.Y. Acad. Sci. 
307, 451 (1978).

Ebashi, S., Wakabayashi, T., and Ebashi, F., J. Biol.Chem. 69, 941 (1971). 

Eisman, J.A., and DeLuca, H.F., Steroids 30, 245 (1977).

Emtage, J.S., and Lawson, D.E.M., and Kodicek, E., Nature 246, 100 (1973).

Emtage, J.S., and Lawson, D.E.M., and Kodicek, E., Biochem. J. 144, 339, 
(1974a).

Emtage, J.S., Lawson, D.E.M., and Kodicek, E. , Biochem. J. 140, 23) 

(1974 b).

Feldman, D., McCain, T.A. , Hirst. M.A. , Chen, T.L., and Colston, K.W. , J. 
Biol. Chem. 254, 10378 (1979).

Fleckenstein, A., Calcium Antagonism in Heart and Smooth Muscle, New 
York, Wiley, (1983).

Fox, H., The attrogenital system of reptileo, In, "Biology of the 
Repti!ia" (Cans. C. and Parsons, T.S. eds). Academic Press, New York, 6,
(1977).

Fraser, D.R., and Kodicek, E. , Nature (London) 228, 764 (1970).

Fraser, D.R., Physiol. Rev. 60, 551 (1980)

Freund T., and Bronner F., Am. J. Physiol. 3, 861 (1975).



Frcnd, T.S., Volpe J. and Witkowski A., Calcium Binding Proteins and 
Calcium Function (R.H. Wasserman et al. , eds.) Elsevier North Holland, 
Inc., 357 (1977)

Fnedlander E.J. , Henry, .1.L., and Norman A.W. , J. Biol. Cheir. 252, 8677
(1977).

Friedlander E.J., and Norman, A.W., Meth. Enzymol. 67, 504 (I960).

Fullmer C.S., and Wasserman R.H., Biochim. Biophys. Acta 393,134 (1975).

Fullmer C.S., and Wasserman R.H., J. Biol. Chem. 254, 7208 (1979).

Fullmer, C.S., and Wasserman, R.H. , Biochim. Biop'.iys. Acta 317, 172 
(1973).

Fullmer, C.S., and Wasserman, R.H., J. Biol. Chem. 256, 5669 (1981).

Ghazarian, J.G., Schioes, H.K., and DeLuca, H.F., Biochemistry 12, 2555
(1973).

Gleason, W.A., and Lankford, G.R., Comp. Biochem. Physiol. 71. 651 (1982).

Gleason, W.A., and Lankford, G.L., Anal. Biochem. 116, 256 (1981).

Glenney, J.R., JR., Geisler,N., Kaulfus, P., and Weber, K. , J. Biol. 
Chem. 256,8156 (1981).

Goodman, M., Pecher, J.F. , Haiech, J., and Damaille, J.G., J. Mol. Evol. 
13, 331 (1979).

Gornall, A.G., Bardawill C.J., and David, M.M., J. Biol. Chem. 177, 751 
(1949).

%
Gray, R.W., Omdahl, J.L., Ghazarian, J., and DeLuca H.F., J. Biol. Chem. 
247, 7528 (1972).

157



Griffin, M., Barnes, R.N., Wynne, J. , and Williams, C. Biochem. 
Pharmacol. 27, 1211 (1978).

Guroff, G., J.Biol. Chem. ^39, 1&9 (1964).

Han, M.H., and Benson, E.S., Biophys. J. 10, 245a (1970).

Harrison J.E., Hitchman A.J.W. , and Tam C.S., Can. J. Physiol. F>:annacol.
53, 137 (1975).

Harrison, H.E., and Harrison, H.C. Am. J. Physiol. 208, 370 (19b5).

Harrison, H.E., and Harrison, H.C., Am. J. Physiol. 194, 265 (1960).

Harrison, J.E., Hitchman, A.J.W., and Brown, R.G., Can. J. Physiol. 
Pharmacol. 53, 144 (1975).

Haussler, M.R., and McCain T.A., New England J. Med. 297,974 (1977).

Haussler, M.R., Pike, J.W. , Chandler, J.S., Manolagas, S.C., and Deftos, 
L.J., Ann.N.Y. Acad. Sci. 372, 502 (1901).

Henriksen, P.A., and Jackson, C.M. Arch. Biochem. Biophys. 170, 149 
(1975).

Hitchman, A.J.W., and Harrison, J.E., Can. J. Biochem. 50, 758 (1972).

Hitchman, A.J.W., Kerr, M.K. , and Harrison, J.E. , Arch. Biochera. Biophys. 
155, 221 (1973).

Hofmann, T. , Kawakami, M., Hitchman, A.J.W., Harrison. J.E., and 
Dorrington, K.J. , Cm. J. Biochem. 57, 737 ( 1979).

Horsting, M., Ph.D. Dissertation, University of Wisconsin, Meiison, 
(19/0).

158



159

Worsting, M., and DeLuca, H.F., Biochem. Biophys. Res. Commu ■ 36, 251 
(1969).

Howe, C.L. Mooseker, M.S., and Graves, T.A., J. Cell. Biol. 85, 916
(1980).

Hughes, M., Brumbaugh, P., Haussler, M., Wergedal, J. , and Baylir.k, L). , 
Science 190, 578 (1975).

Hunziker, W., Siebert, P.D., King, M.W., Stuc'i, P., Dugaiczyk, A., and 
Norman, A., W. , Proc. Natl. Acad. Sci. USA, 80, 4228 (1983).

Hunziker, W. , Walters, M.R., Bishop, J.F., and Norman, A.W., J. Clin. 
Invest. 69, 826 (1982).

Hyden, H. Prcc. Natl. Acad. Sci. USA, 71, 2965 (1974).

Ingersoll, R.J., and Wasserman, R.H., J. Biol. Chem. 246, 2898 (1971).

Jande, 55, Tolnai, S., Lawson, E.D., In: Calcium-Binding Proteins: 
Structure 9nd Function (eds) Siegel, F.L., Kretsinger, R.H., MacLennan, 
D.H., Wasserman, R.H., Elsivier INorth-Ho1land), New York 409, (1980;.

Jande, S.S., Tolnai, S., and Lawson, D.E.M., Histochem. 71, 99 (1981).

Kado<aki, S., Roth, J., Orci, L., and Norman, A.W., Program of the 64th 
Annual Meeting of the Endocrine Society, (Abstract), S m  Fransisco CA, 
252 (1982).

Kadowaki, S., and Norman, A.W., Arch. Biochem. Biophys. 233, 228 (J 34).

Kallfelz F.A., Taylor A.N., and Wasserman, R.H., Proc.Soc.Expt1.Biol.Med. 
125, 54 (1967).

Kallfelz, F.A., and Wasserman, R.H. , Proc.Soc. Exptl. Biol. Med. 139,
(1972).

Kimberg, D.V. , Schach^er, D. , and Schenker, H. , Am. J. Physiol. iUO, 1256 
(1961).



King, J. , and Laemmli, U.K., J. Mol. Biol. 62, 465 (1971).

Klee, C.B., Crouch, T.H., and Richman, P.G. , Ann. Rev. Biochem 49, 489
(1980).

Kodicek, E., Lancet 1, 325 (1974).

Kowarski, S., and Schachter, D., J. Biol. Chem. 255,10834 (1980).

Kream, B.E. , Jose, M.J.L., and DeLuca, H.F., Arch. Biochem. Biophys. 179, 
462 (1977).

Kratsinger, R.H., International Symposium on Calcium Binding Protein and 
Calcium Function in Health and Disease, 63 (1977).

!■':et singer, R.H. , Ann. Rev. Biochem. 45, 239 (1976).

Kretsingev, R.H., and Barry, C.D. Biochim. Biophys. Acta 405, 40 (1975,). 

Laemmli, U.K., Nature (Lond) 227, 680, (1970).

Laouari, D. , Pavlovitch., J., Deceneux, G. , and Balsan, S., FEBS lett. 
Ill, 285 (1980).

Lehky, P., Blum., Stein, E.A. , and Fisc er, E.H., J. Biol. Chem. 249, 
4332 (1974).

Levine, B,A., Mercola, D., Coffman, D., and Thornton J.M., J. Mol. Biol. 
1154 743 ( 1977).

Libby, P., and Goldberg, A.L., Science 199, 534 (1978).

Lippiello, L. Fh.D. Thesis-Cornel1 Ur‘ aca, New York (1976).

Lippiello, L. , and Wasserman, R.H., u .ochem. Cytochem. 23, 111
(1975).

160



Lowry, O.H., Rosenborough, N.J., Farr, A.L., and Randall, R.J., J. Biol. 
Chem. 193, 265 (1951).

MacLennan, D.H., and Holland, P.C., Ann.Rev. Biophys. Bioeng. 4, 377
(1975).

MacManus, J.P., Watson, D.C., and Yaguchi, M., Biochem. J. 229,39 (1985).

Marche, P., Cassier, P., and Mafhieu, H., Cell Tiss. Res. 212,63 (1980).

Marche, P., Delorme, A., and Cuisinier-Gleizcs, P., Life Sci. 23, 2555
(1978).

Marche, P., Pradelle, P., Gros, G. , and Thomasset, rl. , Biochem. Biophys. 
Res. Commun. 76, 1020 (1977).

Means, A., and Dedman, J. Nature 285, 73 (1980).

Mellersh, H. , and Thomlinson, S., biochem. Soc. Irans. 528 (1980).

Menczel, J., Eilon, G., Steiner, A., Karatnan, C. , Mor, E., and Ron, A. 
Israel., J. Med. Sci. 7, 396 (197]'.

Meows, P.C., and Kretsinger. R.H. jl. Biol. 99, 201 (1975).

Midgett, R.J., Spielvogel, A.M., Cobu.n, J.W., and Norman, A.W., J. Clin. 
Endocrinol. Merab. 36, 1153 (1973).

Miller, A., Ill and Bonner, F., Biochem. J. l>*.319 (1981).

Miller, B., and Norman A.W., FEBS lett. 141, 242 (1982).

161

Miller, B., Ueng, T., and Bronner, F., FEBS lett, 103,319 (1979).



Moeschler, H.J., Malencik, I). A. , Pocinwong, S., Alaba, O.A. , 
Ker.rick, G.L., and Fischer, E.H., Biochemie 61, 615 (1979).

Moore P.B., and Dedman, J.R. Fed. Proc. 41, 503 (1982 b).

Moore, P.B., and Dedman, J.R. Life Sci. 31, 2937 (1982 a).

Mooseker, M.S., Graves, T.A., Wharton K.A., Falco, N.I., and Howe, C.L. , 
J. Cell. Biol. 87, 809 (i980).

Mooseker, M.S., J. Cell. Biol. 71, 417 (1976).

Mooseker, M.S., and Tilney, L.G., J. Cell. Biol. 67, 725 (1975).

Moriuchi, S., Yamanouchi, T. , and Hosoya, N. , J. Kitr. Sci. Vitaminol. 
21, 251 (1975).

Morrissey, R.L., Proc. Soc. Exp. Biol. Med. l^y, 56 (1975).

Morrissey, R.L. , and Rath, D.F. , Proc. Soc. .̂xptl. Biol. Med. 145, 699
(1974).

Morrisstv, R.L. , and Wasserman, R.H. , Am. J. Wiysiol. 220, 1509 (1971).

Morrissey, R.L., Zolock, D.T., Bucci, X.J., and Bikle, D.D., J. 
Histochem. Cytochem. 26,268 (1978).

Mukherjee, T.M., and Staehelin, L.A., J. f .11. Sci. 8, 573 (1971).

Murphy J.B., and Kies, W.W. Biochim. Biop v . '-rLa 45, 382 (1960).

Nelson, W.J. , and Traub, P., Eur. J. Bioc .r 116, 51 (1981).

Nelsteun, G.L., Zytkovicz, T.H., and Howard, J.B., J.Biol. Chem. 249, 
6347 (1974).

Nelsteun, G.L., and Suttie, J.W. , Biochemistry 11, 4961 (1972).



Nishizuka, Y., Nature 308 (5961), 693 (1984a)

Nishizuka, Y., Science 225 (4668), 1365 (1984b)

Nockolds, C.fc., Kretsinger R.H., Cofiee, C.J., and bradshaw, R.A., Proc. 
Natl. Acad. j>ci. U.S. 69, 581 (1972).

Norman A.W., and Leathers, V., Biochem. biophys. Res. Commu.i. 108, 220 
(1982).

Norman, A.W., American J. Clin. Nutr. 24, 1346 (1971).

Norman, A.W., Frankel, B.J. Heldt, A.M., and Grodsky, G.M., Science 209, 
823 (1980).

Norman, A.W., Roth, J. , and Orei, L. , Endocrine Reviews 3, 331 (1982).

Norman, A.W., IN : Vitamin D. , The Calcium Homeostatic Steroid Hormone 
Acad. Press. Inc. New York, 158 (1979).

Norman, A.W., and Henry, H.L., "Proceedings Fourth Workshop on Vitamin 
D." (abstract book) (1979).

Oldham, S.B., Fischer, J.A., Shen, L.H., and Arnaud, C.D., Biochemistry 
13, 4790 (1974).

Oldham, S.B., Mitnick, S.A., and Coburn, J.W., J. Biol. Chem. 255, 5789
(1980).

Ooizumi, K., Moriuchi, S., and Hosoya, N., J. Vitaminol. 16, 228 (1970). 

Orrego, F., J. Neurochem. 18, 2249 (1964).

Otswald, T.J., and MacLennan, D.H., J. Biol. Chem. 249, 5867 (1974). 

Pan.sini, A.R. , and Chr?&takos, S., J.Biol. Chem. 259, 9/35 (1984).

163



Author  Bloch Jeffrey Max 

Name of thesis The Purification And Properties Of An Intestinal Calcium Binding Protein From The Baboon.  1985 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




