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DISCUSSION

dysentery negative, while 4% of the control group were
strongly positive.

TABLE 11. MICROSCOPIC STOOL EXAMINATION AND LATEX
AGGLUTINATION TEST RESULTS ON 100 GENERAL MEDICAL

PATIENTS

The results obtained in this study are compatible with the
concept that parenteral contact with a parasite is necessary
to initiate the cellular response which gives rise to circu­
lating antibody.

In the case of amoebiasis, the amoebae initially live in a
non-invasive state in the lumen of the gut. This stage was
represented by the 3 patients in the control group with
purely intestinal E. histolytica, none of whom showed

detectable circulating antibody. The next phase, which mav
be manifested as amoebic dysentery, involves invasion o"f
the gut wall and the test was positive for 96% of these
patients. Formation of an amoebic liver abscess may follow
as the third stage of the invasive process and 98% of this
group showed detectable antibody. The over-all 97% posi­
tive result with invasive amoebiasis indicates a strong
correlation between invasion and detectable circulating
antibody. No corresponding reaction to species of non­
invasive amoebae in the lumen of the gut was seen as
only 3 of the 30 patients in the control group in this
category gave positive reactions. One may speculate that
the antibody in the control group as a whole arose from
subclinical infections or else it may have been residual after
previous infections and as such should not be considered as
'false positive'. This consideration applies to all serological
tests based upon the detection of circulating antibody.

The distribution within the groups in Fig. 2 shows that,
considered as a whole, the patients with liver abscess tend
to produce slightly more antibody than those with amoebic
dysentery, and that the control ,group produced signifi­
cantly less. Ranges overlap to such an extent, however, that
a single quantitative observation cannot be related to the
state of the disease in any particular individual. This is
quite understandable as many factors influence the observed
antibody level. Among the most important are the duration,
degree and site of the infection and the efficiency of the
antibody generating system of the individual concerned.
There was no means of assessing these parameters in
naturally infected human patients either before or after
treatment and no provision could be made for the inter­
mediate and overlapping stages which must have been
encountered in a sample of this size. Attempts to interpret
the reaction on a quantitative basis as an index of the de­
gree of invasion can only lead to confusion.

One may conclude that the latex agglutination test for
invasive amoebiasis should be read simply as either positive
or negative.
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TABLE Ill. REACTION INTENSITY OF FOLLOW-UP SERA
FROM 8 PATIENTS WITH PROVED AMOEBIASIS ON

ADMISSION

Time in months

Patient 0 1 2 3 4 5 6

A 0 0 0 0
B 1+ 1+ 2+ 3+ 3+
C 3+ 3+ 4+ 4+
D 2+ 0 0 0
E 3+ 0 0 0
F 3+ 3+ 0 0
G 3+ 2+ 0 0
H 4+ 2+ 0

Experimental Biology Group: Summaries of
Scientific Papers

The following are abstracts of papers read at the 39th Scientific Meeting of the Experimental Biology Group (EBG) held in
the Department of Medical Microbiology, Tiervlei Hospital, Bellville, CP, on 18 February 1971:

BIOCHEMICAL EVIDENCE OF MYOPATHY IN
PALE, SOFT EXUDATIVE (PSE) POSTMORTEM

DEGENERATION IN PIGS

M. C. BERMAN, P. DU TOIT, M'D J. E. KENCH, MRC
Protein Research Unit, Department of Chemica(Pathology,

University of Cape Town

The postmortem phenomenon of pale, soft exudative (PSE) de­
generation of skeletal muscle in pigs, also known as 'wasseriges

Fleisch' or 'Muskeldegeneration' (MD) has been extensively
studied and is of both biochemical interest and economic
importance.' PSE develops in carcasses which have accelerated
glycogenolysis in the immediate (I - 2-hour) postmortem period.
The pale appearance, altered texture and decreased water­
binding capacity of muscle fibres are thought to be due to
denaturation of sarcoplasmic proteins consequent to low muscle
pH values while the carcass is still warm.' Animals whose
carcasses exhibit PSE show no abnormality during life but
there appears to be genetic differences in susceptibility between
breeds and strains. Pietrain and Landrace pigs have the highest
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incidence (up to 40%). Previous studies on anaesthetic-induced 
dvcogenolvsis (malignant hv~erthermiaY' indicated a subclinical 
~ v o v ~ t h v  whic'h could be detected bv serum enzvme markers? 
~k have investigated these in PSE digeneration. 

Carcasses of mixed breeds of pig were examined under pro- 
duction conditions at a local abattoir. Blood specimens for 
enzyme studies were taken during exanguination, within 1 - 2 
minutes of electrical stunning, and serum creatine phospho- 
kinase (CPK), aldolase (ALD) and lactate dehydrogenase (LDH) 
were assayed.' Carcasses were evaluated for PSE on a colour 
score basis (0 - 5, with 2.5 being normal) and on pH1 and pHz 
values, which were determined at  1 - 4  hours postmortem in 
longissimus dorsii. Mean normal values (N = 14) for CPK, 
ALD and LDH were 571, 19.1 and 279 units respectively, whilst 
PSE levels (N = 27) were 4 335, 161 and 1 553 units (P<O.Ol 
for each enzyme). Animals with hi& CPK levels (800 to 1 000 
units) had a 90% incidence of PSE, while 70% of those car- 
casses with lower CPK levels were normal. A negative correla- 
tion between pHl values (an indication of rate of glycogeno- 
lysis) and serum CPK activity was obtained (log CPK = 0-35 
pHl - 4.77, r = 0.42, p = <0.01). 

These observations suggest that malignant hyperthermia and 
PSE in pigs may be different expressions of the same underlying 
subclinical myopathy which can be elicited either by the anae- 
robic stress of muscular exercise or death, or by anaesthetic 
agents. Differences in presenting features may be explained by 
the presence or absence of blood circulation. 

We wish to  thank Dr W. Vosloo for his helpful advice and 
the management of Spekenam (Co-op.) Ltd for their co- 
operation. 
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THE EFFECTS OF ALA-DEHYDRATASE 
INHIBITION WITH LEAD ON HAEM SYNTHESIS 

BY AVIAN ERYTHROCYTES IN VZTRO 

E .  B. DOWDLE, Department o f  Medicine, University of 
Cape Town 

Previous experimental results from this laboratory have indi- 
cated the possible existence of two functionally distinct path- 
ways for the disposal of 5-aminolaevulinic acid. 

Our model clearly requires that haem synthesis should be 
demonstrable in the absence of ALA'ase activity. To  examine 
this requirement, avian erythrocytes, chosen for their ability to 
synthesize haem from glycine in vitro, were vre-incubated with 
lO-"M lead acetate. The cells were then washed and incubated 
with (2"Q glycine, and incorporation of radioactivity into 
haemoglobin haem was measured. 

Pre-incubation with lead irreversibly inhibited ALA'ase to 
an extent where the enzyme could no longer be detected by 
spectrophotometric assay. Despite this apvarent absence of 
ALA'ase activity, haem synthesis proceeded at rates between 
407; and 80"; of those encountered in control erythrocytes 

POLYSACCHARIDES FROM WATSONIA SPECIES 

L. G.  FOWLE AND J. W .  F.  JURITZ, Department o f  
Physics AND A. M .  STEPHEN, Department of Chemistry, 

University o f  Cape Town 

We recently1 described the evidence for crystallinity within 
fibres obtained from the polysaccharide gum available from 
Watsonia pyramidata corms. T h ~ s  observation has been con- 
firmed, and similar evidence is presented for gums from 4 other 
Watsonia species. 
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Corms of Watsonia pyramidata, W .  ungusfu, W .  merianu, 
W .  fourcudei and W .  ardernei, collected in March 1970 (by 
courtesy of the D~rector and staff of the National Botanic 
Gardens, Kirstenbosch), were broken open to reveal the gum- 
containing vesicles. From these fibrous strands of gum were 
drawn by means of tweezers, and selected on the basis of uni- 
formity of extinction under the polarizing microscope. Com- 
posite bundles of 5 - 7  fibres representative of each species 
were submitted to Cu Kn radiation for 10 - 15 hours. 

A close match was obtained in the X-ray diffraction patterns 
for all 5 species examined, though there were considerable 
differences in the quality of the X-ray diagrams. Gum from the 
large W. angusta corms gave patterns that were most suitable 
for measurement. As found earlier for W. pyramidata gum, the 
X-ray diffraction patterns were consistent with the assumption 
of hexagonal unit cells, a = 14.7, b = c = 12.0 A. The 
presence of meridional reflections on only the third and sixth 
layer lines (the latter revealed by appropriate tilting of the 
specimen) indicates a 3-fold screw-axis; this suggests the 
presence of xylose residues arranged heli~ally.~ The volume of 
the above cells is 1830 A;= this, together with the measured 
density of 1.52, yields for the estimated number of xylose resi- 
dues per cell circa 2-8 allowing for the presence of galactose 
and arabinose side-chains as found in W .  pyramidata gum. 

By contrast, no evidence of crystallinity could be found for 
the gum exudate collected from the bark of Brabeium 
stellatifolium, which, although yielding an elongated strand of 
polysaccharide material which showed good extinction under 
the polarizing microscope, nevertheless gave only an amorphous 
ring pattern on the X-ray diffractogram. This polysaccharide is 
not a substituted xylan, but is of the substituted arabinogalactan 
type3 found extensively among plant gums. 

I. Fowle, L. G.. Juritz, J. W. F., Klug. A. and Stephen, A. M. (1970): 
S. Afr. Med. J., 44. 152. 

2. Marchessault, P. H. and Sarko, A. (1967): Advanc. Carbohyd. Chem., 
22, 462. 

3. Stephen, A. M. and Van der Bijl, P. (1970): Unpublished data. 

CIRCULAR DICHROISM AS A PROBE FOR 
CYTOCHROME c CONFORMATIONAL 

CHANGES 

LAURENCE S. K A M I N S K Y ,  Department o f  Physiology 
and Medical Biochem!stry, University of Cape Town AND 

FOOK CHOY YONG,  State University o f  New York ,  
Albany, New York  

The circular dichroic behaviour of both ferri and ferrocyto- 
chrome c in alcoholic solutions has been studied with a view 
to relating the induced structural changes with the resultant 
property changes of auto~idation',~ and ascorbate reduction.' 

Circular dichroism spectra of ferricytochrome c in aqueous 
buffer and in aqueous alcohol solutions of increasing concen- 
tration were recorded in the 625 - 210-nm range. In solutions of 
methanol, ethanol and propanol at concentrations of 24 mole 
O,, 14 mole and 6 mole ",, respectively the spectra changed 
dramatically, in both the aromatic regions (261 and 251 nm) 
and the haem regions (550, 530, 493, 419 and 408 nm) when 
compared to spectra in aqueous solution. Conversely, no 
changes were observed at 220 nrn (a helix) until much higher 
alcohol concentrations. 

Ferrocytochrome c spectra were determin~d anaerobically 
but otnerwise under identical conditions. Alcohols produced 
no changes in the CD spectra except at high concentrations 
(60°0 v/v) where the spectra resembled that of ferricytochrome 
c. Similar changes were noted in the absorbance spectrum at 
550 nm. This cytochrome c still reacted with carbon monoxide 
however, a property peculiar to the reduced form of the 
protein. 

The concentrations of alcohol which produced changes in 
the CD spectra of ferricytochrome c correspond to those at 
which ascorbate was no longer able to reduce cytochrome c. 
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This correlation implicates changes in the haem and aromatic
environments with the failure of cytochrome c to be reduced.
Conversely, the failure of the 220-nm band to undergo change
at the same alcohol concentration suggests that no major
change in the protein structure has occurred, and that the small
changes that have taken place are localized in the haem crevice.
This view is strengthened by the strong dependence of the
effects of the alcohol on their hydrophobicity-the haem crevice
is known to be very hydrophobic in nature"

In contrast the failure of CD to exhibit any changes in the
structure of ferrocytochrome c even at alcohol concentrations
exceeding those which initiate rapid autoxidation of cytochrome
c suggests that changes in structure leading to this change of
property are very small.

It is thus apparent that only slight changes in conformation,
possibly an opening of the haem crevice, will allow ferrocyto­
chrome c to become autoxidizable while more drastic changes,
possibly the loosening of a ligand to the iron of the haem, are
required to prevent reduction. These results highlight the im­
portance of structural changes for the function of cytochrome
c in electron transfer and confirm our previous suggestions that
the paths of oxidation and reduction are different in cytochrome
c.

1. Kaminsky. L. S. and Davison, A. J. (1971): Biochemistry (in the press).
2. Tdem (1970): Paper presented at the 2nd International Congress of

the Porphyrias, Cape Town, December 1970.
3. Tdem (1971): Biochemistry (in the press).
4. Dickerson, R. E., Takano, T., Kallai, O. B. and Samson, L. (1971):

J. BioI. Chem., (in the press).

EVIDENCE FOR A CYCLIC AMP-DEPENDENT
PROTEIN KINASE IN THE THYROID GLAND

R. WRIGHT AND B. WlLSON, MRC Iodine Metabolism
Unit, Department of Pharmacology, Faculty of Medicine,

University of Stellenbosch, Bellville, CP

M uch evidence has accumulated indicating that the action of
thyroid-stimulating hormone (TSH) is mediated via the adenyl
cyclase----{;yclic AMP mechanism. Wilson' showed that dibutyryl
cyclic AMP (OBe) duplicated the stimulatory action of TSH
on iodide transport, thyroxine synthesis and protein synthesis.
Furthermore, puromycin and actinomycin 0 were !found to
inhibit the stimulatory actions of both TSH and DBC on iodide
transport. More recently, Wilson and Wright' have shown that
DBC enhanced DNA-dependent RNA synthesis in a similar
manner to TSH, thereby implying that cyclic AMP also acts
at the genetic level by controlling in some way the transcription
of DNA.

Histones and possibly other nuclear proteins have been
implicated as gene repressors inasmuch as evidence has been
obtained that they inhibit the activity of DNA as primer for
RNA synthesis. Histones may be chemically modified, either by
acetylation, methylation or phosphorylation and recent in­
vestigations have suggested that enzymatic chemical modifica­
tion may be among the possible mechanisms for decreasing
their repressor activity and account for their specific role in
controlling DNA transcription in different cells.

A cyclic AMP-dependent protein kinase which phosphorylates
histones has been found in liver and brain.'"

This observation suggests a mechanism for the induction of
RNA synthesis by those hormones which cause increases in
intracellular cyclic AMP levels and whose actions are inhibited
by actinomycin D. We therefore undertook to demonstrate the
existence of such a cyclic AMP-dependent protein kinase in the
thyroid gland.

This paper presents evidence for the existence, in homo­
genates of thyroid tissue and isolated thyroid cells, of a protein
kinase which phosphorylates calf thymus histone using y'" P­
ATP. Furthermore, 1O·6M cyclic AMP increased the phosphory­
lating activity of the enzyme by twofold and the enzyme was
sensitive to cyclic AMP concentrations of less than 10·gM. The

stimulatory effect of cyclic AMP on the crude enzyme was
observed using lysine-rich FI histone and lysine and arginine­
rich F2b histone. The normal twofold stimulation was found
with' FI histone whereas a 3-fold stimulation was observed
with F2b histone.

Further preliminary investigations indicate that the thyroid
protein kinase has (i) a higher cyclic AMP-dependent phospho­
rylating activity towards histones than other proteins such as
protamine, casein, albumin and thyroglobulin; (ii) a Mg' + de­
pendency with maximum activity occurring at 3 mM; (iii) a
smooth pH dependence with optimum pH at 6·8; and (iv) a
higher activity in Tris buffer than in phosphate buffer.

1. Wilson, B. (1968): Endocrinology, 83, 877.
2. Wilson, B. and Wright, R. (1970): Biochem., Biophys. Res. Comm., 41,

217.
3. Langan, T. A. (1968): Science, 162, 579.
4. Mayomoto, E., Kuo, J. F. and Greengard, P. (1969): Science, 165, 63.

A NEW METHOD FOR HISTONE ISOLAnON

D. VAN DER WESTHUYZEN Department of
Biochemistry, University of Cape Town

The standard method for the preparation of histones, the basic
proteins associated with the DNA of chromatin, involves acid
extraction of histones with 0·25N hydrochloric or snlphuric
acid.' The method presented here, in which histone and DNA
are separated by precipitation of the DNA with protamine,
avoids ·this harsh extraction step and may therefore yield a
protein preparation more closely resembling that found in vivo.

Deoxyribonucleoprotein (DNP) or chromatin from calf thy­
mus was dissolved (4 mg/ml) in a solution of 2.(}M NaCl, 0·05M
sodium bisulphite, 0'05M sodium acetate, pH 5·0. At 2.(}M
NaCl the histones and DNA are completely dissociated! An
equal volume of histone-free protamine was added (20 mg per
ml 2·0M NaCl, 0'05M sodium bisulphite, O'05M sodium
acetate, pH 5'0) and the solution dialysed against I·OM NaC.J,
0·05M sodium bisulphite, 0·05M sodium acetate, pH 5·0. At this
ionic strength the DNA was completely precipitated as a DNA­
protamine complex, and the histone and excess protamine which
remained in the supematant were then separated by gel filtra­
tion on Sephadex G-50, yielding a histone preparation free of
DNA and protamine.

The yield of histone on an analytical sc~le was 9O%.,It w~s
estimated electrophoretically3,. that some hIstone was stIlI aCId
extractable from the DNA-protamine precipitate but represen­
ted only a few percent of histones F3 and F2aI, and was vir­
tually free of the fractions F2a2, F2b and Fl.

The histone preparation appeared to be almost completely
free of any degradation or proteolytic products, as well as any
non-histones.

This isolation procedure has been carried out on ~ scale by
which gram quantities of histone can be prepare~ m a rela­
tively short time. A 75 x I5-cm column, packed WIth Sephadex
G-50 was used to separate up to three grams of histone per
run ;"ith 0'OO5M sodium bisulphite, 0·OO5M sodium acetate,
pH 5·0 as' eluant. Tt wa~ found imposs.ible to de-salt t~e his­
tones simultaneously dunng the separation from protamme on
the Sephadex bed, as a considerable retardation of the histone
peak occurred when distilled water was used as the eluant.

The whole histone could be resolved into two fractions on
a Sephadex G-IOO column at pH 5·0. The first peak could be
further fractionated by ammonium sulphate at 70% satura­
tion into a precipitate of F3 and F2al .and a su~matant con­
taining FI. Histones F2a2 and R2b, whIch compnse the second
peak, could be partially resolved on a Sephadex G-lOO column
at pH 4·0.
I. Butler, J. A. V., Johns, E. W. and Phillips, D. M. P. (1968): Progr.

Biophys. Molec. BioI., 18, 211.
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