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REPORT OF THE CHIEF DIRECTOR 

Introduction 

Following the recent change in the Chief Directorship of 
the NCRL, it is opportune to re-examine the policy and 
responsibilities of the Laboratory, and the degree to which its 
achievements meet the expectations of the CSIR and the community. 
After some 37 years, the original objectives of the Laboratory may 
have become obscured or inappropriate, and have certainly been 
influenced by the growth of the CSIR and the diversification of 
its role in South African science. Furthermore, chemical 
sciences are now widely practiced in Institutes other than the 
NCRL, and a policy should take cognizance of a unique contribution 
which the Laboratory can make toward the overall effort. 

Briefly stated, the policy of the Laboratory is to 
foster research in those areas of chemistry where there is a need 
for more fundamental knowledge, and to seek collaboration with 
organizations that are more directly concerned with the 
application and exploitation of research findings. An additional 
and growing responsibility entails the provision of national 
service facilities to research chemists in South African 
universities and industrial laboratories. The NCRL has the 
necessary environment for the introduction and effective 
utilization of new techniques and instrumentation, and is thus 
able to offer an efficient research-based service to those users 
who would otherwise not have ready access to modern facilities. 

The NCRL recognizes an obligation to pursue research in 
areas appropriate to the national interest. However, it is not 
fully representative of all branches of chemistry, and is 
compelled to place particular emphasis upon programmes having a 
history of or potential for achievement. The degree to which 
the NCRL has succeeded, within the restrictions imposed by small 
numbers of research personnel and budgetary limitations, is 
reflected in an excellent publication record and in the fine 
reputation of many of its scientists. A policy of building upon 
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existing strengths will be maintained, but this can only be 
carried out at the expense of less successful activities. 

Although there may be shortcomings in certain areas, 
they have often been abetted by the persistent erosion of staff 
numbers during recent years and by sometimes severe budgetary 
restrictions. Consequently, the Laboratory has not always been 
able to respond to new research opportunities requiring expensive 
equipment and the appointment or training of experts. In 
addition, the limited opportunities for researchers to maintain 
international contact, by means of study tours and conference 
attendance, compares most unfavourably with those of university 
colleagues; this has been the subject of criticism by the NCRL 
Advisory Committee. It is evident that the future success of the 
NCRL will depend upon the status and rewards accorded its 
successfux scientists, and upon the attendant recognition, that 
sustained achievement requires imaginative investment. Chemistry 
is no longer a 'cheap' branch of scientific research. 

It may be argued that the NCRL is not sufficiently 
sensitive to the expectations of the local chemical industry, and 
that it has failed to pursue opportunities for growth through 
directly-earned income in return for research services. This 
view bears close examination in the light of the realities about 
the contribution of chemical research toward local industrial 
development. The traditional reliance upon importation of 
innovation-derived processes and chemicals has led to a 'phase' 
problem, since the short-term priorities of industry are 
frequently incompatible with the perceived challenges of forefront 
areas of chemical research. The Laboratory has been cautious 
about involvement in short-term undertakings, in view of the 
inherent dangers of rediscovery and trivial problem-solving, but 
is anxious to participate in research undertakings which will 
contribute toward future technological and economic development. 
There are encouraging indications that the value of such 
partnership is being increasingly recognized, and the Laboratory 
is presently engaged in discussions and negotiations with several 
industrial organizations. It must be accepted, however, that 
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such collaboraiton will not necessarily provide immediate scope 
for generating direct income. 

These developments will not be pursued at the expense of 
contact and collaboration with university chemistry departments, 
since the NCRL recognizes the essential interdependence of 
research and teaching. Many collaborative projects are in 
progress with university colleagues, and there has recently been 
increased involvement by NCRL staff in areas of graduate 
teaching. Equally, every effort is made to encourage staff 
participation in professional society activities, as a 
contribution toward furthering the role of chemistry in the public 
domain, both nationally and internationally. 

In summary, the continuing responsibility of the NCRL is 
to sustain standards of excellence in fundamental chemical 
research, as a contribution to the overall effort of the CSIR in 
pure and applied chemistry. Scientists will be encouraged to 
apply their creative talents to meaningful research problems and 
collaborative opportunities, without compromising standards in the 
interests of expendiency. In order to carry out this task 
effectively, the Laboratory will continue to strive for 
improvements in staffing and equipment. 

Review 

Organization. After a protracted investigation into the 
activities of the Biological Chemistry Division, agreement was 
reached that the staff will be transferred to the Laboratory for 
Molecular and Cell Biclotv from 1 September 1984. Consequently, 
this Division reports for the last time in this issue of the NCRL 
Annual Report. 

The present Divisional structure and the procedures for 
apportioning staff are under review, but no major changes are 
envisaged before the career structure for senior scientists is 
defined. Professional differentiation principles were partially 
implemented in April 1984, but the continuing uncertainty about 
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the scope for advancement of senior scientists remains as a 
seriously unsettling influence in the Laboratory, and has retarded 
progress toward structural reorganization and delegation of 
responsibilities. 

In the meantime, the management of staff vacancies will 
no longer be treated as an automatic Divisional prerogative, but 
each case will be considered individually in terms of the overall 
priorities oi: the Laboratory. 

The growth of the national service facilities in the 
Laboratory has led to an increased commitment of staff for this 
purpose. At present, not less than thirteen members of the 
research and technical staff are involved, and ways are being 
sought to minimize any negative effects upon research 
productivity. 

Staff. The level of occupied posts has remained constant during 
the review period, although there has been an unusually high staff 
turnover in the Administration section. Recruitment against 
presently unfrozen posts is being actively pursued, and 
three researcher posts are being retained in order to accommodate 
those CSIR bursars who will complete their studies at the end of 
1984. The apparently high number of vacant posts is therefore 
misleading, and the Laboratory has relatively little scope for 
planning new activities. Furthermore, the transfer of the 
Biological Chemistry Division will result in the loss of ten 
research and technical posts. 

Research Technical Administrative 
Total posts 69 31 17 

Vacancies 10 2 1 
Unfrozen 4 1 1 

Resignations 4 
Appointments 1 

2 7 
1 7 
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The most notable staff event was the retirement of Dr P R Enslin 
as Chief Director on 31 October 1983, after a career spanning some 
32 years. The Laboratory owes much to him for his dedicated 
commitment to excellence in research, and for his tireless efforts 
to further the interests of chemistry. Dr C E Bird (Head, 
Corrosion Research) also retired on 29 February 1984, bringing to 
a close a long and productive career at the CSIR. 

Internal appointments during the year include Dr J R 
Bull (Chief Director), Dr P S Steyn (Head, Organic Chemistry), and 
Dr A Kistner (Head, Biological Chemistry). The latter appointee 
succeeds Dr H N Schwartz, who relinquished the responsibility on 1 
January 1984. 

Urgent attention is being given to the appointment of a 
successor to Dr C E Bird, as Head of the Corrosion Research 
Division. 

The appointment of a liaison officer, Mr C M Meyer, is 
intended to give impetus to several projects aimed at improving 
the information dissemination and public image of the Laboratory. 

Finances and Equipment. The budgetary constraints of the past 
year have inhibited expenditure in certain areas of research, but 
care has been taken to minimize negative effects upon progress. 
In general, the cooperation of staff in achieving savings Las been 
most satisfactory. 

Following a successful application to initiate a 
national service facility at the NCRL for single-crystal X-ray 
diffraction, the Laboratory has acquired a new X-ray 
difftactometer. The remaining new funds to facilitate initiation 
of this undertaking, and that of two other projects, have been 
used partly to retain the number of NCHL posts at the level of 
1983/4, and to acquire smaller items of essential equipment. 
Attention will be given to creating new posts in 1985/6, from 
these resources. 
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Essential accessories for the 500 Nlz l«R and the FT-IR 
spectrometers have been acquired through Capital B funds, but 
several items remain outstanding from the applications made for 
1984/5. Included in those applications was notice of the 
intention to apply for an intermediate-field NMR spectrometer, 
capable of carrying out solid and liquid phase studies. 

Research Highlights. The overall research achievements of the 
Laboratory are reflected in 49 publications which have appeared 
during the review period. Attention is being given to the 
backlog of publishable results which has accumulated in certain 
Divisions, and to areas in which the publication performance does 
not meet expectations. 

Attention is drawn here, to a selection of notable 
achievements, which are discussed in more detail in the Divisional 
reports. 

A systematic study of the distribution coefficients of 
46 elements with the macroporous cation-exchange resin, AS NP-50, 
in aqueous hydrochloric acid and in hydrochloric acid-methanol 
mixtures, has been completed; more than 1000 coefficients have 
been determined. Such information, which has not hitherto been 
available for the resin, provides the essential basis for planning 
ion-exchange separation of elements. 

Further progress has been made in the separation of 
specific mixtures of elements, for example, traces of magnesium 
from aluminium, tellurium from gold, cadmium, indium, selenium, 
bismuth, arsenic, and platinum metals, and traces of gold from 
nickel. Methods have also been developed for the separation of 
carrier-free gallium-67, iron-55, and iron-52 from cyclotron 
target materials. 

Synthetic studies have shown that alkenes, alkynes, and 
cyclic polyolefins undergo facile hydrogen transfer reactions when 
coordinated to ruthenium atoms. In certain cases, reactive 
organometallic intermediates in isomerization reactions and in 



- 7 -

selective hydrogenation reactions of 1-alkynes and cyclic dienes 
have been isolated, and their structures elucidated by high-field 
NMR and X-ray diffraction methods. The importance of these 
intermediates in catalytic conversions of organic molecules has 
been shown by detailed studies on their catalytic activities. 
Two results are worthy of note; one complex catalytically 
hydrogenates cyclic polyolefins at hydrogen diffusion-controlled 
rates, and another is a specific catalyst for the conversion of 
1-alkynes into 1-alkenes. These complexes represent the best 
homogeneous catalysts yet discovered for these reduction 
reactions. 

Kinetic studies on triphenylphosphine replacement from 
corresponding square-planar diene-phosphine complexes of 
rhodium(I) and iridium(I) by chelating ligands have revealed that 
the rhodium(I) complex, in contrast to indium(I) systems, appears 
to be more sterically crowded and reacts exclusively via a solvent 
assisted pathway. For both metal complexes, ring closure of the 
chelating ligand was found to contribute significantly toward the 
overall rate of reaction. 

Collaboration with Professor E B Dowdle (University of 
Cape Town) has led to a patent application for the isolation of 
the medically important plasminogen activator, by the use of a 
protease inhibitor isolated from the seeds of the Coral tree. 

The first monoclonal antibody against a snake venom 
cardiotoxin has been isolated and characterized with respect to 
type, avidity, and affinity. Research into biological membranes 
has been extended to include an analysis of the intracellular 
pathways and functioning of endomembranes. For the first time, 
it has been shown that granular membrane can be retrieved after it 
has been inserted into the cell surface during secretion in mast 
cells. 

Aspects of natural products research have gained 
considerable momentum as a result of the growing collaboration, 
with colleagues at the Veterinary Research Institute 
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(Oiiderstepoort), on toxic plants. Several difficult structural 
problems, notably those associated with cotyledonosis 
('krimpsiekte') have been solved with the aid of high-field NMR. 
A visit by Dr R Gallagher (Ruakura Animal Research Station, New 
Zealand) resulted in successful collaboration in elucidating the 
structure of the tremorgenic mycotoxin, lolitrem B. 

A programme on synthesis of heterocyclic compounds is 
now well-established, and several novel az^-azulenes and 
thionitroso-compounds have been prepared; the latter compounds 
serve as versatile synthons in Diels-Alder and ene reactions. 

The interdivisional group dealing with structural 
problems has enjoyed considerable success in solving eighteen 
X-ray crystallographic problems during the year, and in making 
valuable contributions to aspects of the synthetic programmes 
through molecular mechanics studies. 

Services. The NCRL has continued to provide regular research 
services to universities and other research organizations, 
involving microanalysis, mass spectrometry, and NMR spectroscopy. 
In addition, ad hoa services have been rendered in other areas of 
chemical analysis and corrosion studies, and the X-ray service was 
initiated. 

Statistics reveal that these services make an essential 
contribution to the national research effort. This is 
exemplified by the rapid growth in the service demand for the 500 
MHz NMR spectrometer; the instrument is now fully occupied, and 
yet the demand shows no sign of levelling off. This has given 
ri3e to serious concern about the inappropriate use of the 
instrument for problems which could be more effectively solved at 
lower field-strength. Furthermore, the routine applications of 
the technique have resulted in neglect of the more appropriate but 
time-consuming studies, and give added urgency to the need for a 
second instrument, operating at 300 MHz for protons. Such an 
acquisition will immeasurably aid the NCRL in meeting its 
obligation to provide an efficient research service. 
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Collaboration. Several new collaborative undertakings have 
conunenced between the NCRL and other CSIR Institutes, involving 
aspects of analytical and organic chemistry, and corrosion 
research. In addition, collaborative opportunities have been 
actively pursued through university and industrial contact. 
Certain undertakings have already been formalized, and others are 
being negotiated. The status of collaborative research will be 
fully reviewed in a future Annual Report. 
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ANALYTICAL CHEMISTRY 

Introduction 

The Analytical Chemistry Division has continued its 
efforts to develop more reliable and accurate methods for the 
separation and determination of trace elements in complex 
mixtures, concentrating mainly on procedures using ion exchange 
chromatography. As in the past the emphasis has been on the 
analysis of rocks and minerals with the aim of providing accurate 
standard materials for the fast instrumental methods, and also to 
extend the borders of reliable and accurate determinations to ever 
decreasing concentrations generally. 

Simplified and adapted versions of some of the 
procedures developed for separating elements from complex mixtures 
have been applied in the separation of carrier-free radioisotopes 
from irradiated cyclotron targets. Quite often the ion exchange 
separations developed in this laboratory give superior products 
which are considerably cleaner than those obtained by methods used 
previously, both, as far as inactive impurities or foreign 
radioisotopes, originating either from side reactions or from 
trace elements present, are concerned. The increased purity of 
the radio-tracers is often of great importance when they are used 
for medical purposes. 

A further ramification of the work, which is gaining 
momentum at present, is the application of Divisional experience 
in separation and concentration procedures and in general wet ana
lytical chemistry to analytical problems originating from research 
carried out at the National Institute for Materials Research. 
An example is the separation of traces of magnesium from large 
amounts of aluminium (described later) which originates from 
difficulties encountered in the analysis of sintered alumina 
ceramics. 

Besides the more applied work, the systematic study of 
distribution coefficients has received further attention. This 
fundamental information forms the base from which new separations 
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have to be planned. The work of the Division in this field (and 
in separation science in analytical chemistry in qeneral) has been 
recognized internationally. Wilson & Wilson's "Comprehensive 
Analytical Chemistry", Volume 14 entitled "Ion Exchangers in 
Analytical Chemistry", which appeared in 1982, contains an 
appendix of 58 pages of distribution coefficients. The first 20 
of these pages present coefficients determined by this Division. 

The following work has been completed or initiated 
during the recent year. 

Cation Exchange 

Macroporous Resins in Aqueous HC1 

The systematic study of distribution coefficients with 
the macroporous resin AG MP 50 in aqueous HC1 has been completed. 
Altogether 46 elements have been included in the study and the 
acid range from 0,2 to 6,0M has been covered. In some cases 
(such as the elements Fe, V, Hg, and As) coefficients have been 
determined at two different oxidation stages. In order to 
demonstrate the possibilities for separations offered by this 
resin, several mixtures containing 5 elements (1 exchange milli-
equivalent of each) were separated on columns containing 54 ml (20 
g dry weight) of resin by eluting the elements stepwise with 
increasing concentrations of HC1. Included were the mixtures 
Cd-Zn-Ga-Yb-Sc; Li-Na-Mg-Fe(III)-Ca; and Pd(II)-In-V(IV)-Mn(II)-
Sr. The elution curve for the last mixture is presented in 
Figure 1. For most of the elements the elution peaks were quite 
sharp, but others (includinq Na, K, Ca, Sr and Yb) showed 
considerable tailinq in HCl. 

Elements such as Th, Sc, La, and 8a could not be eluted 
quantitatively at any concentration of HCl and required the 
presence of complexing reagents for quantitative elution. From 
this first systematic information about this resin, it appears 
that the very widely accepted view, viz, that macroporous resins 
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Figure 1: Elution curve for Pd-In-V(IV)-Mn(Il)-Sr. 54 ml(20 g) 
AG MP-50 resin; 200 to 400 mesh; column length 15,5 cm, <t> 2,1 
cm. Flow rate 1,5 + 0,3 ml per min. 

have column exchange kinetics which are superior to those of 
gel-type resins, is in error. For some transition elements such 
as Cd, Zn, Ga, etc the macroporous resin seems to have kinetics as 
good as or even better than AG50W-X8 resin (an 8̂  cross-linked 
gel-type resin), but for Na, K, Ca, Sr, and Yb the column 
behaviour seems to be inferior. A 4% cross-linked resin such as 
AG50W-X4 (of comparable particle size) seems to have kinetics 
which are superior to a macroporous resin in almost all cases. 
Apparently, the advantage of the fast diffusion rates in the 
macropores is negated by very slow diffusion and slow exchange 
rates in the micropores of the very highly cross-linked actual 
exchange region. This work has been written up and accepted for 
publication by an international journal. 

Macroporous Resin in HCl-methanol 

In addition to the study of distribution coefficients in 
aqueous HCl, coefficients in mixtures of aqueous HCl and methanol 
have been systematically determined with the macroporous resin AG 
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MP-50. Altogether 45 elements have been included in the study 
and the ranges from 0,5 to 6,0M HC1 and 0 to 90% methanol have 
been covered. Methanol adds anothe» dimension to the possibili
ties of separation, and ss**ny sef.irr.ons become possible in HC1-
methanol mixtures which are iopovsible in purely aqueous HC1. 
The underlying principles are weil . cvwn and have been extensively 
described for gel-typ* resins. Tr. ncder to demonstrate some of 
the separation possibilities of tnr ise- roporous resin in HC1-
methanol mixtures, se.-eral misturvs «Ttaining 5 elements each 
were separated on columns contair.i-w 54 ml (20 g dry weight) of 
resin. Three examples of such separations are: In-Zn-Ga-Al-Yb; 
Cd-Li-Cu(II)-Mg-Ca; and Pt(IV)-Te(IV)-V(IV)-Pe(III)-Mn(II). An 
elution curve for the first separation is shown on Figure 2. It 
may be pointed out here that separation of Ga and Al is impossible 
in aqueous HC1 with a cation exchange resin, while the pairs 
ln-Zn,Zn-Ga and Al-Yb have considerably smaller separation 
factors. The work has been completed, written up and accepted 
for publication by an international journal. 

Systems Containing Thiourea 

The investigation of the behaviour of elements with a 
cation exchange resin in solutions containing thiourea has been 
continued and extended to include all elememts with tendencies to 
sulphide precipitate formation. ion exchange distribution 
coefficients were determined in pure HC1 or HNO3 and in these 
acids containing various amounts of thiourea (up to 1M). Very 
little or no adsorption was shown by Re(VIII), Ge(IV) and 
As(lll). The adsorption of Co(Il), V(IV), U(VI), and Ga was very 
similar in the absence on the presence of up to 1,0M thiourea. 
No enhancement took place. Thallium(l) did form a poorly soluble 
compound in HNO3, probably TITU4NO3. The following elements 
showed an increase in their distribution coefficients in the 
presence of up to 1,0M thiourea: Sb(IH), Bi(III), Rh(III), 
Mo(VI), Cd, Zn, Sn(IV), Pb(II), In, and Ir(lll). Some of these 
elements such as antimony and bismuth are very strongly adsorbed. 
Numerous elution curves were prepared showing that elements such 

http://sef.irr.ons
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Figure 2: Elution curve for In-Zn-Ga-Al-Yb. 54 ml (20 g) AG 
MP-50 resin; 100 to 200 mesh; column length 15,5 cm, <t> 2,1 cm. 
Flow rate 2,5 + 0,5 ml per min. 

as cadmium and zinc can be adsorbed on a 4% cross-linked resin 
from 2M HNO3 containing thiourea and separated from many other 
elements. Figure 3 demonstrates that some elements can be 
separated by changing only the thiourea concentration stepwise, 
thus utilizing differences in the thiourea complex stabilities. 
Coefficients for silver, gold, and copper decreased considerably 
with increasing concentration of thiourea. This seems to 
indicate that the very strong adsorption of these monovalent 
elements (as thiourea complexes) at low thiourea concentrations is 
due to the adsorption of dimeric or even polymeric species. In 
the case of silver such polymeric species were found to be eluted 
with great difficulty by aqueous nitric acid, apparently for 
kinetic reasons, but they could easily be eluted with 2M nitric 
acid containing 1M thiourea. A paper describing the cation 
exchange behaviour of gold, silver, the platinum metals, and some 
other rare elements in HBr-thiourea-acetone mixtures (see previous 
report) has been accepted for publication. 

A method has been developed for the ouantitative 
separation of gold (between 10 mg and 200 mg) from 10 g of nickel 
using a column containing 5 g (21,5 ml) of AG50W-X4 resin in the 
hydrogen form. The gold was adsorbed from 0,5M HC1 containing 
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Figure 3: Elution curve for Co(II)-Zn-Cd-3i(III). 43 ml (10 g) 
AG50W-X4 resin; 200 to 400 mesh; column length 13,5 cm, <f>2,0 
cm. Flow rate 3,0+0,3 ml per min. 

0,1M thiourea and the nickel was eluted with 200 ml of 1,5M HC1 
containing 0,01M thiourea. The retained gold was then eluted 
with 1,5M HCl containing 2% bromine. Recoveries of gold from 
synthetic mixtures were excellent down to the microgram range.Yet, 
in the nanogram range (10 ng to 1 pg), where electrothermal atomic 
absorption was used for determination, results for the lowest 
amounts tended to be high. Reproducibility in this range was not 
very satisfactory. Variable external contamination feemed to be 
responsible for this. 

reparation of Traces of Magnesium 
from Large Amounts of Aluminium 

A method has been developed for the separation of 
magnesium from large amounts of aluminium (up to 500 mg and 
more). This method is especially useful for determining traces 
of magnesium in aluminium compounds. Solutions containing both 
elements in about 100 ml of 0,5N oxalic acid were passed through 
columns containing 6 g (26 ml) of AG50W-X4 resin, which had been 
equilibrated with 0,5N oxalic acid. Aluminium was then eluted 
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with another 250 ml of 0,5M oxalic acid and the oxalic acid washed 
from the column with 50 ml of 0f01M HC1. Finally, magnesium was 
eluted with 100 ml of 2M HCl. Separations were excellent and 
recoveries quantitative. A typical elution curve is shown in 
Figure 4. For 20 pg of magnesium the coefficient of variation 
was less than 0,5%. For 2 pg the coefficient of variation 
increased to about 4%, mainly due to an increase of the standard 
deviation of the blank runs. The major problem of these 
separations was external contamination. "Suprapure" HCl was used 
for elutions and A.R. grade oxalic acid further purified by 
passing it through a cation exchange column. With this approach 
and using plastic beakers, blank runs gave reasonably reproducible 
results of about 1 u g of magnesium. The investigation is aimed 
at the development of a suitable method for the accurate 
determination of trace amounts of magnesium in sintered 
Al203~ceramics. At present no such method seems to exist, but 
analyses of this kind are required by the National Institute for 
Materials Reseacch. A paper describing the separation method has 
been written up for publication. Work on the application of the 
method to the analysis of ceramics is being continued. 

Separation of Cobalt 

Because chromium(III) tends to form polymeric species in 
aqueous solution and, in addition, has slow ligand exchange and 
other reaction rates, it is one of the problem elements in ion 
exchange separations. A very detailed investigation of the 
behaviour of chromium(lII) and chromium(Vl) during elution with 
various ion exchange resins and using a variety of conditions was 
therefore undertaken. The influence of relevant operations, such 
as the reduction from the (VI) to the (III) state on the ion 
exchange behaviour, and optimum conditions to achieve a reasonably 
good separation, were established. A paper describing the 
quantitative aspects of the behaviour of chromium during cation 
exchange separations with special reference to the selective 
separation of cobalt from other elements in HCl-acetone solutions 
has been accepted for publication. 
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Figure 4: Blution curve for Al-Mg. 26 ml (6 g) AG50W-X4 resin; 
100 to 200 mesh; colunn length 8,3 cm, <f>2,0 cm. Flow rate 
4,5 + 0,3 ml per min. 

It was found that the 8% cross-linked resin has definite 
advantages over the 4% cross-linked resin when large amounts of 
chromium are present, but is less favourable for the separation of 
cobalt from larger amounts of uranium, manganese, and lithium (the 
most critical of the other elements). These separations were 
thus investigated in detail to establish the maximum amounts of 
these elements, which can be present without leading to an 
unsatisfactory separation. The conclusion from quantitative 
analyses of synthetic mixture was, that, using a 20 g column of 
AG50W-X8 resin, not more than about 10 mg of uranium, 30 mg of 
manganese and 7 mg of lithium should be present in order to obtain 
a satisfactory separation from up to 60 mg of cobalt. A paper 
describing this work has been written up for publication. 

Separation of Tellurium 

A method has been developed for the quantitative 
separation of tellurium from gold, cadmium, indium, selenium, 
oismuth, arsenic, and the platinum metals. Gold and the other 
elements are eluted with 0,2N HC1 containing 60% acetone from a 
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column of 10 g (30 ml) AG50W-X8 cation exchange resin. Tellurium 
is retained and can be eluted with 1M HC1. Separations from 
gold, cadmium, indium, tin, selenium, and arsenic are sharp and 
quantitative. Only between 1,3 and 3,0 ug of gold were found in 
the tellurium fraction when 1,3 g were present originally. 
Figure 5 shows an elution curve for the tin(IV)-tellurium(IV) 
pair. Bismuth, platinum, palladium, and rhodium show some low 
level tailing and up to 0,05% (Pt), 0,1% (Bi), or 0,3% (Pd and Rh) 
of the total amount present are found in the tellurium fraction. 
The work has been written up for publication. 

Anion Exchange 

Distribution Coefficients 

A study of the variation of anion exchange distribution 
coefficients of some chloride complex forming elements with resin 
cross-linkage has been initiated. The aim of this study is to 
find conditions under which traces or small amounts of gallium or 
iron(III) can be conveniently separated from very large amounts 
(several grams) of other elements forming chloride complexes such 
as cadmium, zinc, copper and indium. Resin of lower 
cross-linkage should offer better prospects for such separations, 
but systematic information about distribution coefficients for 
such resins is not available. 

Separation of Traces of Cadmium 
Bismuth and Lead" 

An investigation has been initiated to separate micro-
and nanogram amounts of cadmium, bismuth, and lead from gram 
amounts of zinc, iron, and most other elements. One aim of this 
investigation is to separate these elernents from rocks and other 
materials of complex composition which contain only ultra-trace 
amounts, and determine these by electrothermal atomic absorption. 
Starting from known anion exchange distribution coefficients in 
mixed HBr-HNOi media (see Annual Report 1978 and 1979), a number 
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Figure 5: Elution curve for Sn(IV)-Te(IV). 30 ml (10 g) 
AG50W-X8 resin; 200 to 400 mesh; column length 14,0 cm, <{>1,65 
cm. Flow rate 2,5 +_ 0,5 ml per min. 

of elution curves were prepared to optimize column conditions for 
the sample composition range and the expected amount of the trace 
elements. Excellent separations were obtained for a sample of 1 
g of dissolved NIM-P rock with added amounts of cadmium, bismuth 
and lead. A resin column containing only 2 g of AG1-X4 resin was 
sufficient to separate the three trace elements from 1 g rock 
material and from each other. The investigation is being 
continued. 

Rock and Mineral Analysis 

Determination of Gallium 

The selective method for the separation of gallium from 
other elements by cation exchange chromatography (Annual Report 
1983) has been applied to the accurate determination of gallium in 
twelve South African secondary rock standard samples (SAROC), 
(using flame atomic absorption for determination as described in 
the previous report for the NINR0C standards). Results were 
highly accurate and reproducible and comparable to those for the 
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NINROCS. Because the determination of gallium by flame atomic 
absorption is not very sensitive, results for rocks containing 
less than about 2 ppm of gallium become less accurate. However, 
approximate results can be obtained down to the detection limit of 
about 0,2 pprc in the rock (0,02 ppm in 10 ml of solution). The 
work has written up and accepted for publication. 

For rocks containing very low concentrations of gallium, 
the ion exchange separation method was followed up by a 
determination using electrothermal atomic absorption. This 
increased the detection limit of the determination to about 0,02 
ppm in the rock. The limiting factor was a blank value of about 
20 to 30 ng of gallium which originated mainly from the A.R. grade 
hydrofluoric acid used to dissolve the rocks. The method was 
applied to the determination of gallium in 4 SAROC samples and in 
NIM-D. Analysis of NIM-P was also included because it showed an 
abnormal spread of results when flame atomic absorption was used 
for determination. The results which are averages of 5 or more 
determinations are presented in Table 1. They show that the 
method can produce reasonably accurate results for the 

Table 1. determination of Gallium in Reference Rock Samples 

Gallium Found (ppm) 
Value 
Suggested 
by NIM 

Values 
Obtained 
by other 

Laboratories 
Sample Electrothermal 

Atomic Absorption 
Flame 
Atomic 

Absorption 

Value 
Suggested 
by NIM 

Values 
Obtained 
by other 

Laboratories 

NIM-D 
NIM-P 
S-8 
S-11 

S-15 

S-17 

0,57 + 0,06 

6,28 + 0,44 

0,63 + 0,03 

0.03 + 0,01 

0,67 + 0,03 

0,03 + 0,01 

0,4 + 0,1 

6,7 + 0,4 

0,7 + 0,2 

Not deter
mined 

0,8 + 0,1 

Not deter
mined 

None 

8 

None 

None 

None 

None 

0,5 - 10 

6,5 - 22 

None 

None 

None 

None 



- 22 -

determination of gallium in rocks down to the sub-ppm range. The 
variation in the results for NIM-P was confirmed and seems to 
indicar.e a sample inhomogeneity with respect to gallium. The 
work has been written up and accepted for publication. 

Atomic Absorption Spectrometry 

Gallium 

Optimum operating conditions have been established for 
the determination of gallium by electrothermal (graphite furnace) 
atomic absorption using normal and pyrolytically coated graphite 
tubes. Under optimum conditions the sensitivity was 10 pg for 1% 
absorption using a 20 pL sample, which means a concentration of 
0,0005 ppm in the solution. Thorium, the only element not 
completely separated in the preceding separation procedure, was 
found to have no effect on the gallium signal when present in up 
to a 500-fold excess. The method was applied to the detsrmina-
tion of very small traces of gallium in standard rocks (see 
previous paragraph). 

Indium, Cadmium and Bismuth 

Graphite furnace operating conditions were optimized for 
these three elements, when present together, and interference 
effects were investigated. It was found that increasing amounts 
of cadmijm depressed the signal of indium significantly, while up 
to a 100-fold excess of indium had no influence on the cadmium 
signal. For accurate determinations, therefore, indium and 
cadmium have to be separated. The other two elements do not 
interfere with the determination ot bismuth. 

Platinum and Palladium 

The graphite furnace operating conditions for these 
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elements were optimized and interference effects investigated. 
Palladium was found to interfere with the determination of 
platinum when present in a 10-fold excess, but up to a 100-fold 
excess of platinum did not interfere with the determination t* 
palladium. For accurate determination of platinum in the 
presence of a large excess of palladium, these two elements have 
to be separated. It was also found that pyrolytically coated 
graphite tubes gave a two- to three-fold increase in sensitivity 
for both elements, as well as a better peak shape and longer tube 
life. 

Analytical Services to other 
Laboratories or Research Groups 

A method for the accurate determination of aluminium, 
sodium, chloride, and small amounts of iron in fusion mixtures of 
aluminium and sodium chloride has been developed for the analysis 
of samples received from the new Institute for Materials 
Research. After dissolution in 0,1M HNO3 the sample was passed 
through a column containing 6 g of AG50W-X4 cation exchange resin. 
Chloride passed through and was completely eluted with 0,01M HNO3, 
sodium with 0,50M HNO3, iron(III) with 0,20M HC1 containing 90% 
acetone, and finally aluminium with 3,0M HCl. Iron(III) and 
sodium were determined by atomic absorption spectrometry, 
aluminium by complexometric titration and chloride by titration 
with silver nitrate. Separations are very sharp, and results of 
determinations very accurate and reproducible. 

A large variety of samples (92 in toto) were analysed 
for the National Institute for Materials Research 
(formerly,Materials Research Division of the NPRL). These 
included 15 iron carbides for iron and carbon, one iron carbide 
for chloride, 31 lithium fusion mixtures or lithium-doped Mn02 for 
lithium, 18 mixtures of manganese oxide and lithium hydride for 
total hydrogen, 12 iron-silicon alloys for iron and silicon, 5 
fusion mixtures of sodium and aluminium chloride for sodium, 
aluminium, chloride, and total iron, 3 similar fusion mixtures for 
nickel, 2 for nickel and total iron and 5 for ferrous iron. 
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Samples analysed for other laboratories or research 
groups included a graphite leach solution from the Faculty of 
Engineering of the University of Pretoria (analyzed for calcium, 
magnesium, iron, and potassium), 6 mercury salts from UNISA for 
mercury, 3 water samples from the National Mechanical Engineering 
Research Institute for potassium, and a sample of sodium 
dichloroisocyanate from Delta G Scientific for chloride. 

During the year (15 March 1983-27 March 1984) 2056 
analyses were carried out by the Microanalytical Group. Of these 
1482 were for the Inorganic Chemistry Division, 242 for the 
Organic Chemistry Division, 176 for other institutes of the CSIR 
and 156 for universities and other organisations outside the 
CSIR. The analyses included quantitative determinations of C, H, 
N, F, CI, Br, I, S, P; molecular mass; Ni, Cu, Fe, Li, W, Hg, 
Cr, Ca, Li; ammonium ion and "sulphated asn"; as well as 
qualitative detection of Rh, Ru, Os, Sn, B and Hg. 

PUBLICATIONS 

MAYER, G.D., VAN DER WALT, T.N., BOHMER, R.G. & ANDERSEN, P. 
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Radiochim. Acta 1983, 34, 207-210. 

STRELOW, F.W.E. Distribution coefficients and ion exchange 
behaviour of 46 elements with a macroreticular cation exchange 
resin in hydrochloric acid. Anal. Chem. 1984, 56, 1053-1056. 

VAN DER WALT, T.N., & STRELOW, F.W.E. Quantitative separation of 
gallium from other elements by cation-exchange chromatography. 
Anal. Chem. 1983, 55, 212-216. 

VICTOR, A.H. & ROGERS, D.E.C. Determination of ultra-trace 
amounts of thorium in NIM-D and NIM-P standard geological 
reference materials using cation exchange chromatography - spark 
source mass spectrography. Geostandavde Newsletter 1983, 7, 
331-334. 
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VICTOR, A.H. Behaviour of chromium during the selective 
separation of cobalt by cation exchange chromatography in 
hydrochloric acid-acetone. S. Afv. J. Chem. 1984, 37, 67-73. 

WEINERT, C.H.S.W., & STRELOW, F.W.E. Cation exchange behaviour 
of the platinum group and some other rare elements in hydrobromic 
acid-thiourea-acetone media. Talanta 1983, 30, 755-760. 

RESEARCH PROGRAMME 1985 

Project No. 600/55019 
Task No. 1 has been deleted because there does not seem 

to be any chance of progress as not enough staff are available. 
Task Nos. 2 and 3 have been completed and have led to 
publications. A new task aimed at a general investigation of 
distribution coefficients of all elements forming thiourea 
complexes in various media has replaced task No. 2. Three new 
tasks have been added. One is aimed at the development of a 
method for the separation of traces of magnesium from large 
amounts of aluminium (500 mg and more); another at the separation 
of tellurium from large amounts of gold (several grams), indium, 
cadmium, selenium, and many other elements, and the third at a 
systematic determination of the distribution coefficients of a 
large number of elements in HCl-acetone mixtures with a 
macroporous resin (AG MP-50). 

Project No. 600/55035 
A new task aimed at an investigation of the influence of 

resin cross-linkage on anion exchange in HCl media has been added. 

Project No. 600/55043 
Task No. 2 has been completed and has resulted in a 

publication. 

Project No. 600/55050 
Task No. 1 has been completed and has led to a 

publication. 
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RESEARCH PROGRAMME 1985 DIVISION ANALYTICAL CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/55019 

Separation with 
cation exchange 
resin 

Dr P.ff.E. St re low 
Dr A.H. Victor 
Mr C.H.S.W.Weinert 
Mr T.N.van der Walt 
Mr R.J. Verheij 

600/55035 

Separation with 
anion exchange 
resins 
Dr P.W.E. Strelow 
Mr T.N.van der Walt 
Mr R.J. Verheij 

600/55043 

Application of ion 
exchange separa
tions to rock and 
mineral analysis 

1. Distribution coefficients 
and separation of elements 
in thiourea media (A 1981) 

2. Distribution coefficients 
of Mg, Al and other 
elements in oxalic acid and 
oxalic acid HNO3 media 
(A 1984) 

3. Selective separation of 
nickel (A 1984) 

4. Separation of Mg from large 
amounts of Al in oxalic 
acid (A 1985) 

5. Separation of Te from Au, 
In, Cd and other elements 
in HCl-acetone media 
(A 1985) 

6. Distribution coefficients 
of elements in HCl-acetone 
with a macroporous resin 
(A 1985) 

1. Distribution coefficients 
in HNOo-oxalic acid media 
(B 1970) 

2. Distribution coefficients 
in HCI-HNO3 media (A 1982) 

3. Distribution coefficients 
in HCl with variation of 
cross-linkage (A 1985) 

Determination of cobalt in 
rocks (A 1982) 

LONRHO 

MINTEK 
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RESEARCH PROGRAMME 1985 DIVISION ANALYTICAL CHEMISTRY 
Project Number Tasks (Priority, year Collaboration 

and Title started) 
Dr P.W.E. Strelow 2. Determination of nickel in 
Dr A.H. Victor rocks (A 1984) MINTEK 
Dr J.C. Anderson 
Mr T.N.van der Walt 3. Determination of bismuth, 

cadmium and indium in rocks 
(A 1984) 

MINTEK 

600/55068 

Separation of 1. Separation of iron-52 from Pretoria 
irradiation chromium targets (A 1982) Cyclotron 
products fro» Group 
cyclotron targets 

2. Separation of iron-55 from Pretoria 
Dr P.W.E. Strelow manganese targets (A 1984) Cyclotron 
Mr T.N.van der Malt Group 

600/55050 
Atoaic absorption 1. Determination of nanogram MINTEK 
spectroscopy amounts of bismuth, cadmium 
(electrothermal and indium (in rocks) 
procedures) (A 1984) 

Dr J.C. Anderson 

600/90008 
Micro-analytical 1. Analytical services to CSIR 
services laboratories, universities 

and other research groups 
Mr H.H. Lachnann 
Mrs J.J. Smit 

900/90024 

Analytical services Laboratories and other 
All personnel organizations 
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BIOLOGICAL CHEMISTRY 

Introduction 

This Division is stationed at the Veterinary Research 
Institute, Onderstepoort. Its members work in close 
collaboration and share facilities with the Rumen Biochemistry 
Section of the Animal and Dairy Science Research Institute of the 
Department of Agriculture. The research of both teams is aimed 
at increasing basic knowledge of the factors influencing digestion 
and metabolism in ruminants. In recent years, the interests of 
the Division have centred on two aspects of digestion in the 
rumen: the degradation of the major components of plant cell 
walls by a specialized group of bacteria and quantitative 
measurements of the degradation and resynthesis of protein by 
bacteria and protozoa. A new phase of the work is now being 
entered with investigations on the regulation of cellulases and 
hemicellulases of rumen bacteria and regulation of amino acid 
degradation in the rumen. 

Identification of Minority Groups of 
Actively Xylanolytic Bacteria from the 
Rumens of Sheep Fed Maize Straw Diets 

Fifty-three xylan-degrading isolates, representing six 
different morphological types which produced colonies surrounded 
by readily detectable clearings in 3% xylan agar roll tubes, were 
studied in detail. Over fifty cultural, physiological and 
biochemical characteristics were determined, ranging from 
temperature tolerance to the nature of the main fermentation 
produces. The tests snowed that seventeen of the isolates 
clearly belonged to the genus Ruminoeoacus and eight to the 
genus Butyvivibvio. These genera have long been known to play an 
important role in the digestion of plant fibre in the rumen. 
However, the taxonomic position of the remaining isolates was less 
obvious, and after grouping these according to overall patterns of 
similarity in characteristics, further diagnostic tests were run 



- 30 -

on representative strains of each group. These included the 
determination of the mole percentage of guanine plus cytosine in 
the DNA of the cells. Table 1 shows the taxonomic status of the 
minority groups, as indicated by the sum of the identification 
procedures. 

Apart from Ruminococcus and Butyvivibrio, the genus 
Eubaotevium is well represented among the actively xylanolytic 
bacteria. However, only one of the isolates could be placed in 
the ruminal species E. cellulosolvens described earlier and none 
in the known xylanolytic species E. ruminant turn. A publication 
proposing the creation of two new species E. uniforme and E. 
xylanophilum to accommodate the characteristics of the 
remaining Eubaaterium isolates is being prepared. A further 
group of isolates was found to belong to the genus Bacteroides, 
but, again, the properties of several of the isolates did not fit 
the description of any of the recognized species. Two of the 
isolates could be assigned to the genus Propionibacterium but have 
not been identified to species level yet. Likewise, the exact 
taxonomic position of an isolate of a spirochaete still has to be 
established. Two isolates of sporeformers belong to the 
genus Clostridium, but differ from species, previously described 
and the identity of some of the isolates of coccoid rods is still 
unclear. 

We have recently demonstrated in samples of maize straw 
the presence of Clostridia having cultural characteristics similar 
to those of the species which we have isolated from the rumen. 
It is therefore possible that the Clostridia which sporadically 
occur in numbers of 10^ or more per g of rumen contents are not 
true rumen inhabitants, but are introduced with the food. 

We now have a large collection of well-characterized 
cultures of hemicellulolytic rumen bacteria, some of which are 
more efficient in the degradation of xylan than others. A 
proportion of these cultures also actively solubilize filter paper 
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Table 1. Taxonomic status of minority groups of actively 
xylanolytic bacteria isolated from the rumens of sheep 
fed maize straw diets 

Isolate 
code 

Previous, provisional 
grouping represented 
by isolate(s)* 

Number of 
isolates 
in group 

Hole % 
guanine + 
cytosine 

Taxonomic 
status 

X4B54 

X3C39 
X10C60 

"Coccoid rods" 

"Short straight rods" 

2 

13 

58,1 

34,7 
35,6 

Eubacterium 
eellulosolvens 
Eubactevium unifovme 
(proposed new 
species) 

X6C58 

X10D63 

"Coccoid rods produ
cing F,A,B" 

4 38,8 

39,6 

Eubacterium xylano-
philum 
(proposed new 
species) 

X8A62 
X4B63 

"Sporeformers" 2 43,7 
44,7 

Clostridium species 
(new species to be 
named) 

X6A56 "Spirochaete" 1 39,8 Spirochaete 

X6A54 "Coccoid rods produ
cing F,A,P,S" 

2 49,2 Propionibacterium 
species 

X2B61 "Coccoid rods produ
cing F,A,B,i" 

4 44,7 Unknown 

X7B63 "Coccoid rods produ
cing F,A,B" 

4 41,3 Unknown 

X10C57 

X4C39 
X4A57 

"Coccoid rods produ
cing F,A,B,L" 

4 49,0 

48,8 
54,3 

Bacteroides species 

X1A39 "Coccoid rods produ
cing various acids" 

2 47,7 Baatevoidee 
amylophilue 

*A: acetate; B: butyrate; F- formate; L: lactate; P: propionate; 
S: succinate. 
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cellulose, while many of those not having this capacity 
nevertheless possess carboxymethylcellulase activity (see below). 
The material should thus provide a most useful starting point for 
studying the diversity of hemicellulases, their substrate 
specificities and regulation, as well as possible synergistic 
relationships. This is a research field which has received little 
attention in the past, even though it is of considerable interest 
in relation to the optimal utilization of forages by ruminants 
and, potentially, to the industrial utilization of renewable 
resources. 

Isolation of the Cellulolytic Anaerobe 
Bactevoides suocinogenes 

This species is capable of rapidly degrading highly 
ordered forms of cellulose. Although it has been reported, 
mainly by prominent American workers, to occur in high numbers in 
the rumens of animals on high-fibre diets, its presence in our 
sheep on different roughage diets was never demonstrated 
conclusively. Recently a concerted effort was made to establish 
whether this was due to differences in sample treatment or the 
culture media used. By carefully simulating the experimental 
conditions used by the American workers, B. suaainogenes was 
successfully isolated, first from a steer fed wheat straw and 
subsequently from sheep adapted to maize straw supplemented with a 
protein-mineral mix. In both cases it was the predominant 
cellulolytic species. Further work is needed to determine the 
cause of our failure over the years to obtain counts and isolates 
of this species. 

Degradation of Cellulose and 
Hemicellulose in Plant Cell Walls 
by Xylan-Fermenting Rumen Bacteria 

This proposed project has not been started yet. 
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Rates and Extents of Solubilization 
of Pure Cellulose by Different Species 
of Rumen Bacteria in Continuous Culture 

The unexpectedly high grovth rates found when four 
species of fibrolytic bacteria frori the rumen were grown in a 
pH-auxostat continuous culture syitem with finely dispersed 
Whatman No 1 filter paper cellulose as sole energy source were 
mentioned in the last Annual Report. The controlled pH of tne 
cultures was only about 0,12 units below that of the weakly 
buffered medium in the reservoir. Consequently, a limited attack 
on the substrate produced sufficient acid to lower the culture pH 
to the control value and trigger the addition of fresh medium with 
a further supply of substrate. Under these conditions, all four 
cultures solubilized only about one fifth of the cellulose in the 
medium. 

From the principle of operation of pH-auxostat control, 
it was thought that the extent of solubilization could be raised 
to levels more comparable to those observed in ruminal digestion 
by maintaining the controlled pH of the cultures at the former 
level but increasing the pH of the incoming medium. However, it 
soon became apparent that this was not the case for all organisms 
and all types of cellulose. When this strategy was applied to a 
culture of a Ruminococcus albus strain in order to force it to 
utilize more than 20% of ball-milled Whatman No 1 cellulose, 
dilution of the culture came to a virtual standstill. 
Presumably, the rate of solubilization of cellulose by this 
organism fell to a very low value when the paracrystalline regions 
of the substrate were depleted and only crystalline cellulose 
remained. In contrast, the growth rates of strains of R. 
flavefaaiene, Baatevoid.es succinogenes and Clostridium 
polysacahavolytiaum appeared to be affected to a much lesser 
degree. 

http://Baatevoid.es
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The observed contrasts in the behaviour of the 
continuous cultures indicated differences in the nature of the 
cellulase complexes of the species or strains concerned. It was 
therefore decided to undertake a more detailed study of the 
relationship between specific growth rates of representative 
strains of cellulolytic rumen bacteria and rates and extents of 
solubilization of filter paper cellulose. This was expected to 
provide useful background information for the study of the 
regulation of cellulases. However, a number of unforeseen 
technical complications hampered the progress of this project. 
One of these was the marked deterioration in the sensitivity of 
control of growth rate when the difference in titratable 
alkalinity between the inflowing medium and the cultures was 
increased to obtain higher degrees of solubilization of the 
substrate. The situation was analogous to that described by 
Herbert (1958) for the operation of turbidostat continuous culture 
systems, and it was virtually impossible to obtain steady-state 
conditions in the cultures, which are a prerequisite for valid 
calculations of rates of solubilization. 

An obvious answer to this problem was to switch to 
chemostat mode of operation of the continuous cultures, which 
tends to give stable control at growth rates distinctly below the 
maximal value. With some ingenuity, the existing equipment was 
converted to chemostat operation and an immediate improvement in 
the stability of the cultures was achieved. 

Figure 1 shows the relationship between dilution rate of 
a continuous culture of Ruminoaoaaue flavefaeiens PD1 and extent 
and volumetric rate of solubilization of Whatman No 1 cellulose. 
For comparison, a single data pair of measurements on Ruminoaoaoue 
albus 22.08.6A is also shown. The extent of solubilization of 
cellulose by strain FD1 decreased progressively from almost 100% 
at dilution rate (D) « 0,04 ti~' (mean residence time 25 h) to 21% 
at D * 0,51 h"1 (mean residence time 1,96 h). However, the rate 
of solubilization, calculated as the product of dilution rate and 
the difference in cellulose concentration between inflowing medium 
and outflowing culture, first rose with increasing dilution rate, 
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reached a maximum of just under 200 milligrams per litre culture 
per hour at D = 0,32 h~1 and then fell steeply as the dilution 
rate approached the maximum specific growth rate of the culture. 
As expected, the shape of the curve resembled that of output rate 
of biomass versus dilution rate for a chemostat culture. 
Microscopic observation of the culture at different dilution rates 
illustrated the mechanism underlying the course of the rate 

At D = 0,04 h the culture density was high, with a 
small proportion of the population adhering to the few residual 
cellulose particles and the majority of the cells "unemployed". 
At D = 0,32 h - 1, virtually all cellulose particles were densely 
colonized by cocci and there were few unattached cells, i.e. a 
situation of "full employment", whereas at higher dilution rates 
the culture density decreased progressively, most particles were 
only partially colonized and some had no adherent cocci, i.e. a 
situation of "manpower shortage". In contrast, cellulose 
particles in the R. albus culture at D = 0,05 h~' were relatively 
lightly colonized and the intensity of colonization decreased 
rapidly beyond D = 0,2 h~ 1. 

From Figure 1 it would appear that the cellulase complex 
of R. flavefaciens FD1 is well suited to the solubilization of 
fairly highly ordered forms of cellulose, such as that of Whatman 
No 1 filter paper. On the other hand, R. albus 22.08.6A appears 
to be deficient in a component of the cellulase complex required 
for the efficient degradation of this type of cellulose. However, 
the position of R. albus could be quite different with less 
ordered forms of cellulose, such as those occurring in grasses, 
and the work planned on the degradation of intact plant cell walls 
should throw light on this. 

Curves similar to those of Figure 1 are being 
constructed for strains of Bactevoides suaainogenes and 
Clostridium polysaaahavt. lyticum out these data are still 
incomplete. 
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Figure 1. Effect of dilution rate of a continuous culture of 

Ruminocoacus flavefaciens FD1 on the rate (o) and extent (o) of 

solubilization of ball-milled Whatman No 1 filter paper cellulose. 

A single data pair for rate (•) and extent («) of solubilization 

by R. albue 22.08.6A is also shown. 

Rates and Extents of Solubilization 
of Plant Cell Walls by Different Species 
of Rumen Bacteria in Continuous Culture 

This investigation will commence when the work on the 

solubilization of filter paper cellulose is completed. In the 

meanwhile, about 300 g of cell walls have been isolated from the 

pith of young maize plants by a lengthy procedure aimed at 

minimizing physical and chemical changes in the structure of the 

material. 
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Effect of pH on the Growth Rates 
of Cellulose-Digesting Bacteria with 
Cellulose as the Source of Carbon and 
Energy 

No further work has been done since the continuous 
culture facilities were required for the higher-rated project on 
rates and extents of solubilization of pure cellulose. 

Influence of Starch and Sugars on 
the Digestion of Cellulose and Hemi-
Cellulóse by Different Species of Rumen 
Bacteria 

The scope of this project has widened beyond that 
originally envisaged and it is proposed to rename the project 
"Regulation of Cellulases and Hemicellulases of Rumen Bacteria". 

Recent work in this Laboratory and elsewhere indicated 
that depression of fibre digestion in ruminants by the supplemen
ting or roughages with concentrates containing a high proportion 
of starch (or other readily fermentable sugars) need not be 
related to a decrease in the number of fibre-digesting bacteria 
caused by a fall in the pH of the rumen contents. There is some 
evidence that the reduction in the amount of fibre digested per 
day may be linked to effects of higher ruminal concentrations of 
soluble carbohydrates on the activity of the fibrolytic enzymes. 
This has led to a renewed interest in the nature of the cellulases 
and hemicellulases of rumen bacteria and their regulation. 
Present knowledge of these enzymes lags far behind that of their 
counterparts in fungi, mainly because they are largely cell-bound 
and difficult to isolate. It was, nevertheless, considered 
important to follow up current investigations into the kinetics of 
solubilization of cell wall carbohydrates by studies of the 
regulation of the enzymes involved. 
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It is generally held that the hydrolytic degradation of 
cellulose takes place through the concerted action of at least 
three groups of enzymes. Endo- $1,4 glucanases (endocellulases) 
attack the 61,4 glucosidic linkages along the cellulose chain at 
random . Their activity is conveniently measured through their 
degradation of carboxymethylcellulose (CMC). They are therefore 
frequently referred to as carboxymethylcellulases (CMCases). 

Exo-&l,4 gluoanaeee (exocellulases, cellobiohydrolases) split 
off cellobiose or glucose units from the non-reducing end of the 
cellulose and $1,4 glueosidaees or cellobiases hydrolyse 
cellobiose to glucose. Our aim is to study the effect of starch 
and certain sugars on: 

(a) The total process of solubilization of cellulose 
by growing and resting cells and cell extracts. 

(b) The components of the cellulase complex mentioned 
above. 

Convenient assay methods were a prerequisite for this, and 
different measures of success have thus f-.r been achieved in the 
development of assays for total cellulolytic activity and CMCase 
activity. 

Total Cellulolytic Activity 

Of the methods used in the study of fungal cellulases, 
the measurement of the release of cellulose-bound dye appeared to 
be that which best suited our purposes. Microcrystalline Avicell 
PH 105 was dyed with Remazol Brilliant Blue according to the 
method of Ng & Zeikus (1980), and a degree of substitution was 
obtained which agreed well with that reported by these authors. 
However, when the dyed cellulose was incorporated in a medium and 
incubated with three of our most actively cellulolytic cultures, 
solubilization was observed only in the case of Baatevoidee 
8uaainogene8. Also, dyed, ball-milled Whatman No 1 cellulose was 
solubilized much more slowly by S. euaainogenes and Clostridium 
polysaadhavolytiaum than the equivalent undyed substrate. It 
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thus appeared that the nature of the substrate was modified in the 
process of dye binding. 

The measurement of radioactivity released from Re
labelled cellulose was considered as an alternative method which 
should be sufficiently sensitive to detect even small degrees of 
solubilization. An initial trial with a very old preparation 
available within the Division showed that the major part of the 
radioactivity was spontaneously released into the supernatant 
during heat sterilization of the medium. To a lesser but still 
unacceptable degree, this was also the case with a recently 
acquired commercial preparation. Moreover, the specific activity 
of the latter was far too high for the purpose of the planned 
experiments. It was also to be expected that dilution with 
unlabelled cellulose of different particle size, degree of 
polymerization and crystallir.ity could lead to invalid 
interpretation of the results of the measurements. As no 
alternative commercial sources of labelled cellulose could be 
located, it was decided to use cultures of the aerobe Aaetobaater 
aaeti subsp. xylinus to convert ^C-labelled glucose (adjusted to 
the desired specific activity) to crystalline cellulose. 
Conditions for obtaining optimal yields have been established in 
pilot experiments using unlabelled glucose, and the first labelled 
preparations should become available for evaluation shortly. 

Carboxymethylcellulase Activity 

The Congo Red plate technique of Teather & Wood (1982) 
proved to be very convenient for screening cultures for the 
presence of CMCase. The rationale behind this method is that 
dilute suspensions of the cultures are plated on agar media 
containing a suitable carbon source and incubated until colonies 
appear. The plate cultures are then covered with an overlay 
consisting of sloppy (0,8% w/v) agar containing 0,1% CMC, and 
incubated for a further period, e.g. five hours. If it is 
important to ensure that no secondary production of enzyme occurs 
during this period, a suitable concentration of chloramphenicol 
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may be incorporated in the sloppy agar. After the second 
incubation period, the contents of the Petri dish are flooded with 
a Congo Red solution, followed by 1 M NaCl solution. Undegraded 
CMC reacts with the Congo Red to give a pink background. Where 
colonies have produced CMCase during growth, this diffuses into 
the overlay and degrades the CMC present. Viewed in transmitted 
light, such colonies are surrounded by a concentric colourless 
zone. By including potential inducers or repressors of CMCase in 
the growth layer or potential stimulatory or inhibitory carbon 
sources in the overlay, the usefulness of the technique can be 
extended to obtain qualitative information on the regulation of 
CMCase. However, a shortcoming of the technique is that evidence 
of repression by a compound is inconclusive if the same compound 
causes inhibition of preformed CMCase in the overlay. 

Three strains of Ruminoaoaeus albus, two each of R. 
flavefaciens, Butyvivibvio fibrisolvens and Eubaetevium uniforme 
(novum spec.) and one each of Baatevoides suaainogenes, 
Clostridium polysacchavolyticum, a new Clostridium species, a 
spirochaete and an unidentified coccoid rod were examined by this 
method. The B. suoainogenes strain and one strain each of R. 
albus and R. flavefaciens were known to solubilize Whatman No 1 
cellulose; the remaining cultures were non-cellulolytic, but 
actively degraded xylan. Rather unexpectedly, not only the 
cellulolytic, but also the non-cellulolytic cultures were found to 
have CMCase activity. Moreover, while at least part of the 
cellulase complex required for the solubilization of filter paper 
cellulose by B. suaoinogenes is cell-bound, the CMCase of this 
organism diffused into the sloppy agar overlays. This culture 
was the only one which showed fairly conclusive evidence of 
repression of CMCase synthesis in the presence of starch. On the 
other hand, only in the case of the non-cellulolytic ruminococci 
and the unidentified coccoid rod was the activity of preformed 
CMCase inhibited by starch in the overlay. With the exception of 
the B. suaainogenes strain, all the test organisms were known to 
utilize xylan. When grown with xylan as sole substrate and 
tested for CMCase activity, all strains showed a positive 
reaction, indicating that cellobiose was not required for 
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induction. Mandels & Reese (1959) reported that arabinose does 
not induce CMCase in the basidiomycete QM 806. On the assumption 
that this also applied to fibrolytic rumen bacteria, those of our 
test organisms which were able to utilize arabinose (mainly the 
non-eellulolytic ones) were grown with this sugar as carbon source 
and tested for CMCase production. All gave a positive result, 
suggesting that CMCase in these organisms is constitutive. 

Xylanase Activity 

While testing the effect of xylan on CMCase regulation, 
it was discovered that this carbohydrate also reacts with Congo 
Red. This made it possible to obtain qualitative information on 
the regulation of xylanase by applying techniques analogous to 
those described above. Using the same collection of cellulolytic 
and non-cellulolytic, xylan-degrading cultures as before, and 
testing for xylanase activity after growth on xylan, cellobiose 
and a combination of the two, evidence was obtained that in six of 
the strains xylanase is not constitutive. 

Role of Protozoa in Protein 
Breakdown and Synthesis in 
the Rumen 

* • 

A study of the influence of diet and numbers of protozoa 
on the breakdown and synthesis of protein in the rumen has been 
concluded and written up for publication. 

Four sheep were fed in succession diets compounded of 
maize straw, molasses, fishmeal and 0, 30, or 61% maize grain. 
Two sheep were then readapted to the 30% grain diet and defaunated 
by killing the ciliate protozoa with dioctylsulphosuccinate. 

The number of protozoa in the rumen was three times 
higher with the 30% grain diet than when no grain was fed. With 
the 61% grain diet the numbers of protozoa were considerably 
higher in some sheep and in others, equal to or less than with the 
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intermediate diet. The proportion of small entodinia declined as 
the grain content of the diet increased, while that of the large 
entodinia and epidinia, as well as that of Ophryoscolex and 
Polyplastron-like protozoa increased. As a result, the volume of 
protozoa in the rumen increased more than their numbers. They 
occupied 1-3, 3-15, and 7-48% respectively of the volume of the 
ruminal contents when zero, medium and high grain diets were fed. 

Total microbial non-ammonia nitrogen (NAN) and bacterial 
NAN in the digesta flowing to the duodenum were measured using S 
and diaminopimelic acid respectively as markers. Protozoal NAN 
was obtained by difference. It constituted on average 38% of the 
microbial NAN. There was no correlation between the amount of 
protozoal NAN entering the duodenum and the pool of protozoal NAN 
in the rumen. 

Diet did not influence the flow of microbial NAN to the 
duodenum. Defaunation resulted in a large increase in the flow 
of bacterial NAN, the amount being significantly greater than that 
of bacterial plus protozoal NAN in the faunated animals. The 
energetic efficiency of protein synthesis, i.e. g microbial NAN 
per kg organic matter digested in the rumen, was significantly 
increased by defaunation. However, in the faunated animals 
therewas no correlation between the efficiency of synthesis and 
either the number the volume of protozoa in the rumen. In this 
context,the volume of protozoa is the more relevant variable 
because the larger protozoa ingest more bacteria than the smaller 
species and hence may cause a greater turnover of microbial 
protein within the rumen. It appears, therefore, that the mass 
of protozoa in the rumen does not determine the efficiency of net 
protein synthesis, per ee. It is only when the balance of 
microbial population is disturbed by abrupt removal of the 
protozoa that efficiency is increased. 
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Regulation of Amino Acid 
Degradation by Rumen Bacteria 

The breakdown of feed protein to amino acids by the 
microorganisms in the rumen does not in itself lead to loss of 
amino acids to the animal. This only occurs when the amino acids 
are subsequently degraded to ammonia, because the ability of the 
bacteria to reuse this ammonia for protein synthesis is limited by 
the availability of energy. This can result in a net loss of 
protein to the animal when high-protein diets are fed. The 
control of amino acid degradation in the rumen is thus of economic 
importance. 

A study has been undertaken of the genetic regulation of 
the enzymes involved in amino acid degradation by rumen bacteria. 
The ability of different species to grow with amino acids as the 
sole source of nitrogen was investigated. Selenomonas vuminan-
tium grew well in a chemically defined medium where nitrogen was 
supplied only by cysteine plus any one of the following amino 
acids: histidine, alanine, arginine, glutamic acid, valine, 
methionine, lysine, tryptophan, serine, phenylalanine and 
proline. It did not grow with cysteine alone. Megasphaeva 
elsdenii also grew on all combinations other than cysteine 
plusmethionine, but its growth was generally slower than that 
of Selenomonae vuminantium. Baatevoidee vuminiaola only grew on 
the medium containing cysteine plus methionine. 

Since these results showed that Selenomonas 
ruminantium degraded histidine, and the histidine utilizing (HUT) 
operon has been well characterized in bacteria from outside the 
rumen, it was decided to start by investigating the control of the 
HUT operon in this species. Work is in progress to determine the 
effect of the presence of glucose and ammonia on the induction of 
histidase, the first enzyme in the degradation. 
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Measurement of. Protein 
Degradation in sacco 

The in sacco technique, in which feed samples are 
incubated in nylon or polyester bags in the rumen to determine the 
degradability of protein or fibre, is based on the assumption that 
the samples inside the bags are exposed to the same microbiologi
cal action as food in the rumen. Work reported last year showed, 
however, that the numbers of the different classes of both 
protozoa and bacteria in the bags could differ markedly from those 
in the rumen, depending on the mesh size of the bag. 

The rate of entry of bacteria and protozoa into the baas 
has now been studied. When bags were placed in the rumen of 
sheep fed lucerne hay twice a day, the number of protozoa inside 
plateaued after 12 h, but the numbers of total culturable and pro
teolytic bacteria still increased markedly between 12 and 16 h. 
When the sheep were fed the same diet every 4 h, the number of 
bacteria inside the bags appeared to level off more quickly. This 
difference in behaviour may be due to differences in availability 
of feed in the rumen, which would discourage migration of the 
bacteria into the bags. Since one method of measuring protein 
degradation in the rumen involves determining the time course of 
disappearance of nitrogen from the bags over 12 h, the rate of 
entry of microorganisms into the bag is critical. The effect on 
the rate of entry of bacteria, of the time of placement of bags in 
the rumen, in relation to the time of feeding the animal will be 
studied further. 

Precursors of Blood 
Glucose in Sheep 

Production of propionate in the rumen of two sheep fed 
poor teff hay, and the utilization of propionate for the synthesis 
of glucose in the animals were measured using 1-14C- and 
2-14C-propionic acid and 6- H-glucose. 
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Using 2-'4c-propionate as a tracer, the production of 
propionate in the rumen was calculated to be 0,87 and 0,59 moles 
per day in two animals. Of these amounts 65% and 59% 
respectively, were converted to glucose, supplying 53% and 32% of 
the glucose synthesized. As expected, the production of 
propionate in the rumen when poor teff hay was fed was less than 
found by other workers in sheep fed lucerne hay, but the extent of 
conversion of propionate to glucose was greater. This is in line 
with recent findings elsewhere that conversion of propionate in to 
glucose also increased in pregnant and lactating ewes, where the 
requirement for glucose was high in relation to the supply of 
glucogenic substrates. 

The calculation of the fraction of glucose derived from 
propionate from the direct transfer of label from 2-'^C-propionate 
to glucose ignores the possibility of cross-over of label from the 
tricarboxylic acid cycle. This would result in dilution of the 
label, and underestimation of the conversion of propionic acid to 
glucose. At present there is no generally accepted method for 
measuring cross-over, and its importance is a matter of dispute. 
Thomson (Thesis, University of California, Davis,1971) has 
proposed a simple method for estimating cross-over and correcting 
for it, based on the measurement of the ratio of incorporation of 
label from 1- C- and 2-'4C-propionate into glucose. Using this, 
the conversion of propionate to glucose in the two sheep in the 
present study was calculated to be 109 and 99 respectively, while 
the proportion of glucose derived from propionate was 89 and 55%. 
Thomson's method has been criticized, but the conclusion drawn 
from its application to the present study makes sense viz , in 
sheep which are chronically undernourished all available 
propionate is converted in to glucose, thus reducing the need to 
draw on the limited amino acid supply for gluconeogenesis. This 
concludes the work on this project. 
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RESEARCH PROGRAMME 

New tasks have been completed and have thus been deleted 
from the programme. One of these was the determination of the 
availability of propionic acid for glucose synthesis in sheep fed 
low quality teff hay. This terminates the direct involvement of 
the Division in studies on the role, in the metabolism of the host 
animal, of metabolites produced by microbial action in the rumen. 
The other two tasks which have been completed are the identifica
tion of minority groups of actively xylanolytic bacteria from the 
rumens of sheep fed maize straw diets and the investigation of the 
effect of protozoa on the degradation and synthesis of protein in 
the rumen. The scope of the task described under 1.3 of the 
Research Programme for 1984 has widened, from an investigation 
into the influence of starch and sugars on the digestion of 
cellulose and hemicellulose by different species of rumen 
bacteria, to a study of the regulation of cellulases and 
hemicellulases of rumen bacteria. The title of the task has 
therefore been changed accordingly. No new projects or tasks are 
planned for the immediate future. 

The activities of the Division are now confined to two 
aspects of ruminal digestion, namely the degradation of plant cell 
wall carbohydrates by rumen bacteria and the role of micro-
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organisms in the degradation and synthesis of protein in the rumen. 
The latter studies fit in with related investigations of nitrogen 
metabolism by researchers of the ASDRI, Irene. Both these aspects 
are of relevance to practical problems in ruminant utrition in the 
Republic. 
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RESEARCH PROGRAMME 1985 DIVISION: BIOLOGICAL CHEMISTRY 

Project Number Tasks (Priority, year Collaboration 
and Title started) 

600/50002 1. Fibre degradation in the 
rumen 

ASDRI 

Digestion and 
•etabolisn in 
ruainants 

Dr A Kistner 1.1 Influence of pH on the 
growth rates of cellu-
lose-ditesting bacteria 
with cellulose as carbon 
and energy source 
(B 1982) 

Dr N.O. van 1.2 Degradation of cellulose 
Gylswyk and hemicellulose in 
Dr S.I. van der plant cell walls by xyla-
Walt nolytic rumen bacteria 

(A 1978) 
Dr P. du Preez 1.3 Regulation of cellulases 

and hemicellulases of 
rumen bacteria (A 1980) 

Dr A. Kistner 1.4 Growth rates and rates of 
solubilization of cellu
lose by different bacte
rial species in conti
nuous culture (A 1983) 

Dr A. Kistner 1.5 Growth rates and rates of 
Dr S.I. van der solubilization of plant 
Walt cell walls by different 

bacterial species in con
tinuous culture (A 1984) 

2. Degradation and synthesis 
of protein in the rumen 

ASDRI 

Miss Y. van der 2.1 Influence of carbohydrate 
Linde on the degradation of 

amino acids by rumen 
bacteria (A 1983) 

Mr J.H.P. Meyer 2.2 Types and numbers of 
bacteria and protozoa 
which attach substrates 
inside nylon bags placed 
in the rumen (A 1984) 
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CORROSION RESEARCH 

Long Term Contract Investigations 

Optimization of Dry- and Wet-dry Cooling Systems at 
Power Stations - This project came to an end after the scheduled 
3 years, at the end of 1982. Certain long-term exposure tests of 
a more fundamental nature of interest to the Division are being 
continued. It was considered of general significance as far as 
heat rejecting metal surfaces are concerned to study the effect of 
the relationship between the dew-point temperature (T ) , the metal 
surface temperature (Z.)and ambient temperature (T )on the 
corrosion rate of the metal (£„)• Present indications are that 
at T = T' (or at 100% relative humidity conditions) the 
corrosion rate decreases with increased temperatures in the 
absence of atmospheric pollutants. This is ascribed to the 
improved corrosion protection properties of the air-formed film at 
higher temperatures. 

Short Term Contract Investigations 

Completed Tasks 

(i) Corrosion of brass and cupro-nickel heat 
exchanger tubes in the gold mining industry, 
by mine waters contaminated with ammonia 
originating from ammonium nitrate explosives. 
NIWR, C. Chem. 461. 

(ii) The effect of stray electrical currents derived 
from the newly electrified railway line on an 
existing cathodic protection system at Hoedspruit 
Air Force Base. Community Development, C. Chem. 
467. 
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(iii) Corrosion of a television camera in the Kango 
Caves in the little Karoo. Firm of Attorneys, 
C. Chem. 470. 

(iv) An investigation of the problems encois itered with 
supply of sea-water from Durban beach wells. 
Durban Corporation, Webb and Partners, C. Chem, 
471. 

(v) Corrosion of induction heating cooling elements. 
P.M.P., C. Chem. 472. 

(vi) Stray current survey. Ka Nyamazane to Kabokweni 
Pipeline. Stein and Partners, C. Chem. 473. 

(vii) Corrosion of fire-mains, Hyperama, Pretoria, 
Improvair, C. Chem. 474. 

(viii) Electrolytic corrosion of water cooled electronic 
components. SABS, C. Chem. 476. 

(ix) White-metal corrosion in ammonia compressor by 
contamination with water. C. Chem.. 478. 

Research Projects 

Corrosion Resistance of Newly 
Developed Stainless Steel Alloys 

Following discussions with the National Institute for 
Materials Research, a collaborative research programme has been 
agreed upon, and alloy specimens are being awaited, for 
investigation of their corrosion resistance properties. 
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The Corrosion Rate of Mild Steel as 
Controlled by the Chemical Composition 
of the Water and the Operational 
Characteristics of the System 

To establish whether the conclusion reached by means of 
electrochemical techniques as applied to rotating disk electrodes 
is of equal significance under practical exposure conditions, a 
series of tests, involving pipe sections introduced into a 
recirculation system and removed after previously selected 
periods, were conducted. 

The earlier results, showing that at a concentration 
below approximately 0,001 per cent NaCl in the corrosiori medium, 
the corrosion rate is independent of the square root of the 
rotation speed, indicate complete activation control. Since Rand 
Water Board water contains chlorides of this order, this 
conclusion would indicate that the local tap water could be 
predominantly under activation control. Tests carried out with 
tap water gave the following results: 

(a) Increased flow speeds have very little effect on the 
corrosion rate. 

(b) Increased temperatures have a marked effect on the 
corrosion rate. 

These results confirm that the corrosion processes of 
mild steel in Rand Water Board water are controlled by the 
activation reaction rather than by the oxygen diffusion rate. 

The Relative Influence of Chloride and Benzoate 
Ions on the Corrosion Rate of Mild Steel 

Sodium benzoate is a non-oxidizing compound which has an 
inhibitive effect on the corrosion of iron or steel in the neutral 
pH range. 
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The concentration of dissolved oxygen has a marked 
influence on the passivation process. Sodium benzoate effectively 
inhibits steels in aerated distilled water, but inhibition is not 
observed in deaerated water. 

Movement of the solution relative to the metal usually 
assists the inhibitive action of sodium benzoate, probably by 
maintaining the concentration of inhibitor at the metal surface 
and increasing the aeration by the replenishment of dissolved 
oxygen. 

Various theories have been put forward concerning the 
action of sodium benzoate as an inhibitor. Several of these 
stress the importance of adsorption of the inhibitor on the 
surface, and the fact that the inhibitive anion is contained in 
the surface deposit. 

It is suggested that, in the presence of benzoate, 
oxygen is more able to oxidize ferrous to ferric ions. 
Consequently, any ferrous ions produced at the local anodic areas 
are rapidly oxidized and the air-formed film is repaired with 
plugs of a ferric compound. 

The film formed by the inhibiting solution has been 
established to be an anhydrous cubic oxide of similar composition 
to that of the air-formed film. 

It was concluded that in such solutions the air-formed 
film was rapidly thickened by formation of anhydrous oxide and 
that the inhibition cannot be attributed solely to adsorption or 
to the repair of weak spots in the air-formed film. 

On the other hand, when sodium chloride is added to the 
solution until corrosion occurs, there is a sharp drop in 
potential indicating the breakdown of a protective film. 

It was found that in solutions containing aggressive 
anions such as CI" a linear relationship exists between the 
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logarithm of the benzoate concentration and the logarithm of the 
maximum concentration of aggressive anion that will permit 
inhibition. 

In the present work, cyclic voltammmetry and 
measurements of corrosion rates with a rotating disk electrode are 
used to study the relative influence of chloride and benzoate ions 
on the passivation current and the corrosion of mild steel in 
neutral solutions. (All solutions were adjusted to pH 7,0 with 
HC1 or NaOH). 

Cyclic Voltammetry 

The specimens (2 an2 disks of mild steel inserted in 
perspex) were first immersed in the solution for at least 16 h. 
The potential of the working electrode was then changed at various 
constant rates between two limits (-0,150 aid 1,150 V vs the 
saturated calomel electrode) and the current response recorded on 
a X-Y recorder. 

A typical cyclic voltammogram is shown in Figure 1. 
One anodic and one cathodic peak appear clearly in the 
voltammogram. After several cycles, both peak currents reach a 
constant value and increase with increasing scanning speeds. 

Anodic Peak - The anodic peak can be related to a passi
vation process occurring at the electrode. The values of the 
peak current (scanning speed = 50 mV s~l) are given in Table 1. 

If a process is diffusion controlled the peak current is 
related to the scanning speed by the following relationship: 

ip = Cte.ns/2.A.D.C°.vl/2 (1) 

where ip is in Amp, A in cm 2, D the diffusiom coefficient in cm 2 

s~ 1, 0° the bulk concentration in mol cm^, and v the scan rate 
in V a - 1. 



[7 
- 54 -

j 30. 

I 

20 

10 

' i (mA) 0.0 

- - 10. 

- 20 

- 30 
0 0 -0 5 -10 -1.5 

Volfs (S.C.E) 

Figure 1. Voltananograms of mild steel at different scanning 
speeds (0,25M NaCl, 0,035M C 6H 5COONa). 

At any constant C°, equation (1) predicts a linear 
dependence of ip on vl'2. Equation (1) may also be written 
in the form: 

log i P - A + B log v 

with the slope B - 0,5 for a diffusion controlled process. 

The slope values are close enough to 0,5 to suggest that 
the anodic process is diffusion controlled. On the other hand, 
the peak current decreases with an increase in sodium benzoate 
concentration (Table 1) and a higher rotating speed of the 
electrode (Figure 2). 

The fact that the peak current increases with an 
increase in scanning speed but decreases with both an increase in 
sodium benzoate concentration and a higher rotating speed of the 

If the reaction takes place at the electrode, the amount 
by which the concentration of ferrous ions is decreased from its 

J I L 
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Table 1. Anodic Peak Current (mA) (Each Value is the Mean of 
Two Experiments" 

[C6H5COON6] 

mol 1"1 

[NaCl] 
0,025 0,035 0,050 0,075 0,100 

mol I"1 

0,025 0,035 0,050 0,075 0,100 

0,125 

0,250 

0,500 

1,000 

8,00 

10,45 

15,12 

20,25 

6,03 

7,86 

10,17 

11,77 

5,92 

6,02 

7,64 

7,79 

3,90 

4,77 

4,82 

5,23 

3,17 

3,-3 

3,59 

4,28 

electrode, is not necessarily contradictory if we consider that 
the anodic peak represents a passivation process which is 
diffusion controlled but made easier with higher concentrations in 
sodium benzoate and dissolved oxygen. 

During inhibition the air-formed oxide film is 
stabilized either by the formation of material of similar 
composition or by local deposits of an insoluble ferric salt or 
basic ferric compound. 

In both cases the anodic reaction is: 

Pe2+ „ Fe3+ + e~ (2) 

Since benzoate is a non-oxidizing anion the conversion 
of ferrous in to ferric ions must take place electrochemically at 
the electrode surface or be brought about by the oxygen in 
solution. 

If the reaction takes place at the electrode, the amount 
by which the concentration of ferrous ions is decreased from its 
initial value at any specific potential is related to the total 
amount of reaction before that potential is reached. However, 



- 56 -

75 

25 

i(mA) 

-2 5 

-5 -

_L _L _L 
00 -0 5 -1.0 -1.5 

Volts (SC.E) 

Figure 2.Voltananograms of mild steel electrode at different 
rotating speeds (in r.p.m.) 1: 525, 2: 1000, 3: 1450, 4: 2000, 5: 
2700, 6: 3500. Scanning speed 50 mV/sec. (0,5M NaCl, 0,05M 
C6H5COONa). 

the maximum instantaneous current at any potential is fixed, while 
the time required to traverse a given potential interval is set by 
the scan rate. Thus, the higher the scan rate, the lower the 
amount of reactant consumed and the higher the peak current. 

On the other hand, if the ferrous ions are oxidized by 
dissolved oxygen, the thermodynamic condition is that the 
potential at which oxygen is reduced on the surface of the steel 
must be greater than the redox potential of the Fe 2 +/Fe 3 + system. 
The lower the redox potential the greater the reducing power of 
the ferrous ions, and it has been shown by Mayne and Turgoose 
(1975) that with benzoate the redox potential of the F e 2 V F e 3 + 

system is decreased. 

It must still be verified if the redox potential of the 
Fe 2 +/Fe 3 + system is related to the concentration in benzoate 
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ions. If this should be the case, a higher concentration in 
benzoate and a higher supply in oxygen (rotating electrode) would 
of electrochemically at the electrode, and the peak current is 
then lower. 

The relative influence of chloride and benzoate ions on 
the peak current is given in Table 1. 

A regression analysis on these values yields the 
following equation: 

In i p = A + B ln[NaCl] + C In[C6H5C0ONa] 
+ D In[NaCl].In[C6H5COONa] (3) 

With ip expressed in mA and the concentrations in mol I""' the 
constants have the following values : 

A - 1,25344 
B : - 0,46690 
C : - 1,13431 
D : - 0,23691 

formula. 
Figure 3 represents a tridimensional model based on this 

A more simple equation like: 

In i p = A + B In[NaCl] + C ln[C6H5COONa] (4) 

with A = - 0,51794 
B = - 0,24051 
C - - 0,88799 

could be used, but the agreement between observed and calculated 
values is then a little lower. However, this equation appears to 
be more realistic, considering that it express in a better way the 
relative influence of chloride and benzoate anions, while 
retaining good agreement between observed and calculated values 
(variance estimate 1,44 x 10~ 2). 

s ~—+-m w 
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10,0 r-

Pigure 3. X: [NaCl] Mol.L - 1, Y: [C6H5COONa] Mol. L _ 1, Z: ipmA. 

Cathodic Peak - The cathodic peak of the cyclic 
voltammogram also seems to be diffusion controlled although the 
slope in formula (2) has higher values (between 0,6 and 0,7). 
Figure 2 shows also that the cathodic peak current increases with 
the rotating speed of the electrode. 

At present, it is difficult to ascertain whether the 
cathodic peak represents the desorption of the inhibitor, the 
reduction or desorption of a corrosion product, or a different 
phenomenon. 

Corrosion Rate Measurements with the 
Rotating Disk Electrode 

The specimens (0,77 cm^ disks of mild steel inserted in 
Teflon) were immersed in the solution for at least 16 h before 
linear polarization measurements were made at different rotating 
speeds (from 0 to 3500 r.p.m.). 
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The reciprocal of the polarization resitance 1/P.R-, 
where ?./?. is expressed in kilo-ohms, was used as a measure of 
corrosion rate.13 

The results for a concentration of 0,5M-NaCl and 
different concentrations in CgHsCOONa are shown in Pigune 4. 

The linearity between 1/P.R. and the square root of the 
rotating speed, , indicates that the corrosion is under 
diffusion control (except for the case of CIM-CgHsCOONa). 

The slope of 1/P.R. vs u> seems to be linearly related 
to the concentration in sodium benzoate. This could indicate 
that, for high NaCl concentrations, the effect of the benzoate 
ions is not so much to form a passive layer (which is made 
difficult by the high concentration in chloride ions), but to 
hinder the diffusion of dissolved oxygen towards the electrode 
surface. With increasing concentration in sodium benzoate there 
would be increasing competition between the diffusion of benzoate 
ions and dissolved oxygen towards the electrode. Davies and 
Slaiman (1971) came to the same conclusion when they found an 
inverse relationship between the diffusion coefficient of oxygen 
and the benzoate concentration. 

The same kind of measurements must still be done with 
lower NaCl concentrations. It is to be expected that, for lower 
NaCl concentrations, the inhibitive effect of the benzoate ions 
would be by means of a different mechanism. 
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Figure 4. Corrosion rates of mild steel in 0,5M NaCl at different 
concentrations in CgHsCOONa ve the rotating speed. 

RESEARCH PROGRAMME 

Following the retirement of Dr C.E. Bird as Divisional 
Head, and the return of Dr G. Glass from the University of 
Manchester, aspects of the research programme have been 
reconsidered. The service-related project (600/70000) has been 
omitted from the 1985 programme, since the contracts have been 
completed, and the Division will be unable to undertake new 
medium-term tasks in the forthcoming year. An existing 'small 
contract' project (600/90057) has been included to cope with 
inquiries from Industry. The tasks on projects 600/70018 and 
600/70075 have been redefined. A comprehensive re-examination of 
the Divisional projects will await the appointment of a new Head. 

0 025 
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RESEARCH PROGRAMME 1985 DIVISION: CORROSION RESEARCH 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/70018 

Electrochemical 
aspects of the 
corrosion of 
•etals in 
industrial media 

Corrosion resistance of newly 
developed stainless steel 
alloys (A 1985) 

NIMR 

Dr P.V. Scheers 
Mr F.J. Strauss 
Mr M.J. Swanton 

600/70075 

The anodic passi
vation of metals 
in the presence of 
dissolved 
inhibitors 

Influence of the local 
environment on the corrosion 
of iron or steel (A 1985) 

Dr G K Glass 
Dr P V Scheers 
600/70091 
Fundanental aspects 
of electrochemical 
cells 

Dr P.V. Scheers 
Dr G.K. Glass 
Mr F.J. Strauss 

The relative influence of 
aggressive and inhibitive 
ions on the corrosion of iron 
or steel (A 1983) 

600/90057 

Dr P.V. Scheers 
Dr G.K. Glass 

Service and information to 
Industry (1975) 

Small Contracts 

2 «*-»• •wr w 
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INORGANIC CHEMISTRY 

Introduction 

The Division continues in its aim of developing 
organometallic systems for use as catalysts in homogeneous 
reactions of industrial importance. To this end, the Division is 
structured into a preparative section investigating new routes to 
reactive organometallic compounds, a catalysis section which 
evaluates compounds synthesized in the preparative section, and a 
kinetics and mechanisms section which quantifies promising results 
in both the above areas. 

Three factors have contributed significantly to the 
Division's development over the last year. These are: 

(i) The establishment of an efficient, active, catalysis 
section, 

(ii) the solving, by the Division's X-ray crystallographer, 
of a number of crucial crystal structures, and 

(iii) access to a 500 MHz NMR instrument. 

The latter has helped resolve the solution dynamics of a series of 
hydride migrations in ruthenium complexes. This has had the 
effect of considerably expanding the Division's programmes and 
interests into some significant new areas. These factors are all 
highlighted in the relevant sections. 

The Natural Sciences and Engineering Research Council of 
Canada recently awarded Professor Alan Shaver of McGill 
University a substantial research grant to extend the cooperative 
programme between his group and this Division on the industrial 
applications of ruthenocene and osmocene. This award will give 
considerable impetus to this part of the Research Programme. 
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Allyl and Carboxylate Metal Complexes 

Ruthenium Carboxylate Complexes 

The protonation of the bis-allyl complex [Ru(n-*-C3H5)2-
(cod)](cod=cycloocta-1,5-diene) with CF3COOH has earlier been 
shown to give the novel dimeric ruthenium(II) carboxylate complex 
[Ru2(P-02CCF3)2(u-H20)(cod)2(02CCF3)2] (1). Subsequent work has 
now been carried out to generalize this synthesis. 

cod II 
(I) 

For example, protonation of [Ru(n3-C3H5)2L] (L=cod and bicyclo 
[2.2.1]hepta-2,5-diene=norbornadiene) with the haloacetic acids 
RCOOH (R=CF3,CC13 and CH2Ci) has given the dimers [RU 2(M-0 2CR) 2-
(p-H20)L2(02CR)2]/ isostructural with (1), in 60-90% yields. 

A selection of reactions has been carried out on (1) and 
two types of substitution reactions have been observed, one 
ii./olving retention of the metal carboxylate framework, and the 
other breakdown to ruthenium(Il) carboxylate monomers. 

Reaction of (1) with carbon monoxide in tetrahydrofuran 
(thf) gives a complex of composition [Ru(C0)2(thf)(02CCF3)2] . 
This is believed to be dimeric (x = 2), and to have a structure 
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similar to (1) except that the cyclooctadiene ligands are replaced 
by carbonyl groups, and two thf molecules replace the bridging 
aquo ligand. Similar products can be obtained by reacting (1) 
with CO in other coordinating solvents e.g. dioxane, and by 
reacting the dimers [Ru 2(P-0 2CR) 2(v-H 20)(cod) 2(0 2CR) 2] (R = CCI3, 
CH2ci) with CO in thf. Those products are all highly reactive 
towards solvent substitution and their chemistry is currently 
being investigated. It is envisaged, for instance, that they may 
be precursors to complexes containing bridging methylene units by 
reaction with diazomethane. 

Only in one instance so far has (1) been found to react 
with a tertiary phosphine ligand with retention of the metal 
carboxylate framework. Stoichiometric additions of PMe2Ph to (1) 
in thf at 25"C gave the complex [Ru 2(y-0 2CCF 3) 2(M-H 2O)(O 2CCF 3) 2-
(PMe2Ph)4] in 50% yield. 

In the case of stoichiometric additions of PPh3 to (1), 
a dimeric product is probably obtained, but this has not yet been 
unequivocally confirmed. It is also possible that the formation 
of monomeric ruthenium(II) carboxylate phosphine complexes by the 
reaction of (1) with excess ligand (see below) may proceed via an 
intermediate phosphine substituted dimer, and an NMR and UV-vis 
spectroscopic study is presently underway. 

The complex [RU 2(P-0 2CCF 3) 2(M-H 20)(0 2CCF 3) 2(PMe 2Ph) 4] 
has also been obtained by the reaction of CF3CCOH with 
[RuH(cod)(PMe2Ph)3]PF6 in diethyl ether. More importantly, 
however, it has also been prepared by the protonation of the 
complex [Ru(n3-C3H5)2(PMe2Ph)2] in thf, further emphasizing the 
generality of the protonation reaction for the preparation of 
ruthenium(II) carboxylate dimers similar to (1). 

The reaction of (1) with an excess of ligands L (L = 
PMe2Ph, PMePh2, PPh3) in diethyl ether gives products of composi
tion [Ru(0 2CCF 3) 2L 3]. These are assigned a facial configuration 
on the basis of 1H NMR data for [Ru(02CCF3)2(PMe2Ph)3]. Reaction 
of (1) with chelating diphosphine ligands L 2{L 2 = Ph 2P(CH 2) nPPh 2; 



- 66 -

n = 1(dppm), n - 2(dppe)} gives products of stoichiometry 
[RufC^CX^^d^^l • I n t n e c a s e o f L2 ~ dPP m* ^ l p ™R spectra 
were used to assign a trans configuration of monodentate 
trifluoroacetato ligands and for L2 = dppe a ais configuration. 

Other reactions of (1) with ligands that result in the 
breakdown of the metal carboxylate framework include the reaction 
with isonitriles and nitrogen donor ligands. These give complexes 
of stoichiometry [Ru(02CCF3)2(CNR)4](R = 2,6-(CH3)2C6H3) and 
[Ru(02CCF3)2(cod)L2](L = py; L 2 = bipy, phen) respectively. 

The complexes [Ru2(n-02CR)2( VHS20)(diolefin)2-
(02CR)2l(diolefin = cod, norbornadiene; R = CF3, CCI3, CH2C1) 
also possess considerable potential as precursors to a variety of 
more unusual products. For instance, it is envisaged that 
reaction with carbene precursors e.g. diazomethane, will lead to 
bis(methylene) bridged carboxylate complexes via displacement of 
the bridging aquo ligand. In fact reaction of (1) with 
diazomethane in diethyl ether was observed to occur, although the 
product could not be isolated. Reactions with other diazo 
compounds are now being studied. 

The complex (1) also reacts readily with C o ^ C O ) ^ in 
thf at 40"C to give a red material as the major product. This 
compound possesses both carbonyl and carboxylato ligands (as 
indicated by IR spectroscopy) and is possibly a cluster of 
ruthenium and cobalt. Studies have, however, been complicated 
by the instability of the product both in the solid state and in 
solution. The products of these decompositions are also being 
examined. 

Reaction of (1) with acids of non-coordinating 
anions e.g HPFg, gives ruthenium(II) salts with readily available 
coordination sites. Thus, in acetonitrile as donor solvent, 
reaction with an excess of HPFg gives the salt 
[Ru(cod)(NCMe)4l(PFg)2. These reactions are being further 
investigated in more labilizing solvents e.g. thf, as routes to 
cationic ruthenium(II) complexes. 
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Cyclopentadienylmetal Complexes 

Ruthenocene and Osmocene 

As mentioned in last year's Annual Report, [CpRuH(cod)] 
has been prepared from the reaction of [RuH(cod)(NH2NMe2)3]PFg and 
cyclopentadienyl thallium (= CpTl). This is a somewhat tedious 
route, and consequently attempts have been made to synthesize the 
cyclopentadienyl hydride complex from more readily available star
ting materials. Our endeavours have not yet given a better syn
thesis of the required hydride. Instead, a new route to rutheno
cene and osmocene [Cp2M](M = Ru and Os) has been the result. 
This discovery means that these metallocenes can be made in high 
yields and, in any amounts, from commercially available ruthenium 
salts. Previously these compounds have been available in limited 
quantities via tedious, low yield routes; a factor which has made 
them exceedingly expensive. The potential of derivatives of 
these metallocenes as hydraulic fluids, sensitizers, and in photo-
imaging as well as UV-irradiation shielding in space work, has 
thus not been realized commercially because of prohibitive costs. 
The new route and variations on it (for example high yield synthe
sis of the pentamethylcyclopentadienyl complexes [(CjMej^Ru] and 
[(C5Me5)OsH(cod)]), open up a vast area of study of these com
plexes in both the academic and industrial spheres. 

Reactions of [CpRuX(cod)](2; X » H and CI) 

Treatment of (2; X=H) with the chelating diphosphines 
R2PCH2CH2PR2(= ^2' R " M e a n d P n ) n a s 9 i ven the n1-cyclooctenyl 
complex [CpRu(n1-C3H13)L2] (3) which has been characterized 
crystallogr-phically (see X-ray crystal structure determina
tions). With Bu tNC and (2; X - H) the ruthenium cyanide 
[CpRuCN(CNBut)2] was formed, presumably by hydride ion attack on 
the tertiary carbon atom of a coordinated isocyanide ligand. The 
reaction of (2; X * CI) with an excess of phenyl acetylene gave 
red crystals of [CpRu(C6H3-1,2,4-Ph3)]Br formed by an asymmetric 
trimerization of three phenyl acetylene molecules. The bromide 
ion results from impurities in the phenyl acetylene. This 
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compound was also characterized by an X-ray structural 
determination (see X-ray crystal structure determinations). 

The Relationship Between Structure and Reactivity 

NMR Investigation 

Detailed 500 MHz NMR studies on the cations 
[RuH(diolefin)L3]+ (L = tertiary phosphorus or arsenic ligand) 
have shown that this series is one of the most comprehensive and 
versatile organometallic systems for a study of intramolecular 
hydride transfer reactions. Hydride transfer reactions have been 
observed previously in a wide variety of metal complexes, but 
factors determining the reaction pathway and products are little 
understood. Our studies with ruthenium complexes are of 
fundamental importance, since they allow the effect of steric and 
electronic properties of L on the conformation and composition of 
the end product to be ascertained. Two advances in the use of 
NMR are worthy of note. 

The high sensitivity of the WM-500 spectrometer allows 
1 11 almost routine access to 'H-coupled , JC spectra, so values for 

^J(CH) are readily obtained. This essentially new probe of 
organometallic structures has been used to prove the presence of a 
cyclopropyl ring in compound IV. The advantage in sensitivity 
is also crucial to the recording of variable temperature 
1^C-spectra and has aided in the characterization of several ^3-
and rr*-complexes. The observed patterns of ^C resonances will 
prove valuable in future studies of these species. 

Variable temperature 1H, 1-*C and -*1P NMR studies on the 
following system have been completed. Two different fluxional 
processes were observed; exchange of the two endo-hydrogen atoms 
H a and Hjj and mutual exchange of the phosphine ligands. Only in 
the -*1P spectra were stopped-exchange spectra observed. By 
varying the properties of the ligand L it was possible to show 
that the increase in rate of isomerization correlated with an 
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ÍRuH(cod)L3J PF6 

-3 
ISOMERIZE 

R u L O + PFc 

increase in steric size of L. It was also possible to estimate 
the relative strengths of the agostic C-H Ru interaction from 
the variable temperature Ĥ WR studies. The X-ray 
crystallographic determination of [Ru(n3-C8H13)(P(OMe)Ph2)3]PF6 
provided a rare example of a structure of a complex containing an 
agostic hydrogen interaction. 

Other n -allyl complexes have been investigated. These 
are 

^ .»... J . ^ V 6 - J O [ f c „ , „ a l L j ] „ 6 ^ ^.,- % 

and variable temperature ^H, 1 3C and 3'P n.m.r. studies on these 
complexes showed that, like the [Ru(n3-C8Hi3)L3]+ cations, all are 
fluxional at room temperature. In addition to the two exchange 
processes observed for the n3-C8Hi3 complexes, a 1,2-migration of 
the ruthenium around the carbocyclic ring was also seen. In this 
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case stopped-exchange spectra were obtained for the 31 p spectra, 
as well as for [Ru(n 3-C6 H9^ F H e3 )3] p F6* H e r e t n e s l o w exchange 
1H NMR spectrum for the endo hydrogen atoms was observed at 
-80*C. Signals at 1,78 (exo) and -4,30 (endo) ppm were now 
assignable to unbridged and bridged protons. 

A series of n^-allyl complexes have been synthesized by 
the following route: 

7TT- ["»H(cod)L3]pF6 T f ^ 7 ^ [' " ^ R u l ^ P V 

0 
R t t L 3 P 6 T - A . M . M . , "• " J " L-PM. 2Ph ^ / 

L • A»M«Phj 

RuL^*PF 6 -

The excess ligand, required in a l l the above reactions, 
acts as a dihydrogen acceptor, giving the respective monoene. 
The complexes were characterized by variable temperature 1^c NMR 
together with an X-ray crystal structure determination of the 
PMe2Ph derivative (see the section on X-ray crystallographic 
determinations). 

Formation of the 2-6-n-Bicyclo[5.1.0]octadienyl ligand 
was observed. The structure of the product was f i r s t inferred 
from the 'H NMR and from I J C - H couplings. Previous work relied 
on a characteristic 5Hz coupling between the endo and exo protons 
on the methylene carbon from essent ia l ly very complex NMR 
spectra. In this particular case these protons were obscured. 
However, this work has shown that 1 H- 1 ^c couplings at C-\ provide 
much better diagnostic evidence, being unequivocal and applicable 
to 
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[ Ru H (cod)(PM«2 Ph),] PFfi Ru(PMt 2Ph) 3"'*Pf 6-

2,fc-ri-bicyclo[5.1 .0] octadienyl ligands which are substituted at 
C1-

An X-ray structural determination of this complex (see 
the section on X-ray crystallographic determinations) is the first 
structural determination of a complex containing this ligand. It 
also represents the first example of the stabilization of the 
bicyclo ligand by ruthenium. 

X-Ray Crystal Structure Determinations 

In the last year, the following ten crystal structures 
have been completed: 

[Ru(n3-CH2CHCHPh)(dppm)2]PP6 (dppm = Ph 2PCH 2PPh 2), [Ru(n 3-C 8H 1 3)-
{P(OMe)2Ph}3]PF6' [Ru(n5-C5H5)(n6-C6H3-1,2,4-Ph)]Br, [Ru(n 5-C8^, ) 
(PMe2Ph)3]PF6, [Ru(n5-C8H9)(PMe2Ph)3]PF6, [Ru( n 5-C 5H 5)(n 1-C gH l 3) 
(Ph2PCH2PPh2)] , [OsH(n5-C5Me5)cod] , [Ru2(p-H)(y-N2C3H3)2(H)-
(N2C3H4)(cod)2J , [Ru(Vi-H)(y-N2C3H3)2(N2C3H4)2(cod)2]/ and 
[Ir{P(OC6H3Me-o)(OC6H4Me-o)2 }H(cod)(PMe2Ph)]PFg. 

The following structures can be highlighted. 

[Ru(n3-CH?CHCHPh)(dppm)2]PFfi: The n3-allyl ligand, 
generated from the interaction of [RuH(dppm)2(EtOH)]PP6 with 
methyl phenyl acetylene represented the first such formation from 
the interaction of an acetylene and a metal hydride. 
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The crystals are triclinic, space group P1, 
with a =14,973(4), b = 14,445(4), a = 12,832(3$, a = 99,21(2), 
8 = 95,81(2), Y = 94,99(2)", U = 2710,4(£) 3, Z = 2, R = 0,0465. 
The complex cation consists of a Ru atom coordinated by two 
bidentate dppm ligands and an n

3-bonded allyl PhCHCHCH2. 
Normally n3-enyl groups are symmetrically bonded to a metal 
atom i.e. with the two outer C-M bond lengths approximately equwl 
and a somewhat shorter central C-M bond. However, in this 
complex the C(enyl)-Ru bond lengths are (in the order CPhH, CH, 
CH2) 2,415(6), 2,218(6) and 2,208(6)8. This observation is 
probably due to steric interactions between the phenyl group of 
the allyl ligand and adjacent phenyl groups on the phosphine 
ligands. 

[Ru(n
3-CftH1-^){P(0Me)Ph9}^]PFfi; This represents a rare 

example of the structure of an n -allyl system, in which the sixth 
metal coordination position is occupied by a hydrogen atom of a 
methylene group adjacent to the allyl group. 
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The crystals are orthorhombic, space group Pna21 with 
a = 20,510(5), b = 12,992(3), e = 16,954(4)8, Z = 4, R = 0,0478. 

The coordination to the Ru atom in the cation consists of three 
P(0Me)Ph2 ligands ani a CgH 1 3 ligand n3-bonded via an enyl 
function. If the en/1 function of the C 8 H 1 3 ligand is considered 
to occupy two coordinauion sites, then the coordination geometry 
of the cation is distorted square pyramidal. The sixth "vacant" 
coordination site is occupied by an "agostic" H atom of a ring CH2 
group ovtho to the enyl function (see Figure 2)with a Ru H 
distance of 2,09(7) . All the C 8H 1 3 ligand H atoms were located 
and refined. The C-H(agostic) bond length, 1,14(7) , is longer 
than any of the other methylene C-H bond lengths (0,847(7) to 
1,04(7) in the 03^3 ligand. 

[Ru(n5-CsHO(n6-CfiHi-1,2,4-PhT)]Br; This salt was 
formed from the asymmetric trimerization of phenylacetylene by 
[Ru(n5-C5H5)Cl(cod)]. The bromide ion was an impurity in the 
phenylacetylene. 
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The crystals are monoclinic, space group C2/a with a -
30,951(6), b = 9,808(3), e = 19,418(4)A, B= 118,20(2)", U = 
5195,0(X)3 , R - 0,0687. The structure shows that three 
phenylacetylene molecules have combined to form a 
1,2,4-triphenylbenzene ligand which is n -bonded via the 
trisubstituted ring to the Ru atom. The coordination of the 
cation is completed by an rr-bonded cyclopentadienyl ligand. 

[Ru(n^-CftHn )(PMe?Ph)^]PFfi: The reaction of 
cycloocta-1,5-diene and [RuH(cod)(PMe2Ph)3]PFg gave the title 
compound and cyclooctene. This is a rare example of hydrogen 
transfer from bonded cyclooctadiene to give, initially, an n , 
n^-C8 Hn ligand which then isomerizes to the n^-group. The added 
cyclooctadiene acts as a hydrogen acceptor. 

The crystals are orthorhombic, space group Pbca 
with a »23,553(5), b » 14,965(4), a * 19,085(4)A, U = 6726,9(2)3, 
R - 0,0531. The structure shows the five allylic carbons bonded 
symmetrically to the ruthenium atom. Three phosphorus atoms 
complete the coordination sphere. 
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[Ru(n5-CftHQ)(PMe?Ph)^]PFfi; Addition of 
cyclooctatetraene to [RuH(cod)(PMe2Ph)3]PF6 g a v e the t i t l e complex 
containing the f i r s t , s t r u c t u r a l l y charac te r ized , 2-6-n-bicyclo-
(5.1.0]octadienyl l igand. 

The c rys t a l s are isonorphous with those of [Ruin 3-
C 8 H n ) (PMe 2 Ph) 3 ]PF 6 . a = 23,522(5), b - 14,937(3), a ' 
19,019(4)8, v « 6682,3{£) 3 , R - 0,0432. The molecular s t ruc tu re 
of t h i s complex is very similar to that of [Ru( n^-CgH^ ) -
(PMe 2Ph) 3]PF 6 . The C 8 ligand is again n 5-bonded via a "double 
a l l y l " function to the ruthenium atom. The main s t ruc tu ra l 
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difference is that the two C atoms ortho to the "double allyl" 
function have moved to within bonding distance, albeit a rather 
long bond of 1,625(10)*v thus forming a bicyclic system. 

[Ru(n
5-CsHs)(n1-C8Hn)(Ph2PCH2PPh2)]: Attempted 

substitution of the 1,5-diene ligand in [Ru(n5-C5H5)H(cod)] gave 
the product, containing a novel cyclo-octene ligand bonded to the 
ruthenium at an olefin carbon. 

The crystals are monoclinic, space group P2j/n with a -
11,540(3), b = 27,731(6), e = 11,541(3)& 3 = 118,44(2)", U = 
3247,5(X)3, R = 0,0470. The Ru-C(C 8H 1 3) = 2,101(6)X, and the 
remaining coordination sites around the Ru atom are occupied by a 
bidentate diphosphine ligand and an n^-bonded cyclopentadienyl 
ligand. 

rRu?(u-H)(u-N?C3H3)?(H)(N?C?H,)(cod)?]; A number of 
products have resulted from the reaction of pyrazole with 
[RuH(cod)(NH2NMe2)3lpF6* T h i s P r o d u c t represents the first 
example of an asymmetrically bridged hydride ligand. Another 
precedent in thxo complex is the couplings observed between the 
two els hydride ligands giving a high-field doublet of doublets in 
the 1H NMR. 
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The crystals are monoclinic, space group P2j/c with a -
15,683(3), b = 10,716(2), e = 14,934(3)2, V = 2502,4(S)3, R = 
0,0330. The structure shows the complex to be dinuclear with the 
two Ru atoms bridged by two pyrazolyl ligands. There is no 

metal-metal bonding (Ru Ru = 3,166(1)A). The coordination of 
one Ru atom is completed by a monodentate pyrazole ligand, a 
1,5-cyclooctadiene ligand and a hydride. The second Ru atom is 
also coordinated by a 1,5-cyclooctadiene ligand and a hydride. 
The sixth coordination position for this Ru atom is occupied by 
the hydride bonded to Ru{1). This hydride can best be described 
as "semi bridging" since the Ru-H distances are very different. 
Both hydride atoms were located and refined. Unfortunately, when 
allowed to refine freely, both hydride atoms moved unacceptably 
close to their respective Ru atoms, but if omitted from the 
refinement the hydride atom positions would always reappear in the 
difference maps in reasonable positions (Ru-H distances 
of aa. 1,68 8). Therefore, the hydride atoms were refined with 
the Ru-H bond lengths constrained to equal 1,68 X. The Ru-H 
distances for the "semi-bridging" hydride are thus 1,68(5) and 
2,05(7)8. 
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Homogeneous Catalysis 

A major current trend is towards catalytic routes that 
are based on Ci chemistry: i.e. based ultimately on carbon 
monoxide, and proceeding via other Ĉ  building blocks such as 
methanol and formaldehyde. Although the vast majority of indus
trial catalysts are heterogeneous, homogeneous catalysts have made 
a significant impact. With increased awareness in efficiency, 
selectivity, ard mild operating conditions, homogeneous catalysts 
are presently receiving greater attention than ever before. 

Although homogeneous catalysts have little hope of 
competing with the large-scale heterogeneous catalysts utilized in 
the primary conversion steps associated with C-j chemistry, s.g. 

CO •*• H 2 • hydrocarbons (Fischer-Tropsch reaction) 

CO + H 2 — • CH3OH (ICI methanol process), 

their greatest impact is in areas where the conversion of organic 
molecules using synthesis gas (CO + H2) is required, e.g. 

olefin + CO + H 2 — » aldehydes, alcohols (Oxo process) 

CH3OH + CO • CH3COOH (Monsanto process). 

In July 1983 the Inorganic Division initiated a 
catalysis programme based primarily on the study of homogeneous 
catalysis, but also concerned with "heterogenized" homogeneous 
catalysts. Although the ultimate aims of the activities in these 
regions relate to synthesis gas conversions, the first year of 
endeavour in catalysis has so far been concerned primarily with 
reactions between potential catalysts and, for example, olefin and 
acetylene substrates. These can be considered model reactions in 
homogeneous catalysis. Betides their intrinsic importance, the 
simplicity of the reactions also allows for familiarization with 
the technical aspects of nomogeneous catalysis and also fcr 
technical problems to be sorted out. Thus the catalytic 



- 79 -

properties of a range of ruthenium complexes synthesized in the 
Division relevant to isomerizations and reductions of internal and 
terminal olefins and acetylenes, has been investigated. In all 
cases, the reaction solutions were 0,2M in olefin and acetylene, 
and 0,002M in catalyst. Two types of ruthenium complexes have 
been investigated: those which are "coordinatively 
unsaturated", e.g. [Ru(C=CR)(PMe2Ph)4lPF6 ( R = P h ' B u t ) ' a n d 

[RuH(L2)2lpF6 ^L2 = cteiatins diphosphine and (PMe2Ph)2), or those 
which contain groups, which on reaction with hydrogen produce free 
coordination sites, e.g. [Ru2(acetate-F3)4(H20)L4] (L = PMe2Ph; 
L 2 = cod), [RuH(cod)L.j]PFg (L = tertiary phosphorus ligand) and 
[RuX(cod)Cp](X = H, CI). Of all the systems under evaluation, 
the carboxylate dimers [Ru 2(ir^CC^^ip-^OHOjCCI^^icod^J (4; 
R=F and CI) are proving to be the most active catalysts. 

Initial investigations showed (4; R=F) to be a good 
catalyst for the hydrogenation and isomerization of terminal and 
internal olefins. Thus, with cycloocta-1,5-diene, conversion 
into cycloocta-1,3-diene occurs smoothly at 45"C via the 
intermediate cycloocta-1,4-diene. (Figure 1) 

[olefin] 
/ mol I"' 

o i 

Z.—i—i—i—i—i—TTI^[—i—t 
0 50 100 

Time/ min 

The addition of varying amounts of PMe2Ph to the 
catalyst solution results in complete inhibition of the 
isomerization of cycloocta-1,5-diene at 4 equivalents of phosphine 
per mole of catalyst. (Figure 2) This corresponds to the 

I 3 - UUU 

I5-C00 
I 4 - COO 
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formation of [Ru(u-02CCF3)2(p-H20)(02CCF3)2(PMe2Ph)4], which has 
also be t tested independently and found to be inactive as an 
isomerization catalyst. Similarly, complete inhibition of 
isomerization is observed on addition of 4 equivalents of pyridine 
to the catalyst solution. 

Small quantities of acids e.g. HBF4 (0,25-1,0 mmole/0,1 
mmole catalyst) have been found to have marked promotional effects 
on isomerization (Figure 3). Increased amounts of acid, however, 
lead to a decrease in catalysis [e.g. 2,0 mmole HBF^/mmole 
catalyst 
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[1,3-coo] 
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0.1 
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0 30 
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0 I mmol« 
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is equivalent to no added acid (Figure 3)], and further amounts of 
acid result in a further retardation of catalysis. It is 
believed that the promoting effects of acid are due to protonation 
of acetate groups in the catalyst molecule, resulting in the 
formation of labile solvolysed species. This effect is further 
dramatically llustrated by the catalyst (4; R=C1). In the 
absence of acid (Figure 4A) little isomerization activity is 
observed. However, the addition of HBF4 (0,1 mmole/0,1 mmole 
catalyst) under identical conditions results in excellent 
conversion cf cycloocta-1,5-diene into cycloocta-1,3-diene via 
cycloocta-1,4-diene as intermediate (Figure 4B). It is also 
interesting to note that the cyclcocta-1,4-diene intermediate is 
observed in unusually high concentrations (ea. 45%) providing an 
excellent synthetic method for this particular isomer. 

I.3-C0D 

The complex (4; R=F) has been found to hydrogenate 
cycloocta-1,5-diene to cyclooctene, and also more slowly to 
cyclooctane under mild conditions (50"C, 1,6 atmospheres H 2 ) . As 
expected, varying amounts of isomerized olefins are obtained (see 
Figure 5). The addition of acid (HBF4, 0,1 mmole/0,1 mmole 
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catalyst) promotes the isomerization step, but leaves the 

hydrogenation reaction largely unaffected (Figure 6). In 

contrast, however, the addition of PPh3 (0,, mmole/0,1 mmole 
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catalyst) completely blocks the isomerization reaction (see above) 

and promotes the selective hydrogenation of cycloocta-1,5-diene to 

cyclooctene (Figure 7). 
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The hydrogenation reaction has also been found to be 
controlled by hydrogen diffusion i.e. the rate of hydrogenation is 
limited by the rate at which hydrogen dxffuses from the gas phase 
into solution. At stirring rates of 1000 rpm, excellent hydroge
nation results have been obtained. Thus, cycloocta-1,5-diene is 
selectively hydrogenated to cyclooctene with no evidence of isome-
rization to cycloocta-1,3-diene and cycloocta-1,4-diene. The 
slower hydrogenation of cyclooctene to cyclooctane is only 
observed to begin after aa. 95% formation of cyclooctene. This 
represents good selectivity and this and related systems are 
being further investigated in this regard. 

The catalyst obtained by the addition of 4 equivalents 
of PPh3 to (4; R=CF3) is also active for the selective 
hydrogenation of l-hexene to hexane, cyclohexene to cyclohexane, 
and 1-heptyne to 1-heptene. 1,5,9-Cyclododecatriene is 
hydrogenated to form a number of products (isomers of 
cyciododecadiene and cyclododecene) which are currently being 
investigated. In addition, under hydroformylation conditions 
(CO/H2 1 : 1 mixture, 65 atmospheres, T=60") traces of heptaldehyde 
are obtained from 1-hexene. This result is also being further 
investigated. 

Cyclo-
octtnt 

1,5-COO 
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Coordinated Ligands as Reaction Centres 

An interesting feature of the reaction mechanism in the 
scheme is the isomerization process (8) - (6). 

\ . ...••*• M . II — lr_ 
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1* 
\ I ,- L ISOMIWH ( I , ' M 

I I — It'— H »• II —If' L 
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(•) (•) 

J — PtOC.H-M.-ol. /^l^. 

o *̂ 

Complexes (6) were observed in situ by means of Ĥ 
and^P {̂ H} NMR spectroscopy. These complexes were generated in 
solution by firstly reacting the starting complexes 
[Ir(P-C)(cod)L] (7) with excess perchloric acid in acetone 
solution to produce (8) stereoselectively. Subsequent heating of 
these solutions resulted in the slow conversion of species (8) 
into species (6). These reactions were irreversible and it was 
noticed qualitatively that the ease of isomerization decreased as 
the L ligand became more basic. Since excess protons were 
present in these solutions it was tempting to propose a mechanism 
which involves proton attack on the metallated carbon atom of 
complexes (8; L * PMePh2f PMe2Ph or PMe3) to induce ring opening 
(decyclometallation) followed by pseudorotation of the resulting 
five-coordinate Ir(III) intermediate, viz flrH(cod)-
{p(0C6H4OCH3)3}L]2+ with recyclometallation completing the 
process. To test this possibility the reactions were repeated by 
heating acetone solutions containing only pure complexes (8) with 
no external protons added to the system. The outcome of these 
experiments was that external protons are not a prerequisite for 
isomerization to occur. 

http://PtOC.H-M.-ol
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RESEARCH PROGRAMME 1985 

A change in emphasis on some programmes in 1984 has 
necessitated the inclusion of a new task, (No 4) in project 
60C/65018, thus redefining task 6 into a irore comprehensive 
title. Task 2 in the 1984 Annual Report has been omitted since no 
work has been performed on this topic since 1979. Tasks under 
project 600/6500 remain unchanged. Project 600/65026 has been 
created for homogeneous catalysis and its first task has been 
defined. 
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RESEARCH PROGRAMME 1985 DIVISION: INORGANIC CHEMISTRY 

Project Number Tasks (Priority, year Collaboration 
and Title started) 

600/65018 

Synthetic Routes 1. Hydride complexes of ruthe Johnson 
to Organoaetallic nium and osmium (A 1971) Matthey 
Hoaogeneous Cata Reading 
lysts 2. Alkyl and aryl complexes of 

ruthenium and osmium 
England 

Dr E. Singleton (A 1977) 
Dr T.V. Ashworth 
Dr E. Meintjies 3. Allyl and carboxylate metal 
Dr M. Wiege complexes (A 1982) 
Miss J. Yates 
Mr D. Liles 4. Cyclopentadiene complexes Professor A. 

(A 1983) Shaver,Mon
treal ,Canada 

5. Isocyanide metal complexes 
(B 1977) 

Dr N.Coville 

6. Cluster complexes and metal 
carbonyl activation 
reactions (A 1979) 

7. The relationship between 
structure and reactivity 
(A 1974) 

Dr N.Coville 

600/65026 

HOBogeneous 1. Catalytic isomerization and 
Catalysis hydrogenation reactions 

(A 1983) 
Dr M.O. Albers 
600/6500 

The kinetics and 1. Ligand substitution 
mechanisms of reactions (A 1976) 
organometallie 
reactions 2. Coordinated ligands as 

reaction centres (B 1979) 
Dr D.J.A. de Waal 
Miss M.Viney 3. Mechanisms of acetylene 

hydrogenation reactions 
(A 1978) 
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MOLECULAR BIOCHEMISTRY 

Introduction 

Protein and peptide structure-function relationships 
remain the prime interest of the Division. A number of 
biologically interesting proteins have been sequenced during the 
year and several collaborative projects maintained with prominent 
scientists from abroad. In line with modern thinking, a number 
of techniques from molecular biology have been introduced to 
manipulate nucleic acids so as to approach some extremely 
difficult protein chemistry problems from a DNA viewpoint. 
Oligonucleotide synthesis is now well established in the Division 
and a number of probes have been synthesized. 

The experimental techniques for studying endomembrane 
flow in cellular systems were introduced and the first experiments 
on membrane sorting at the cell surface successfully completed. 
A new dimension was introduced into studies on structure-
functional relationships of snake venom cardiotoxin with the 
successful microscale chemical synthesis of a theoretically 
predicted antigenic site on the toxin. This technique 
complements the chemical modification studies and will allow the 
identification of all the relevant biologically active regions on 
the molecule. 

The monoclonal antibody against cardiotoxin has been 
characterized with respect to type, avidity and affinity. This 
non-neutralizing antibody is of considerable interest in the 
detection of possible receptor sites for cardiotoxin by using 
immunofluorescence. 
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Structural Studies of Snake Venom Components 

The Primary Structure of a Short Neurotoxin 
Homologue (CM-7) from Dendroaspis polylepis 
polylepis (Black mamba) venom 

Toxin CM-7 from Dendvoaspis polylepis polylepis venom 
was purified by gel filtration and ion-exchange chromatography. 
It contains 60 amino acids, including eight half-cystines. The 
complete primary structure of toxin CM-7 has been elucidated, 
(Figure 1). The sequence is structurally homologous to the short 
neurotoxins, but much less toxic. In toxin CM-7 the ten structu
rally invariant amino acids and one of the five functionally inva
riant amino acids of neurotoxins have been conserved. The eight 
cysteinyl residues of toxin CM-7 are in similar locations to those 
in short neurotoxins of known structure, so they are presumed to 
be similarly linked (Figure 2). 

Purification, Some Properties of two Phospholipases A? 
(CM-1 and CM-2) and the Amino Acid Sequence of CM-2 from 
Bitis nasicovnis (Horned Adder) Venom 

Two phospholipases A 2, CM-1 and CM-2, were purified 
from Bitis nasicornis venom by gel filtration on Sephadex G-50 
followed by ion-exchange chromatography on DEAE-cellulose. Both 
enzymes comprise 119 amino acids, including twelve half-cystine 
residues. The primary structure of CM-2 has been elucidated, 
(Figure 3). The sequence of invariant amino acid residues of DE-2 
resemble those of phospholipases A 2 from other venoms of viperi-
dae and Cvotalidae (Group 2) snake venoms, (Figure 4). CM-1 and 
CM-2 both contain a single histidine residue which is probably 
located at the active centre (histidine-47). CM-1 and CM-2 are 
relatively non-toxic, (Table 1). 



Figure 1. The complete amino acid sequence of toxin CM-7 from V. polylepis polylepis venom. 
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Figure 2. Comparison of the primary structures of toxins from various mamba venoms. 
LD^Q-values 
(g per gram mouse) 
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(a) Short neurotoxin from D. polylepis polylepis, (b) Short neurotoxin 4 . 1 1 . 3 from D. vir-idie, (c) Short neurotoxin V,,1 from 0. jamesonii kaimoeae and 
(d) Short neurotoxin homologue CM-7 from D. polylepis polylepie . 
* Ind ica te s s t r u c t u r a l l y invariant amino a c i d s . 
+ Ind ica te s funct iona l ly invariant amino a c i d s . 
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Figure 3. The complete primary structure of phospholipase A 2 (CM-2) from Bitis 
naeiaornie venom. 
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Figure 4. Comparison of the sequences of Groups 2A and 2B phospholipases A2 £ r o m crotaiid and viper venoms. 
10 20 30 40 SO 

( a ) G r o u p 2A S L J V Q F E T L I M K V A K R S G L L W Y S A Y G C Y C G 

S G V W W Y G S Y G C Y C G 
s l s L A - Y A S Y G C Y C G 

60 

S S 
D T 

D R C C F V H * D C C Y G K A T N 
D R C C F V H * D C C Y G K I V T G 
D R C C F V H * D C C Y G K A D K 

3N - P K 

C N - T K 

C S - P K 

T V 
D E 
M ' 

(d) Group 2B 
(e) Group 2B 

D L T Q F G N M I N K M G Q S V F D Y I Y Y G C Y C G W G G 
D L T Q F G N M I N K M G Q S V F D Y I Y Y G C Y C G W G G 

G K F I 

G K P R 

D A T D R C C F V H * D C C Y G K M G T - Y D T K W Tj 

D A T D R C C F V H * D C C Y G K M G T - Y D T K W T 
. I 

70 80 90 100 

(a) Group 2A S 

(b) Group 2A F 

(c) Group 2A L 

Y T Y 

Y T Y 

Y S Y 

S E E N G E I V C G 

T E E E G A I [S) C 3 

K F N N G N I V C G 

\ \ 

G D D P C 

G N(D,P] c 
D K N A c 

G T Q I 

- - L K E V 

K K K V 

C E C D 

C E C D 

C E C D 

K A 

L A 

R V 

A A I C F R D N I P S 

A A I C F R D N L N I 

A A I C F A A S K H S 

110 
Y 
Y 
Y 

D N K Y W L F P P - p t 
D S K K Y W M F P A k 
N K N L W R Y P S S K 

120 

D C 

N C 

- C 

R Q E P E P C 

L E S E E P c 
T G T A E K C 

(d) Group 2B 

(e) Group 2B 

S Y N Y E Q N G G I D C -

S Y K Y E F Q 0 S D I I C -

D E D P 

G D K D - P 

Q K K E L C E C D R V A A I C F A N 
Q K K E L C E C D R V A A I C F A N 

R N T Y N S 
R N T Y N S 

Y F G 
Y F G 

S S S K - C T 
S S S K - C T 

(a) J", xdanaiteus, (b) T. okii-xvensis (DE-1), (c) B. aaudalie, (d) S. gaboniea and (e) B. nasieornis (CM-2) venoms. 
* Catalytic site. 



Table 1. Summary of the toxicities, basic and acidic amino acids and the basic segments in the sequences of 
phospholipases A 2 of various snake venoms. 

Venom Phospholipase A 2 

Toxicity Amino acids 
g/g mouse 3 Basic*5 Acidic 

Difference Basic segments in the 
between sequence of the 
basic and phospholipases A 2 in the acidic region of: 

amino 
acids residue C-terminal 

85 to 89 sequence 
Notechie ecutatus sautatue Notexin 0,017 16 14 2 Basic 
Notechis eautatue soutatue Notechis-5 0,045 17 14 3 Basic 
Bitis aaudalis Caudoxin 0,1 IB 9 9 Basic 
Naja mossambiaa moesambiea CM-3 0,3 15 12 3 Basic 
Naja moseambiaa mosaambiaa CM-2 1,2 12 11 1 Basic 
Naja melanoleuoa DE-1 1,6 14 13 1 Basic 
Naja melanoleuoa DE-3 1,8 10 11 1 Acidic 
Naja melanoleuca DE-2 2,3 11 11 Nil 
Naja moeeambi-a mossambica CM-1 2,6 11 12 1 Acidic 
Bitis nasiaor-nis CM-2 20 14 15 1 Acidi-? 
Bitis gaboniaa Phos-A2 50 11 15 4 Acidic 
TTimefeeuyus okinavensis DE-1 256 11 18 7 Acidic 

I K K K C 5 K K R C° 
I K K K C K K R C 

K K K V C A E K C 

G N S K C K K R C 

S N N K C 
D G G K C 
A A N N C 
A N N K C 
G N N K C 
K K E L C 
K K E L C 
L K E V C 

K E R C 
N A R C 
N A R C 
N A R C 
K E R C 
T E Q C 
T E 0 C 
B E P C 

Intravenously injected. DAt physiological pH and the numbers signify the amino acids in the sequences of the 
phospholipases A2- cBasic amino acid residues are underlined 
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In Table 1 the toxicities, basic nature, and certain 
basic segments of the phospholipases A2 from various snake venoms 
are shown. There are considerable differences in the toxicities 
and the basic properties of the phospholipases A2. 

Properties of the Iso-Arginine Ester Hydrolases 
from Bit-is nasieornis (Horned Adder) Venom 
(In collaboration with Dr E H Merrifield from the 
University of Cape Town) 

Five iso-arginine ester hydrolases (DE-2 to DE-6) were 
purified from Bitie nasiaovnis venom by gel filtration on Sephadex 
G-50, followed by ion-exchange chromatography on CM-cellulose and 
DEAE-Sepharose, (Figure 5). They contain 17,6 to 23,1% 
carbohydrate and 242 to 244 amino acids including 14 half-cystine 
residues, and have molecular weights of about 38 000. The 
isoenzymes have a high esterolytic activity towards N- -benzoyl-L-
arginine ester but show no proteolytic activity against Azocoll. 
Sequences of their first 18 amino-terminal residues are the same, 
but their carbohydrate content shows some variation. 
Furthermore, sequence studies on the N-terminal regions of the 
iso-arginine ester hydrolases from B. nasieovnie venom indicate 
that they share a significant degree of sequence homology with the 
kallikrein-like enzymes of C. adamanteue and C. atrox venoms and 
also with porcine kallikrein, (Figure 6). Studies on tryptic 
glycopeptides of the arginine ester hydrolases show that the 
carbohydrates occur at the N-terminal region of the molecule and 
also towards the centre. 
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Pigure 5. Chromatography of the arginine ester hydrolases from 
B. naeiaornis venom on DEAE-Sepharose. 

Structure-Activity Studies of Elapidae 
Short Neurotoxin Homologues 
(In collaboration with Drs R.C. Hider, S.J. Hodges and A.L. Harvey 
from the Universities of Essex and Strathclyde, UK) 

Three neurotoxin homologues (CM-10 and CM-12 from Naja 
naja annulifeva and S5C10 from Dendroaspis Jameeonii kaimosae) as 
well as two short neurotoxins (CM-14 from Naja haje annulifeva and 
erabutoxin b from Laticauda semifaeciata) were examined by circu
lar dichroism (CD) and tested for neuromuscular activity on chick 
biventer cervicis preparations. All three homologues had acetyl
choline receptor blocking activity, as they abolished responses to 
indirect stimulation, acetylcholine and carbachol. However, 
they had no effect on responses to direct muscle stimulation. 
CM-10 was only about 5 times less potent than the short neurotoxin 



Figure 6. Amino terminal sequences of iso-arginine ester hydrolases and kallikrein-like 
proteases. 
(a) H 2N-
(b) H 2 N -

(c) H 2 N -

(d) H 2 N -

(e) H 2N-

( ] 

Val-Ile-Gly-Gly-Ala-Glu-Cys-Asp-Ile-Asn-Glu-His-Pro-Ser-Leu-Ala-Leu-Ile-Tyr 

Val-Ile-Gly-Gly-Ala-Glu-Cys-Asp-Ile-Asn-Glu-His-Pro-Ser-Leu-Ala-Leu-I le-Tyr 

Val-I le-Gly-Gly-Ala-Glu-Cys-Asp-Ile-Asn-Glu-His-Pro-Ser-Leu-Ala-Leu-Ile-Tyr 

Val-I le-Gly-Gly-Ala-Glu-Cys-Asp-Ile-Asn-Glu-His-Pro-Ser-Leu-Ala-Leu-Ile-Tyr 

(Va^Ile-Gly-Gly-Ala-Glu-Cys-Asp-Ile-Asn-Glu-His-Pro-Ser-Leu-Ala-Leu-I le-Tyr 

f) H2N- @ h l le-Gly-Gly- Asp- Glu-Cys- Asn-1 le-Asn-Glu-H is-lQ-^Ph^-Leu -Val-Ala-(Lej)-Tyr 

g) H 2N- His -Val-Gly-Gly- Asp- Glu-Cys- Asn-1 le-Asn-Glu-His-(Ar^-Ser-Leu -Val-Ala- I le-teírë 
h) H 2N- His -Val-Gly-Gly- Asp- Glu-Cys-Asn- Ile-Asn-Glu-His-for^-Ser-Leu -Val-Ala- I le-fche) 
(i) H 2 N - Ile-Ile-Gly-Gly-Arg- Glu-Cys-Glu-Lys -Asn -Ser-His-Pro-Tyr-Gln-Val-Ala- I le-Tyr 

B. nasiaor>nis (a) DE-2, (b) DE-3, (c) DE-4, (d) DE-5, and (e) DE-6, (f) C. adamanteus 
(crotalase), (g) C. atvox (E-1), (h) C, atfox (E-2, (i) Porcine kallikrein (a-chain). 
The circles in a boxed region indicate variant amino acids. 
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Cfi-14, but CM-12 and S 5C 1 0 **ere 30-300 times less active. The 
block induced by the three homologues (but not by the neurotoxins) 
was readily reversed by washing. 

CM-10 and CM-12 had virtually identical CD spectra which 
were closely similar to those of the neurotoxins. The spectrum 
of S5C10 indicated changes in the environment of tyrosine-25 and 
in the position of tryptophan-29. These alterations could 
distort the three-dimensional arrangement of the residues 
postulated to form the receptor binding site. The results with 
CM-10 and CM-12 highlight a role for the first loop (residues 
6-16) in the binding of neurotoxins to acetylcholine receptors, in 
addition to the previously postulated reactive site. 

Facilitation of Acetylcholine Release by Anguptiaepe-_ 
Type Toxins From Mamba Venoms 
(In collaboration with Drs C.Y. Lee, M.C. Tsauer, and 
M.C.Tsai from National Taiwan University) 

Five angustiaeps type toxins F-j t Fg and C1QS2C2 from 
Dendroaspis angustiaeps and C and FS2 from D. polylepis polylcpis 
respectively, were tested for their action on the chick biventer 
cervicis nerve-muscle and the mouse phrenic nerve-diaphragm 
preparations. In the chick muscle, F7, Fg, CjgS2c2 and FS2 did 
not exhibit any appreciable effect up to 100 Mg/ml, but C produced 
a neuromuscular block at 1 yg/ml. To eliminate contamination by 
any postsynaptic neurotoxin, C was S-carboxamido-methylated 
(SCAMS) at methionine-33 and purified by chromatography on 
CM-Sepharose. In the mouse diaphragm, only F7 and C (SCAMS) 
augmented responses to indirect stimulation and produced 
repetitive irregular twitches in the absence of electric 
stimulation. A marked Wedensky inhibition on tetanic 
stimulation was observed. Their stimulatory effect was abolished 
by d-tubocurarine. In the denervated mouse diaphragm these 
toxins did not increase responses to direct stimulation in the 
presence of d-tubocurarine. In low calcium (0,6 mM) or high 
magnesium (4,2 mM) medium, the stimulatory effect of both toxins 
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was markedly attenuated. The resting membrane potential of the 
mouse diaphragm was not changed. The amplitude and frequency of 
N.B.P.P.S. as well as the quantal content, amplitude and duration 
of B.P.P.S. were increased. Both toxins also produced a 
stimulatory effect on the isolated guinea-pig ileum, which was 
abolished by atropine. In the rat atrial preparation, both 
toxins caused negative inotropic and chronotropic effects which 
were reversed by atropine. If pretreated with atropine, these 
effects were completely prevented. From these results, it is 
concluded that toxins F 7 and C (SCAMS) act on the cholinergic 
nerve terminal and facilitate both the spontaneous and evoked 
release of acetylcholine. The precise mode of action of these 
toxins remains to be elucidated. 

Esterase E-2 from the Venom of the Gaboon 
Adder, Bitis gabonica 

Further studies were carried out on esterase E-2, one of 
the group of arginine esterases isolated from the venom of B. 
gabonica. The enzyme has previously been characterized in 
respect of its kinetic behaviour towards synthetic arginine esters 
and amides. These results pointed to an ordered uni-bi as the 
minimal kinetic mechanism wherein alcohol (or amine) leaves the 
enzyme surface first, followed by liberation of the acid moiety: 

E + A r=± EA ?=* EQ «==* E + Q 
+ 
P 

where E and A represent enzyme and substrate respectively, EA a 
non~covalent Michael is complex and EQ an acyl enzyme 
intermediate. P and Q are first (alcohol or amine) and second 
(acid) products respectively. 

Studies with fluorogenic arginine amides i.e. N- -
benzoyl-L-phenylalanyl-L-valyl-L-arginine-4-methylcoumaryl-7-amide 
and N- -benzoyl-L-arginine-4-methylcoumaryl-7-amide, showed 
non-linear kinetics. 
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Polynomial functions of the type: 

n m 
2- = 2 a. A 1/ 2 B. A 1 

E i=l i=o 

were used to describe steady state rates. In this equation ai»6^ 
are coefficients which may be positive or zero and degree m>_n. 
A represents substrate concentration. 

The data were found in all instances to be better 
described by equations lacking the first term in the numerator. 
The mechanistic schemes inferred from these results involve the 
formation of an acylated enzyme upon release of the first product 
and also provides, apart from a catalytic site, for the existence 
of auxiliary or regulatory sites. In lower substrate ranges 
activation of enzyme action was noted. This was explained in 
terms of a compulsory binding order of substrate in ternary 
complex formation, the substrate molecule acting as modifier 
(regulatory site), binding before the substrate molecule 
undergoing transformation (catalytic site) to products. In the 
higher substrate range more than one enzyme-substrate complex can 
generate products. The deviation from Michaelis-Menten kinetics 
was studied by examining reaction rates as a function of substrate 
concentration (0,1-500 yM) and pH. Analysis of the data in 
various algebraic spaces and application of non-linear regression 
allowed an empirical rate law to be selected. Results revealed 
that the data collected in the pH range 6-7 could be fitted to 
rate equations of degree 2:2, while at pH values exceeding 7.0, 
3;3 functions were found to provide satisfactory fits. The 
inhibitory effect observed in higher substrate regions was 
proposed as following from the formation of higher order 
reduced catalytic activity. The inhibitory sites apparently 
become available only at alkaline pH values since no inhibition 
was noted at pH 7,0. 
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Structure and Function of Cardiotoxins 

Modification of Methionines 24 and 26 

The problem of identifying which methionine residue was 
selectively alkylated by iodoacetamide was investigated further in 
view of the known biological importance of Met-24 and -26. The 
strategy envisaged in the 1983 Annual Report could not be 
implemented since, surprisingly and contrary to findings 
previously reported by others in this laboratory, methyl iodide 
also reacted with only one residue of methionine. This meant 
that the position could be determined directly by forming the 
S-methylsulphonium derivative with labelled methyl iodide followed 
by the regeneration of methionine using 2-mercaptoethanol. This 
would result in half the original label of the S-methylsulphonium 
group being retained by methionine, as well as reduction of the 
disulphide bonds to free thiols which could be blocked using 
iodoacetamide (see scheme below). 

H3C. 

pCTX 
Lfrc-ei 1_ -[(S-S)4] 

14 

l 4 C H 3 I 

CH3/CH3 

Block-SH 
iodoacetamide 

X-(S-CH2C0NH2)< 

H 3 C x V / , 4 C H , 

r C T X ~ i 

14, .XH3/CH3 

L(S-CH 2-C0NH 2) 4 

— CTX — 
L (SH) 4 (HS). J 
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This would result in a derivative amenable to sequence analysis. 

The labelled S-methylsulphonium derivative was subjected 
to 2-mercaptoethanol treatment. This, however, failed to halve 
the specific radioactivity. Repetition of the step had no 
effect. Twenty-six steps of sequence analysis on the final 
derivative (see scheme) showed neither methionine residue to carry 
a significant radioactive label. The blocked leys residues 3,14 
and 21, His-4 and Trp-11 were tested for radioactivity but nothing 
significant was formed. The following conclusions were drawn: 

(1) The labelled methionine residue, i.e. the S-ntethyl-
sulphonium derivative, does not have equivalent S-
methyl groups, and 

(2) the labelled methyl group that is inserted is also 
removed by 2-mercaptoethanol treatment as a result 
of this non-equivalence. 

(3) The radioactive methyl group which is removed is somehow 
transferred to the protein during 2-mercaptoethanol 
treatment and is bound to it since the specific 
radioactivity of the protein could not be halved as 
stated earlier. 

This procedure will be repeated to confirm these unusual 
findings. It appears that one of the methionine residues is held 
in a very specific conformational state and that the properties of 
the S-methylsulphonium derivative reflect this. This observation 
is apart from the earlier finding that the other methionine is 
virtually unreactive and must therefore be shielded. 

Tyrosine Residues 

Chromatographic procedures have been developed whereby 
nitrated derivatives can be produced carrying 3-nitrotyrosyl 
residues at Tyr-22 and Tyr-51 exclusively. 
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Effect of Cardiotoxin on Ca2+-ATPase of 
II I — ^ - • ! ! • • II • I — ^ — 

Erythrocyte Membranes 

Cardiotoxin inhibits the Ca2+-transporting Ca2+-ATPase 
of erythrocyte membranes in an irreversible fashion that is time-
and dose-dependent. The nature of this inhibition has been 
examined in terms of possible mechanisms. 

Disruption of the membrane environment of the enzyme, 
e.g. by cardiotoxin binding to phosphatidylserine (PS), may play a 
role in the inhibition as increasing amounts of exogenous PS can 
progressively prevent inactivation of Ca2+-ATPase. However, 
disturbance of bulk membrane structure cannot be the mechanism of 
Ca2+-ATPase inhibition since other membrane ATPases e.g. (Na ++K +)-
ATPase, are not significantly inhibited at similar cardiotoxin 
levels. In addition chemically-modified, biologically inactive 
derivatives of cardiotoxin (which are still able to bind to PS and 
inhibit (Na++K+)-ATPase), inhibit Ca2+-ATPase to a lesser extent 
than the native toxin. 

The effects of cardiotoxin on calmodulin binding and 
activation of the enzyme have also been determined. Cardiotoxin 
neither alters the enzyme's affinity for calmodulin, nor inter-

2+ 
feres with calmodulin binding to erythrocyte membrane Ca' -
ATPase. Although cardiotoxin forms a complex with calmodulin, 2+ this does not affect the ability of calmodulin to activate Ca -
ATPase and appears to be a non-specific effect. Thus, it does 
not seem that interference with calmodulin activation is responsi
ble for cardiotoxin-induced Ca2+-ATPase inhibition. 

The results suggest that the mechanism of inhibition is 
probably a combination of a direct action on the enzyme and 
indirect membrane-associated effects. 
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Theoretical Prediction and Chemical 
Synthesis of a Possible Antigenic 
Region in Cardiotoxin 

Antigenic determinants are surface features of proteins 
frequently found on regions projecting into the medium (often 
P-turns). Charged hydrophilic amino acid side-chains are common 
features of antigenic determinants, and usually comprise 5 to 8 
residues. 

Theoretical calculations based on amino acid side-chain 
surface areas ard solubility properties (as well as calculations 
to determine the probability for amino acids to occur in a 
specific secondary structure) made it possible to predict regions 
in the sequence of cardiotoxin V I T3 of Naja m. mossambica that 
could act as antigenic sites. 

One such region, with secondary structure due to a 
disulphide bond, is the C-termmal (residues 50-60) having the 
following sequence: 

50 
-S-S-

55 60 
Lys-Tyr-Met-Cys-Cys-Asn-Thr-Asn-Lys-Cys-Asn 

This peptide was synthesized chemically by solid phase peptide 
synthesis. A Gly-Gly spacer was included between the C-terminal 
asparaginyl residue and the solid support to minimize stereochemi
cal effects on the peptide yield. Cys-53 was substituted by L-a-
aminobutyric acid (a-ABA) to allow for the formation of a disul
phide linxage between Cys-54 and Cys-59 only. The following 13 
residue peptide was synthesized: 

-S-S-
50 55 60 

Lys-Tyr-Met- ABA-Cys-Asn-Thr-Asn-Lys-Cys-Asn-Gly-Gly 
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Structural analyses of the peptide was done by circular dichroism 
and 500 MHz 1H-nuclear magnetic resonance spectroscopy before the 
disulphide bond was formed. Both methods indicated a random 
structure. The same analyses are being undertaken on the 
oxidized peptide. 

Labelling of Guinea Pig Erythrocyte 
Membrane Phospholipids with Trinitro-
benzene Sulphonate (TNBS) Before and 
After Cardiotoxin Treatment 

Conditions were optimized for the labelling of 
erythrocyte membranes with TNBS. Under conditions when 20% of 
the phosphatidylethanolamine (PE) of control erythrocytes was 
labelled with TNBS, labelling of the PE of cardiotoxin-treated 
erythrocytes was from 50% to 100% higher. Phosphatidylserine 
(PS) was not labelled, indicating that a preferential transbilayer 
redistribution of PE over the erythrocyte membrane had taken 
place. 

Glutathione levels were not reduced during cardiotoxin 
treatment and no evidence was found for the presence of mixed 
disulphides between glutathione and membrane sulphydryl groups. 

Fluorescent labelling of membrane-free sulphydryl groups 
with monobromobimane followed by SDS-PAGE, indicated the presence 
of a high molecular weight protein in cardiotoxin-treated erythro
cytes. Clearly, formation of this high molecular weight protein 
can not be the result of cross-linking of membrane proteins by the 
oxidation of their free sulphydryl groups. The origin, compo
sition, and significance of this high molecular weight protein in 
the redistribution of PE are under investigation. 
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The Structure of Phosvitin 

The preparation of methylmercaptovitins from phosvitin 
phosphoproteins which have first been , -succinylated was 
mentioned in the 1983 Annual Heport. These products were cleaved 
with trypsin (arginine is the only available site) to fragments, 
all of which remained soluble in aqueous alkaline media and could 
be size-fractionated on Sephadex G-25 in ammonium bicarbonate 
buffer. The front contained a larger "core" of S-methylcysteine-
enriched material, followed by several peaks containing smaller 
peptides of relatively lower S-methylcysteine content. Since 
succinylation lowers the isoionic point, further subfractionation 
was carried out on anion exchange columns, DEAE-Trisacryl-M being 
the preferred support because of the reduced non-ionic 
side-effects. The smaller fragments from Sephadex were thus 
sub-fractionated, but satisfactory purity for sequence analysis 
has been difficult to attain in several instances, hydrophobic 
association between components being the suspected cause. One 
small peptide originating from phosvitin phosphoprotein S2 gave 
the partial sequence: 

Site Smc 
(Arg)-Smc-Val-His-Glu-Gln-Gly-Gln-Glu-Ala-Gln .. - .. -Smc-Gly-

Trypsin 

[Glu]-
Glul 

-[Smc] 
1 Smc J 

A contiguous run of seven acid and amide amino acids is found 
after methionine in the phosphoprotein Sj of phosvitin, indicating 
that this feature might have some functional significance in 
phosvitin sequences generally. The larger S-methylcysteine-rich 
peptides bound irreversibly to columns of DBAE-Sepharose, DEAE-
Trisacryl-M, Ecteola-cellulose as well as to Waters p-Bondapak 
C-18 reverse-phase HPLC columns and were not removable by urea or 
guanidine hydrochloride. The chaotropic anion, trichloroacetate 
removes these components from DEAE-Trisacryl-M and is being 
investigated in the form of a gradient for the column separation 
and purification of all the peptides. 
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Polypeptides of large hydrophobicity are generally 
difficult candidates for sequence analysis. Experience gained 
through the work on methylmercaptovitins can have potential value 
in studies on other proteins, for example, the high hydrophobicity 
proteins in membranes, should such a project be undertaken. 

Phosvitin phosphoproteins are synthesized as part of a 
large percursor protein named vitellogenin, the site of synthesis 
being the liver. Several leading laboratories have an active 
interest in this particular biosynthesis because it is such a dra
matic example of steroid-regulated gene expression. It also has 
relevance to the work of our Division through the recently expan
ding interest in polynucleotides. We are now synthesizing psnta-
decadeoxyribonucleotide anticodon probes for two pentapeptide se
quences that we have already determined by protein sequence analy
sis. One probe is for a sequence in phosvitin phosphoprotein Sj, 
the other for a sequence in phosvitin phosphoprotein S2« Blot 
transfer and probe hybridization tests on the electrophoresed mes
senger FNA isolated from estrogenised chicken livers should pro
vide valuable information on the location of these respective 
sequences in the electrophoretically resolved messenger-RNA. This 
should also establish whether these two phosphoproteins in phosvi
tin have a separate or common gene control. Low cost and abun
dance of material are advantageous to develop the new techniques 
that need to be mastered. This could also be a convenient 
approach to the subject of protein primary structure determination 
through the sequence analysis of DNA copies prepared from the 
parent messenger RNA. 

Proteinase Inhibitors from Abvus pvecatovius 
and Lonahoeavpue vapasea Seeds 

Five proteinase inhibitors, one from Abvue 
preoatorius seeds and four from Lonohocarpue aapasea (apple-leaf) 
seeds, were purified by column chromatographic procedures. 

The partial amino acid sequences of DE-1 from Abvus 
pvecatovius (Figure 7) and DE-4 of Lonchocarpus aapaesa (Figure 8) 
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have been completed. The molecular weights, cystine contents and 
partial sequences of these inhibitors resemble those of 
Bowman-Birk-type proteinase inhibitors. The proteinase 
inhibitors from the above seeds strongly inhibited porcine trypsin 
but bovine -chymotrypsin was only weakly inhibited. 

Trypsin Inhibitor DE-3 from Evythvina latissima Seeds 
(In collaboration with Dr C Heussen and Prof E.B. Dowdle 
from the University of Cape Town) 

The partial sequence of trypsin inhibitor DE-3 
from Evythvina latissima seeds has been described in the 1983 
Annual Report. We now report on the completed sequence of 
inhibitor DE-3. 

The inhibitor contains 172 amino acids including four 
half-cystine residues and resembles the Kunitz-type proteinase 
inhibitors. Limited hydrolysis of DE-3 with trypsin at pH 3 
produced two fragments F1 and F2 containing 63 and 109 amino 
acids, respectively. Ami no-terminal sequence studies revealed 
that F1 was the N-terminal and that F2 was the C-terminal fragment 
of inhibitor DE-3. The complete amino acid sequence of fragments 
F1 and F2 was then determined on peptides produced by enzymatic 
digestion with trypsin and Staphylococcus aureus V8 protease. 
(Figure 9) The sequence of trypsin inhibitor DE-3 from Evythvina 
latissima seeds shows a high degree of homology to those of 
Kunitz-type trypsin inhibitors from soybeans and winged bean seeds 
(Figure 10). 

Lectins from the Seeds of Evythvina Species 
(In collaboration with Drs N. Sharon/H. Lis, M. Rosenberg and C. 
Webb from the Weizmann Institute of Science) 

The seeds of many species of the genus Evythvina contain 
lectins that are specific for D-galactose and N-acetyl-D-galacto-
samine. Several of these lectins have been purified and 
characterized to varying extents. The lectin of Evythvina 
cvyetayalli has been isolated earlier using affinity 



Figure 7. Ttie amino acid sequence of proteinase inhibitor DE-1 from A. 
pvecatorn.us seeds. 

10 20 
H2N-Ser^lu-Arg-His-His-His-Ser-Ser^lu-AaH31u-Pro-Pro^lu-Ser-Ser-Lys-(Cys,Cys,Asxf 

30 40 
Ala,Cys,Cys,Thr)-Lys*-Ser-Ile-Pro-Pro-Gln-Cys-Arg-Cys-Ala-Asp-Val-Arg-Leu-Asp-Ser-

50 60 
Cys-His-Ser-AlaH^s-Lys-Ala-Cys-IleK^s-Ma-Leu*-Ser-Tyr-Pro-Pro^ln-Cys-Tlir-Cys-

70 
Phe-Asp-Ttir-Thr-Asp-PheH^s-Tyt^lu-ProK^s-Lys-Ser-Ser-Asp-Asp-Asp-OH 

•Reactive site residue. 



Figure 8. The amino acid sequence of proteinase inhibitor DE-4 from L. aapaesa seed. 

10 20 
H2N-Asp-Asp-Asp-His-Ser-Asp-Asp-Glu-Pro- (Arg) -Glu-Ser-Glu-Ser- (Ser) -Lys-Pro- (Cys ,Cys ,Ser, 

30 40 
Ser ,Cys, Cys ,Thr, Arg*) -Ser-Arg-Pro-Pro-Gln-Cys-Gln-Cys- (Thr) -Asp-Val-Arg-Leu-Asn- (Ser) 

50 60 
Cys-H is- (Ser )-Ala-Cys-Lys- (Ser) -Cys- (Met rCys ,Thr ,Phe*) -Ser-Asp-Pro-Gly-Met-Cys-Ser-Cys-

70 
Leu-Asp-Val-Thr^Asp-Phe-Cys-Tyr-Lys-Pro-i^s-Lys-Ser-Ser-Gly-Asp-Asp-Asp- (Glx ,Glx) -OH 

•Reactive site residue. 
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chromatography on immobilized D-galactose and shown to be specific 
for N-acetyllactosamine. The lectins of E. corallodendvon, E. 
Latissima and E. lyeistemon have been purified by affinity 
chromatography on a column consisting of lactose coupled to 
divinyl sulphone-activated Sepharose. Upon gel filtration on 
Sephadex G-150, the lectins emerged as single symmetrical peaks, 
at a volume close to that of the E. avystagalli lectin, indicating 
that their molecular weights are nearly identical (around 60 000). 
On polyacrylamide gel electrophoresis in SDS, all three lectins 
migrated essentially as single bands with a molecular weight in 
the range of 30 000, which suggests that they each consist of 
two apparently identical subunits. All Evythvina lectins are 
glycoproteins containing between 3-10% neutral sugar and have 
similar amino acid compositions. Hapten inhibition experiments 
show that the lectins are specific for N-acetyllactosamine, this 
disaccharide being about 10-30 times more inhibitory than 
D-galactose. None of the lectins exhibited pronounced anomeric 
specificity. They were all mitogenic for both untreated and 
neuraminidase-treated human peripheral blood lymphocytes, although 
the dose response curves of the E. latissima and E. 
lysistemon lectins were of different shape than those of E. 
aovallodendvon and E. avystagalli. Neither of the lectins was 
mitogenic for inouse splenocytes. Studies of the interaction 
of E. avystagalli lectin with mouse thymocytes showed that it 
binds preferentially to and agglutinates the cortical (immature) 
cells. 

Although this pattern is similar to that observed with 
peanut agglutinin and mouse thymocytes, competition experiments 
show that the receptors for the two lectins on these cells are 
distinct. E. avystagalli lectin bound specifically to cells of 
the inner cell mass of peri-implant, at ion embryos and to 
undifferentiated teratocarcinoma cells. It may thus be a useful 
marker to follow changes in surface carbohydrates during 
differentiation of lymphocytes and embryonic cells. 



Figure 9. The complete amino acid sequence of trypsin inhibitor DG-3 from Erythrina latiaeima seeds 

10 20 30 
H2N-Val-Leu-Leti-Asp-Gly-Asn-Gly-Glu-Val-Val-Gln-Asn-Gly-Gly-Thr-Tyr-Tyr-Leu-Leu-Pro-Gln-Val-Trp-Ala-Gln-Gly-Gay-Gly-Val-GXn-

< -FI
JI X T2 ^ T3-

_T1 a T2b-
S equencer 

40 50 60 
Leu-Ala-Lys-Thr-Gly-Glu-Glu-Thr-Cys-Pro-Leu-Thr-Val-Val-Gln-Ser-Pro-Asn-Glu-Leu-Ser-A8p-Gly-Lys-Pro-Ile-Arg-Ile-Glu-Ser-

F1 
— T 3 X T4 X T5 

< T4a > 
——Sequencer > 

70 80 90 
Arq-Leu-Arg*-Ser-Thr-Phe-Ile-Pro-Asp-Asp-Asp-Glu-Vaa-Arg-Ile-Gly-Phe-Ala-Tyr-Ala-Pro-Lys-Cys-Ala-Pro-Ser-Pro-Trp-Trp-Thr-

F1>e « 
T5^T6 ^ T1 X T2 ^ T3 

< T3a x 
< S1 X S2 
< Sequencer ^ 



Figure 9 (continued) 
100 110 120 

Val-Val-Glu-Asp-Glu-Gln-Glu-Gly-Leu-Ser-Val-Lys-Leu-Ser-Glu-Asp-Glu-Ser-Thr-Gln-Phe-Asp-Tyr-Pro-Phe-Lys-Phe-Glu-Gln-Val-
F2 

_T3 X T4 X T5-
-T3b 5» 

-S2 i^ S3 ^í S4 X S5-

130 140 150 
Ser-Asp-Lys-Leu-His-Ser-Tyr-Lys-Leu-Leu-Tyr-Cys-Glu-Gly-Lys-His-Glu-Lys-Cys-Ala-Ser-Ile-Gly-Ile-Asn-Arg-Asp-Gln-Lya-Gly-

F2 
T5 ^< T6 X T7 X T8 X T9 ^T10_ 

< T7a X T7b ^ 
S5 ^ < S6 

160 170 
Tyr-Arq-Arq-Leu-Val-Val-Thr-Glu-Asp-Asn-Pro-Leu-Thr-Val-Val-Leu-Lys-Lys-Asp-Glu-Ser-Ser-OH 

F2 > 
—T10->4T1 1 X T12 ^< T13 > 

^ T13a > 
S6 =** S7 :> 

•Reactive site residue. 
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Figure 10. Cosparison of the amino acid sequences of Kunits-type trypsin inhibitors fro» seeds 
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(a) Soybean seed; (b) winged bean seeds (Ptaphoaarpue tetragonolobu» (L)(DC.) and (c) DE-3 from 
K. latieeima seeds. The circles in a boxed region indicate variant amino acids. 
•Reactive site residue 
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Toxins from Microcystis aeruginosa 

The partial structure previously proposed for one of the 
major toxins, cyanoginosin-LA, was further refined. Anhydride 
catalyzed tritium labelling showed incorporation in 3-CH3-ASP and 
Glu. This confirmed the iso-linkages previously proposed for 
these residues in the monocyclic structure. The N-CH3- Ala 
residue, derived from NaBH4 reduction of the native toxin, did not 
incorporate the label, suggesting an endocyclic rather than an 
exocyclic position as previously proposed. 

Trifluoroacetic acid-linearized toxin incorporated label 
also in the N-CH3- Ala residue, indicating a carboxyl-terminal 
position for this residue in the linearized structure with an 
amino-terminal sequence of Ala-Leu. This, together with the 
PABMS fragmentation pattern, refined the structure to: 

rVvVrx 

- V ^ N H02C H 

Isolation and Characterization of a NAD(P)H-
Dehydrogenase from the Blue-green Alga, 
Microcystis aeruginosa 

Cyanobacteria (blue-green algae) are a group of 
prokaryotes capable of a higher plant type of photosynthesis which 
is fairly well defined. In contrast, the respiratory pathway in 
the blue-greens is not fully understood, and knowledge on the 
characteristics of individual members of this system is relatively 
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scanty. The ready availability of an NAD(P)H-dehydrogenase in 
extracts of M. aeruginosa and its relative ease of isolation, 
therefore offered a possibility of studying electron flow between 
reduced pyridine nucleotide and the acceptor in the cell membrane, 
besides examining the properties of this important enzyme in the 
energy processes of the alga. 

Trituration of cells and extraction, followed by gel 
chromatography and hydrophobic interaction chromatography, 
yielded a preparation homogeneous in respect of molecular size and 
amino acid composition. Polyacrylamide gel electrophoresis 
showed only one band but, in analytical chromatofocusing, three 
peaks with enzyme activity were observed focusing at pH 4,75, 
4,65, and 4,20 respectively. It therefore appears that the 
enzyme exists in microheterogeneous form. 

The data on molecular weight of the enzyme are 
consistent with an octamer being the active form. The molecular 
weight of the octamer was calculated as 41000 while that of the 
monomer was found to be 5100. Fluorescence and absorption 
spectra of the enzyme demonstrated that the molecule is a 
flavoprotein. The presence of a flavin moiety was confirmed by 
thin-layer chromatography (TLC) using authentic FAD, FMN, and 
riboflavin as standards. 

The activity of the enzyme is consistently higher with 
NADPH than with NADH while a wide range of quinoid type 
compounds could function as electron acceptors. The reaction of 
the acceptors correlated with their E0-values since substrates 
having redox potentials on the more positive side of the scale 
evoked higher responses. 

The enzyme is localized in the soluble fraction of 
extracts, which shows that the dehydrogenase is not an integral 
membrane protein. Instead, a peripheral association with cell 
membrane is suggested since oxidation of pyridine nucleotide by 
the enzyme is achieved in the presence of membrane particles. 
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Further studies will be carried out to elucidate the 
structural and kinetic characteristics of the enzyme and its 
relation to the respiratory and photosynthetic electron transport 
systems. 

Hybridoma Technology 

The production of 22 hybrid cultures producing antibo
dies against cardiotoxin V 1 1 ! (Naja nivea) was reported in the 
previous Annual Report. 

Two clones of YA4 hybrid cultures were used for large 
scale production of monoclonal antibodies. The clones YA^-14 and 
YA4-3 were chosen for their high growth rate and high level of 
antibody production. Monoclonal antibodies were produced on a 
large scale either by culturing cells in flasks and harvesting the 
supernatants, or by injecting cells into mice and collecting 
ascitic fluid. The antibodies were purified by ammonium 
sulphate precipitation and affinity chromatography. They were 
tested for similarities by an ELISA based avidity test, 
isoelectric focusing, and immunodiffusion typing assay. It was 
found that the clones produced identical monoclonal antibodies 
which focused in the pH range 7,4-8,1 and belonged to the mouse 
sub-class IgGl. 

The purified YA4 monoclonal antibody was used to study 
its affinity to cardiotoxin and its effects on cardiotoxin biolo
gical activity. The monoclonal antibody showed very high affini
ty for the toxin. The dissociation constant calculated according 
to the Langmuir equation was 0,26X10~9M. YA4 monoclonal antibody 
had no effect on the biological activity of the toxins. Incuba
tion of toxin with the antibody prior to injection into mice did 
not save the animals nor did it prevent lysis of red blood cells 
by the toxin. The YA4 monoclonal antibody alone did not show any 
toxic or lytic activity. Since YA4 monoclonal antibody binds to 
cardiotoxin without affecting its biological activity, it can be 
used for histological and membrane studies on the physiological 
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and cellular mode of action of cardiotoxin. 

The next stage in this work is to search for other mono
clonal antibodies different from YA^ among previously reported po
sitive hybrid cultures. The production of monoclonal antibodies 
against the hepatotoxin of the blue-green alga Microcystis 
aeruginosa is in progress. 

Isolation of mRNA from Various Sources 

Total RNA, prepared from milked venom glands of the 
Banded Egyptian Cobra (Naja naja annul if era), was translated in 
an in vitro rabbit reticulocyte cell-free system. Polyadenylated 
messenger RNA was isolated from total RNA by affinity chromatogra
phy on oligo-dT-cellulose and its translation products are in the 
process of being investigated. A specific oligonucleotide is 
being used to isolate pure cardiotoxin mRNA and determine the 
presence of signal peptides. 

In addition, mRNA from germinating seeds of Erythrina 
latissima is being isolated and probed for the plasminogen 
activator inhibitor. 

Total RNA has been isolated from estrogen-stimulated 
livers of chickens and translated in an in vitro rabbit 
reticulocyte cell-free system. Polyadenylated messenger RNA is 
being isolated by oligo-dT-cellulose affinity chromatography and 
complementary DNA prepared. t N-Terminal amino acid sequences of 
two phosphoproteins found in chicken vitellogenin are known and 
complementary oligonucleotide probes are being used as a tool to 
investigate the expression of vitellogenin genes. 

The relevant N-terminal sequences of the two constituent 
phosphoproteins in phosvitin, which is part of the precursor 
protein vitellogenin, are: 
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Sj : Ala-Glu-Phe-Gly-Thr-Glu-Pro-Asp-Ala-Lys-Thr 

S2 : Lys-Ser-Arg-Gln-Jer-Lys-Ala-Asn-Glu-Lys-Lys-Phe-Tyr. 

Bars indicate the pentapeptide regions which were chosen for the 
relevant oligonucleotide probe synthesis to give as low a codon 
degeneracy as possible. The following two complementary codon 
mixed probes were thus synthesized: 

S. : 3'-CT^AA^CCGTGGCTI-5' 
T T 
C C 

S 0 : S'-TT^CT^TT^TT^AA^'-S' L A C C C A 

Endomembrane Traffic 

Many cellular processes depend on repeated 
fusion-fission events between various intracellular membrane 
organelles. This leads to a continuous endomembrane traffic, 
the extent and intracellular pathways of which are only now 
becoming known. 

To put the endocytosis-derived intracellular transfer of 
plasma membrane on a quantitative basis, a model had been proposed 
whereby internalized membrane, on fusion with lysosomes, enters 
the secondary lysosomes to only a small extent. The remaining 
membrane is directly recycled to the cell surface. 

In order to test this proposal and learn more about the 
parameters controlling fusion between endosomes and lysosomes, tiie 
behaviour of internalized membrane is being studied in macrophages 
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with lysosomotropic drugs which interfere with endosome-lysosome 
fusion. First results indicate that in the presence of ammonium 
ions the entry of internalized membrane into secondary lysosomes 
is inhibited. This is in agreement with the proposed model and 
relates directly to the mechanisms by which certain endoparasites 
evade intracellular destruction. 

A further investigation considers the mechanisms by 
which the cell avoids breakdown of membrane constituents 
exposed to lysosomal enzymes on the inner side of the secondary 
lysosomes. Selective digestion of labelled plasma membrane 
constituents (after phagocytotic uptake by amoeba) is compared 
when this membrane marker is either part of the lysosomal membrane 
or when it is present as a content marker. 

Fusion between membranes of different composition will 
lead to rapid mixing of membrane constituents due to lateral 
diffusion in the plane of the membrane. Thus the cell either 
operates a mechanism avoiding such mixing or it is able to sort 
mixed membrane components. It has been possible to make the 
process of membrane-sorting accessible to experimental 
investigation using the stimulated insertion of granular membrane 
into the cell surface during secretion in mast cells as an 
experimental system. The results show that, in this particular 
case, sorting of membrane occurs at the cell surface by selective 
retrieval of granular membrane. 

Peptide Synthesis 

During the past year several peptides have been 
successfully synthesized in this laboratory using the 
9-fluorenylmethyloxy-carbonyl amino protective group (Fmoc). 
Synthesis was carried out in a custom-made glass reactor cell 
( aa. 1 ml) and completeness of coupling established after each 
incorporation step, by spectrophotometric measurement of the 
amount of the protective group present. The advantage of this 
test is that the coupling can be repeated if necessary. Yields 
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were improved by excluding moisture during the synthesis. 

The synthesis of the C-terminal (residues 50-60) of Naja 
m. mossambiaa V J I3 cardiotoxin was carried out but one of the 
cysteinyl residues was replaced with L-a-amino butyric acid 
(ABA). Two glycyl residues were incorporated at the C-terminal 
of the peptide as spacers between the peptide and the solid 
phase during the synthesis. The three asparaginyl residues in 
the peptide were incorporated with the activated ester method, 
using 1-hydroxybenzotriazole (HOBt) and dicyclohexylcarbodiimide 
(DCC). All the other amino acids were coupled with the 
symmetrical anhydride method. The final peptide had the 
following amino acid sequence. 

Lys-Tyr-Met-ABA-Cys-Asn-Thr-Asn-Lys-Cys-Asn-Gly-Gly 

The synthesis of an eight residue fibrin-like 6-peptide 
(Gly-His-Arg-Pro-Leu-Asp-Lys-Cys) is currently being carried out. 
The two basic amino acid residues (Arg, His) are only available 

with Boc-group protection on their N-terminal amino groups. 
Lysine has a Boc (ter><:-butyloxycarbonyl) group on its side-chain, 
and the Boc-groups of histidine and arginine had to be replaced 
with Fmoc-groups. This was accomplished by removing the 
Boc-groups with 1N HCl-acetic acid and the Fmoc-groups were 
introduced with 9-fluorenylmethyl chloroformate. In both cases 
the yields were only aa. 15%. The arginine with a nitro group on 
its side-chain was successfully incorporated into the peptide, but 
histidine with a 1-benzyloxycarbonylamino-2,2,2-trifluoroethyl 
protection group on the imidazolegroup gave problems. According 
to the literature this may be as a result of steric hinderance. 

It was therefore decided to prepare Pmoc-glycyl-
histidine without side-chain protection. Since histidine is only 
soluble in aqueous solutions, the activated ester method with 
N-hydroxy-suocinimide and DCC was used to effect the dipeptide. 
This peptide was purified by HPLC and coupled to the rest of the 
peptide on the solid support with the HOBt-DCC method. 
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In contrast to the ahove mentioned syntheses using the 
glass reactor cell, a glycodipep^ide (N-acetyl-muramyl-L-alanyl-D-
isoglutamine) was synthesized using classical organic chemistry 
methods. This immunoadjuvant glycopeptide h«p the minimal 
structure required for the induction of delayed-type 
hypersensitivity and an increase in the level of circulation 
antibody to an antigen. Gram quantities of this peptide are 
needed for various studies in this laboratory: the current buying 
price is R180/20 mg. 

The synthesis was started with D-glutamine acid and the 
Y-carboxyl group was preferentially esterified with benzyl 
alcohol. In successive steps a Boc-group was attached to the 
N-terminal amino group, the a-carboxyl group was amidated and the 
Boc-group was removed. Boc-alanina was then coupled to the 
protected D-isoglutamine, the Boc-group removed and the dipeptide 
was coupled to protected N-acetylmuramic acid. In the final step 
all the protective groups on the carboxyl-groups were removed and 
the glycopeptide purified by chromatography on an A31X2 (acetate 
form) column. 
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RESEARCH PROGRAMME 

The research programme for the forthcoming year remains 
essentially the same as that of the previous year. Certain tasks 
have been deleted in order to consolidate others. Collaboration 
with both local and overseas groups has been maintained in areas 
where the necessary facilities and expertise are lacking. 
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RESEARCH PROGRAMME 1985 DIVISION: MOLECULAR BIOCHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/20013 

The biologically 
active components 
of snake venoms 

1. Structure, specificity and 
modification of snake venom 
toxins and enzymes (A 1969) 

Dr C.C. Viljoen 
Dr D.P. Botes 
Mr F. Cloete 
Mr J.N. Taljaard 

1.1 Determination of the 
structure of toxins from 
Atractaspis species 
(A 1980) 

Prof E. Kochva 
Tel Aviv 
University 

Dr D.P. Botes 
Mrs H. Kruqer 

1.2 Determination of the 
structure of toxins and 
enzymes from Aspidelaps 
sautatue venom (A 1981) 

Dr C.C. Viljoen 
Mr F. Cloete 

1.3 Kinetic studies on the 
arginine esterases from 
Bitie gabonica venom 
(A 1976) 

1.4 Conformation studies on 
the arginine esterases 
from Bitis gabonica 
venom (A 1976) 

Dr F.H.H. Carlsson 1.5 Renaturation studies on 
disulphide-reduced 
cardiotoxins (A 1979) 

Dr F.H.H. Carlsson 
Dr A.I. Louw 

1.6 Chemical and biological 
properties of chemically 
modified cardiotoxins 
(A 1976) 

Prof L. Visser 
University of 
Pretoria 

Dr A I Louw 
Mr G. Osthoff 
Dr L. Swart 

1.7 Properties of cardio-
toxin peptide fragments 
(A 1983) 

Prof L. Visser 
University of 
Pretoria 

Dr A.I. Louw 
Mr G. Osthoff 

1.8 interrelationship of 
hydrophobicity with 
biological properties 
of cardiotoxins (A 1983) 

Prof L. Visser 
University of 
Pretoria 

600/20112 

The biology and 
biochemistry of 
membranes 

1. The interaction of snake 
venom cardiotoxins with 
the cell membrane 

Dr A.I. Louw 
Miss A.M. Fourie 



^ 
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RESEARCH PROGRAMME 1985 DIVISION: MOLECULAR BIOCHEMISTRY 
I Project Number 

and Title 
Tasks (Priority, year 

started) 
Collaboration 

600/20112 1.1 Influence of cardiotoxins 
on the binding and trans
port of Ca 2 + and the pro
perties of individual 
erythrocyte and heart 
cell membrane proteins 
(A 1976) 

Prof L. Visser 
University of 
Pretoria 

Dr A.I. Louw 
Ms K.M. Penman 

1.2 Stimulation of phospho-
lipase A 2 and C activity 
in heart cells and the 
influence of lipid meta
bolites upon membrane 
function (A 1976) 

Dr A.I. Louw 
Miss A.M. Pourie 
Ms K.M. Penman 

1.3 Biochemical and ultra-
structural changes in 
heart and red blood cell 
membranes after cardio-
toxin exposure (A 1979) 

Prof L.Visser 
University of 
Pretoria 

Dr P.H.H. Carlsson 
Miss A.M. Pourie 
Dr A.I. Louw 

1.4 Localization of binding 
centres for cardiotoxin 
on cell membranes by 
utilizing fluorescent 
markers and cleavable 
bifunctional crosslin
king reagents (A 1981) 

Dr A.I. Louw 
Mr G. Osthoff 
Miss A.M. Pourie 
Dr R. Kfir 

1.5 Identification of puta
tive receptors for 
cardiotoxins on cell 
membranes (A 1979) 

2. Endomembrane flow during 
endocytosis 

Prof L.Visser 
University of 
Pretoria 

Dr L. Thilo 2.1 Analysis of membrane 
internalization during 
recycling of membrane 
after induced secretion 
of peritoneal mast cells 
(A 1983) 

Dr L. Thilo 2.2 Morphometric analysis of 
endomembrane flow in 
macrophages through use 
of three functionally 
different membrane 
markers (A 1983) 

Dr H. Schwarz/ 
Tubingen 
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RESEARCH PROGRAMME 1985 DIVISION: MOLECULAR BIOCHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

Dr L. Thilo 
Dr T. Haylett 

1 

2.3 Influence of lysosmotro-
pic agents on membrane 
flow for elucidation of 
the mechanisms involved 
(A 1983) 

Dr A.I. Louw 
Dr L Thilo 

2.4 Influence of cardiotoxin 
interaction with cell 
membranes with specific 
reference to the effect 
upon endomembrane flow 
(A 1983) 

Dr L. Thilo 2.5 Mechanisms of 'self and 
•foreign' recognition in 
amoeba during lisosomal 
cleavage (A 1983) 

Dr A. de 
Jesus 

Dr L. Thilo 2.6 Quantitative assay of 
membrane flow during 
pinocytosis in fibro
blasts (A 1983) 

Prof E.Dowdle 
University of 
Cape Town 

600/20021 
Phosphoprotei n 
structure 

1. Structural analysis of 
hen egg phosvitin (A 1969) 

Dr R.C. Clark 
j Dr J. Dijkstra 
! Mrs R. Fanjek 
< 
| 600/20039 
i 

| Lectins, protease 
i inhibitors and 
I other enzymes of 
J plant seeds 

1. Isolation and characteri
zation of NAD(P)H-dehydro-
genases from plant seeds. 

! Dr C.C. Viljoen 
Mr F. Cloete 
Mrs H. Kruger 
Dr F.J. Joubert 

600/20070 

2. Isolation and sequencing 
of protease inhibitors 
from plant seeds (A 1980) 

Prof E. Dowdle 
University of 
Cape Town 

The biologically 
active components 
of blue-green 
algae 

1. Structure specificity and 
modifications of algae 
toxins 
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RESEARCH PROGRAMME 1985 DIVISION: MOLECULAR BIOCHEMISTRY 
-

Project Number Tasks (Priority, year Collaboration 
and Title started) 

Dr D.P. Botes 1.1 Isolation of toxins and Mr W.E. Scott 
Mrs H. Kruger enzymes from Microcystis NIWN; Dr D.H. 

aeruginosa (A 1980) 

1.2 Determination of the 
structure of toxins from 
Microcystis aeruginosa 

Williams, 
Cambridge 

Dr C.C. Viljoen 1.3 Determination of the mode 
Mr P. Cloete of action of toxins from 
Dr R.J. Wicks Microcystis aeruginosa 

600/20088 
Cell culture and 1. Production of monoclonal Prof E. Dowdle 
hybridoaa antibodies against cardio- University of 
technology toxins (A 1982) Cape Town; 

Prof L. Visser 
Dr R. Kfir University of 
Dr A.I. Louw Pretoria 
Mr G. Osthoff 
Miss A.M. Fourie 
Ms K.M. Penman 

Dr R. Kfir 2. Cell cultures for scree
Dr T. Haylett ning of biological effects 
Dr A.I. Louw of venom components and 

lectins 

Dr D.P. Botes 3. Production of monoclonal Prof L. Visser 
Dr R. Kfir antibodies for mapping University of 
Dr F.H.H. Carlsson of antigenic surfaces of Pretoria 
Dr C.C. Viljoen venom components 
Mr F. Cloete 
Mr G. Osthoff 

Dr D.P. Botes 4. Production of monoclonal Dr J. Conradie 
Dr R. Kfir antibodies for enzyme Nil 
Dr C.C. Viljoen linked immunosorbent and 

radio-immuno assays of 
algal toxins 

600/20096 
Conformational 1. 1H- and 13C-n.m.r. of Prof K. 
analysis of cardiotoxins modified Wuthrich, 
proteins and cardiotoxins and homolo- E.T.H.; 
peptides by gues Prof L. Visser 
n.tn.r. University of 

Pretoria 
Dr D.P. Botes 
Dr F.H.H. Carlsson 
Dr A.I. Louw 
Mr G. Osthoff 
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RESEARCH PROGRAMME 1985 DIVISION: MOLECULAR BIOCHEMISTRY 

Project Number Tasks (Priority, year Collaboration 
and Title started) 

Dr D.P.Botes 2. Conformation of Bowman-
Birk inhibitors and the 
individual fragments re
sponsible for tryptic and 
chymotryptic inhibition 

Dr D.P. Botes 3. 1H- and 13C-n.m.r. of Dr D.H. 
Dr C.C. Viljoen toxin variants from Williams 

Microcystis aeruginosa University of 
Cambridge 

600/20104 

Dr C.C. Viljoen 1. Synthesis of oligonucleo
Dr R.C. Clark tide probes for tracking 
Dr D.P. Botes of specific messenger 
Mr F. Cloete RNA'S 
Miss L.C. du 
Plessis 
Dr R.J. Wicks 

Mr P. Cloete 2. Nucleotide sequence 
Dr C.C. Viljoen analysis 
Dr D.P. Botes 
Dr R.C. Clark 
Miss L.C. du 
Plessis 
Dr R.J. Wicks 

600/20120 

Peptide synthesis 1. Peptide synthesis for in Prof L. Visser 
hibition and immunochemi University of 

Dr L.S. Swart cal studies on toxins from Pretoria 
Mr G. Osthoff snake venoms and algae 
Dr D.P. Botes (A 1983) 
Dr C.C. Viljoen 
Dr A.I. Louw 
Mr F. Cloete 





- 129 -

ORGANIC CHEMISTRY 

Introduction 

The research programme of the Division of Organic 
Chemistry constitutes the following rather diverse activities: 
physiologically active substances from micro-organisms; 
medicinally important plant products; synthesis and properties of 
pharmacologically active steroids; synthesis and properties of 
heterocyclic compounds; physico-organic applications of NMR 
spectroscopy; application of mass spectrometry to organic 
chemistry; structure and conformational analysis of organic 
molecules; and application of chiroptical methods to organic 
chemistry. Sound progress was made with these projects. 

The research group on heterocyclic chemistry has become 
well established. Excellent results were obtained on the 
synthesis of aza-azulenes and of novel thionitroso compounds. 

A one-month visit to the Division by Dr Rex Gallagher 
(Ruakura Animal Research Station, Hamilton, New Zealand) was most 
successful, and resulted in the elucidation of the structure of 
lolitrem B. Lolitrem B is an important neurotoxin which is 
produced by an endophytic fungus under field conditions. 

Research on plant chemistry problems gained adequate 
momentum and will be reported under a separate heading. In this 
project on toxic plants collaborative research is undertaken with 
the Veterinary Research Institute at Onderstepoort. 
Collaborative research is also undertaken with Medunsa and the 
Botanical Research Institute on plant allergens; and with a local 
pharmaceutical company on medicinal substances from plants. 

The research capabilities of the Laboratory were 
substantially strengthened by the acquisition of an Enraf Nonius 
CAD4P single crystal X-ray diffractometer; the national service 
of X-ray data collection will be rendered by this facility. 
Many challenging structural problems benefitted from the direct 
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availability of the high-field nuclear magnetic resonance 
spectrometer and of the satellite data station. One such 
facility is, however, inadequate to provide a proper service to 
researchers at the NCRL, Universities and other research 
institutions. 

A concerted effort was made to establish research links 
with the agricultural control boards and with South African 
companies which are involved in pharmaceutical chemistry and the 
heavy chemical industry. The effects should be evident from the 
future activities of the Division. 

The members of the Division are involved in preparations 
for the 6th IUPAC International Symposium on Mycotoxins and 
Phycotoxins to be held in Pretoria, July 22-25, 1985. 

Toxic Fungal Metabolites 

This project involves formal collaboration with the 
National Research Institute for Nutritional Diseases of the S.A. 
Medical Research Council, and with a number of international 
groups. Sustained progress was made on a number of chemical 
investigations. The structural investigations benefitted 
considerably from direct access to the Bruker WM-500 NMR 
spectrometer. 

The research group contributed three chapters to the 
monograph of Elsevier Science Publishers, Amsterdam, entitled 
"Mycotoxins - Production, Isolation, Separation and Purifica
tion". The monograph, edited by V. Betina (Bratislava), appeared 
in 1984. Two review articles were written for an Academic Press 
book on mycotrxins, entitled "Modern Methods in the Analysis and 
Structural Elucidation of Mycotoxins", edited by R.J. Cole (USA). 
Professor W. Herz, the editor of the Verlag Chemie Publication 
"Advances in the Chemistry of Natural Products", has invited Drs 
Steyn and Vleggaar to compile a comprehensive review on Fungal 
Tremorgens. 
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The importation of commodities (maize and peanuts) 
contaminated by mycotoxins (e.g. aflatoxin) into the RSA led to 
serious problems. Analyses were carried out on dog feed and 
ostrich feed. Aflatoxin Bj was supplied to industrial concerns as 
an analytical standard and to toxicologists for establishing the 
pathological effects on certain experimental animals. Advice on 
the analysis and decomposition of mycotoxins was given to the food 
and feedstuff industry, and to agricultural control boards. 

An agreement was reached with the Los Alamos National 
Laboratory for the supply, free of charge, of large quantities of 
high-cost stable isotopes for the total synthesis of specifically 
labelled mevalonolactones. 

Ryegrass staggers is a nervous disorder affecting 
sheep, cattle, horses, and deer grazing on pastures dominant in 
perennial ryegrass (Lolium pevenne L.). This disorder, characte
rized by a severe incoordination and hypersensitivity to external 
stimuli, is of considerable importance to agriculture in New Zea
land and Australia. Extensive investigations by New Zealand 
scientists into the cause of ryegrass staggers recently led to the 
isolation and purification of four potent neurotoxins, named 

(l) 
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lolitrems A, B, C, and D from toxic ryegrass and ryegrass seed. 
The structure elucidation of the major neurotoxin, lolitrem B (1), 
C42 H55 N 07' w a s a collaborative study with Dr R.T. Gallagher, 
Ruakura Animal Research Station, Hamilton, New Zealand, and is 
based on a detailed study of its high-field 1H and 1 3 C NMR 
spectra. 

A strain of Fusavium monilifovme Sheldon, one of the 
most prevalent fungi on maize, was found to be not only highly 
toxic, but also mutagenic. The structure of the mutagen, fusarin 
C (2) is based on a detailed study of its high-field 1H and 1 3C 
NMR spectra as well as X-ray crystallography of the 8Z isomer of 
fusarin C which defined the substitution pattern and relative 
configuration of the 2-pyrrolidone moiety. Nuclear Overhauser 
enhancement experiments indicate that the 2E,4E,6E,8E,10E polyene 
chromophore of fusarin C exists in solution as an equilibrium 
between two conformers with s-eis and s-tvans topology of the 
C(5)-C(6) single bond. 

Prolonged exposure of fusarin C to ultraviolet light as 
well as high temperatures results in extensive decomposition. 
Irradiation of a dichloromethane solution of fusarin C at 366 nm 
for 5 minutes results in the formation of three isomers which on 
the basis of their 'H chemical shifts and proton-proton coupling 
constants, are assigned the 8Z, the 6Z and the 10Z stereoche
mistries. 
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At room temperature fusarin C is slowly converted into 
an equilibrium mixture of fusarin C, the C(15) epimer (3) and 
the isomeric epoxide (4). 

1-OH 

(3) (4) 

Two related but non-mutagenic metabolites, fusarin A (5) 
and D (6), were also isolated from maize cultures of F. monili-
fovme. Their structures were determined by ^H and 1^C NMR 
spectroscopy. 

C0 2Me 

(5) R « H 
(6) R-OH 

Maize meal infected with F. monilifovme is also the 
cause of equine leukoencephalomalacia. A concerted effort is 
being made to isolate the causative substance(s). The isolation 
procedure involves extraction into organic solvents, followed by 
solvent partition, treatment with activated charcoal and 
separation on Sephadex. 
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Collaborative research with the Australian CSIHD has led 
to the structure elucidation of phomopsin A, a novel cyclic 
hexapeptide from Phomopeis leptostromif'ovmis . This fungus 
produces, in addition to phomopsin A, a number of closely related 
toxinr. These substances are purified by extensive application 
of high performance liquid chromatographic (HPLC) techniques. 
The unusual formation of glycine and sarcosine upon acid 
hydrolysis of phomopsin A is being studied. 

Fusavium acuminatum is of great importance in areas of 
Southern Africa where humans are suffering from M'seleni disease 
and Onyalai. Investigations of the toxic extracts of this fungus 
led to the isolation of trichothecene mycotoxins. Neosolaniol 
monoacetate (7),a known toxin, was isolated and completely 
characterized. 

CH20Ac 

(7) 

Toxic extracts from a number of other fungi, e.g. 
Diplodia maydie, Dveahelera aampanulata, Altevnavia altevnata, 
Fueavium sulphuveum, Fueavium equiseti, Aspergillus nigev, 
Aspevgillue fumigatus, Rhizopue sp. and Botvytie ainevea are being 
investigated. 

The biosynthesis of asteltoxin (8), a potent inhibitor 
of bacterial ATPase, by cultures of Emeviaella vavieaolov was 
studied by using [1- 1 3C]-, [2- 1 3C]-, and [1,2-13C2Jacetate, 
[1-13C]propionate and (2 S)-[ methyl-^Qmethionine as precursors. 
The results revealed the operation of two apparently independent 
biosynthetic pathways, which are distinguishable by the different 
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origins of C{1)-C(3). Pathway A involves the C-methylation of a 
C2o~polyketide precursor at C(18), followed by the loss of the 
chain-initiating acetate unit, C(19)-C(20). Thus, C(1)in 
asteltoxin is thus derived from methionine, and C(2) and C(3) from 
malonate. In contrast, pathway B involves a C^-precursor, 
formed from a propionate chain-initiating unit and eight malonate 
(acetate) units: C(1)-C(3) are thus derived from propionate. In 
addition, the arrangement of intact acetate units in asteltoxin 
derived from [1,2-13C2lacetate proves that a 1,2-bond migration 
occurs in the course of the biosynthesis to generate a branched 
aldehyde subsequently utilized in the formation of the 
bistetrahydrofuran moiety. 

(8) 0 

Medicinally Important Plant Products 

Cotyledonosis (krimpsiekte) is an intoxication which 
affects the nervous and muscular systems of sheep and goats and is 
characterized by spasmodic contractions of the muscles. Animals 
can die or become paralysed; the latter condition may last for 
weeks. Krimpsiekte is caused by members of the plakkie family 
(Crassulaceae) and the genera Cotyledon, Tylecodon, and Kalanahoe 
are particularly rich in poisonous species. 

The structures of two toxins, isolated from Cotyledon 
ovbieulata by Dr L.A.P. Anderson, Onderstepoort were elucidated as 
(9) and (10) using both one- and two-dimensional 'H and ^C 
n.m.r. spectroscopy. 
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( 9) 
( I0 ) 12-dihydro 

Many South African plants are known to cause dermatitis 
in humans. A collaborative programme was initiated with 
Professor T. Heyl of Medunsa and with scientists from the 
Botanical Research Institute aimed at the isolation and 
characterization of the plant allergens. 

Synthesis and Properties of Steroids 

The continuing work on the synthesis of skeletally 
modified 14-methyl-19-norsteroids has reached a stage where 
several samples of hormone analogues have been submitted to 
Schering AG for pharmacological evaluation, in terms of a 
collaborative agreement. Early results upon their affinities for 
estrogen receptors have provided guidelines to the planning of 
future objectives. 

An essential development in the exploitation of the 
totally synthetic approach to configurational isomers in the {+)-
14o-methylestrone series, was the finding that the primary tetra
cyclic intermediate, comprising a mixture of the tetraen-17-ones 
(11) and (12), can be efficiently converted into a separable 
mixture of the 8e,9B-,8 a,9a- and 86,9a-isomers (13), (14), and 
(15). Since the desired 9B-compound (13) preponderates in a 
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reaction sequence involving catalytic reduction, dissolving metal 
reduction, t-butylation, and selective deprotection, the method is 
complementary to that described earlier for the preparation of the 
'natural' 8n,9a-isomer (15). 

The 3-methyl ethers (13), (14), and (15) and their 
derived estradiol analogues have been submitted for hormonal 
testing. 

In view of the failure to prepare the 3,173-diol, having 
the 14a-roethylequilenin skeleton, through direct reduction of the 

0 OH 

CD A 9 { l " (|3) 8/3,9/3 
(12) A 8 (14) 8a ,9a 

(15) 8/8,9a 

corresponding 17-ketone, an indirect route was developed. A 
mixture of (11) and (12) was converted into a corresponding 
mixture of A 9 ( 1 1 ) - and A8-173-t-butoxy-ethers (16) and (17), 

(16) A9"" 
(17) A 8 

(18) A " 
(I» H, I 2 - H Z 
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which underwent dehydrogenation in the presence of 
2,3-dichloro-5,6-'Iicyanobenzoquinone, to give the corresponding 
hexaene (18) and pentaene (19). These intermediates were readily 
converted into (+)-14-methyl-14a-estra-1,3,5(10),6,8-pentaene-3, 
17e-diol. The mechanism and chemoselectivity of the 
dehydrogenation reaction were investigated. 

The investigation into partial synthesis of 14a-methyl-
19-norsteroids, through base-mediated alkylation of 15-ketones, 
has been concluded with the finding that methylation of the 19-
norpregnane intermediate (20) at -80"C in the presence of sodium 
amide is highly stereoselective, giving the 14a-methyl-15-ketone 
(21), which was readily converted into 14a~methyl-19-norprogeste-
rone (22), through Wolf-Kishner reduction, followed by Birch 
reduction and acid treatment. 

(20)R«H (22) 
(21) R-Me 

A novel approach toward the partial synthesis of 14a-
methyl- and 14a-functionalised-methyl-19-norsteroids, is based 
upon stereoselective cycloaddition to 14,16-dienes, followed by 
oxidative cleavage of the resultant bridged-ring olefins. Typi
cally, Diels-Alder reaction of the dienyl acetate (23) with phe-
nylvinylsulphone proceeded regio- and stereospecifically to give a 
single adduct (24), which was converted into 14a-hydroxymethyl-
estrone (25) and functionally-related products. The scope of the 
approach is being explored with a variety of ring p dienes. 
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In order to exploit a further approach to 14 a,15 a-
methylene steroids, based upon directed methylenation of 
/^-precursors, a new method was developed for the synthesis of 
estra-1,3,5(10), 14-tetraene-3,17a-diol 3-methyl ether. This 

MeO 

0 

H O ^ 

(23) (24) (25) 

entailed transformation of the 14a,15a- and 143,153-epoxy-17 3-
alcohols into their respective 14,176-diols, and the application 
of selective inversion reactions or oxidation-reduction steps in 
order to utilize both isomers effectively. The consequent 
availability of the A 1 4-17a-alcohol in quantity has made possible 
further elaboration of this route to 19-norsteroids having 14 -
alkyl residues. 

Studies aimed at preparing further stereoisomers of the 
4,6-propanocholestanes, involved attempted conjugate alkylation of 
3-alkoxy-A 4-6-ketones. However, the lack of reproducibility of 
these experiments led to examination of an alternative approach, 
involving reductive alkylation of cholest-4-ene-3,6-dione (26). 
Model studies have shown that, although reductive methylation of 
(26) is regioselective, the reaction does not display the expected 
stereoselectivity, and a mixture of 4e-methyl-5g- and 4a-methyl-5a 
-3,6-diketones (27) and (28) is obtained. Equilibration and 
molecular mechanics studies have provided an explanation for this 
phenomenon, and the implications for incorporation of a C3-
synthon at C(4) are being investigated. 
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Z 8 " ' 7 CAH 

Me ° 

(26) (27) 4 3 - Me , 5/3 

(28) 4a - Me , 5a 

Synthetic and Mechanistic Aspects of 
Heterocyclic Chemistry 

Aza-azulene Synthesis 

A new synthesis of aza-azulenes was disclosed in the 

0CON3 

(29) 

last report. The chemistry of this novel system has now been 
fully explored, several derivatives prepared by pyrolysis of sub
stituted hydrindenes, and the extension of the principle to the 
other aza-azulene isomers explored. Thus, 4-aza-azulene(29) un
dergoes rapid bromination at the 1-, 3- and 1,3-positions, the di-
bromo-derivative being a relatively stable, green crystalline pro
duct. With m-chloroperbenzoic acid the blue N-oxide is formed, 

60% 
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while with several dienophiles, complex cycloadditions occur. 
For example, with dimethyl acetylenedicarboxylate two products 
(30) and (31) are formed, the latter having been verified by X-ray 
crystallography. 

(30) 

The In te rac t ion of Azidoformates 
with 5-membered Heterocycles 

Tetrachlorothiophene i s unique amongst the systems we 
have so far studied in that i t y i e lds h i t h e r t o unknown thiophene 
S,N-ylides on heating with azidoformates or sulphonyl az ides . 
These y l ides are qui te remarkable in t h e i r r e a c t i v i t y which i s 

CI CI 

o O o •"•• 
COOR 

CI .CI 

I 
- NC00R 

o thiophene S,N-ylide 
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under active investigation at present. They are thus excellent 
photo-sources of nitrenes (unlike the parent azide), and behave as 
both dienophiles and as dienes in cycloaddition reactions. With 
electron-rich alkenes a ready reaction occurs at room 

SNHR 

R-N-S 

0" 
temperature, liberating highly reactive and novel thionitroso 
compounds, RNS. These systems may in turn be trapped by 
Diels-Alder or ene reactions. 

Ci XI 

I 

-NR 

R-COOEt, COOPh or S0 2 Ar 
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A similar style of reactivity of thiophene S,C-ylides 
has also been uncovered, allowing the synthesis of thioketones. 

NMR Spectroscopy 

The '̂ C NMR shielding constants in adamantane and a 
series of rigid bicyclo[m.n.o]alkanes [m = 2,3,4; n = 2,3, o = 
1 ,2] have been calculated with the INDO-FPT molecular orbital 
rethod at the London approximation and employing GIAO's. The 
trends observed in the experimental '̂ C chemical shift values have 
been reproduced with good overall agreement and improved upon by 
correcting the \f~ / integrals with the use of Mulliken popula
tions. The discrepancy between the observed and calculated 
chemical shifts of the C(2) carbon atoms in bicyclo[2.2.1]heptane, 
bicyclo[3.2.IJoctane, and the C(7) carbon atom in bicyclo[4.2.1]-
nonane can all be explained in terms of a changed charge 
distribution resulting from nonbonded interactions in these highly 
strained five-membered rings. This in turn affects the one-
centre paramagnetic contribution to the shielding constant. The 
problem can be circumvented by using a more rigorous method than 
Mulliken population analysis for calculating charge distributions 
within molecules. 

The 1H NMR spectra, at 500 MHz, of steroids with the 
molecular complexity of estrone are amenable to complete analysis, 
although some good fortune and the use of advanced procedures are 
required. The opportunity to measure all the ( H, H) coupling 
constants is important in quantifying the subtle changes in 
conformation which may result from chemical modifications. 
Figure 1 shows the observed and calculated Ĥ NMR spectra of 83, 
9e,14-methyl, 17p-butoxy estrone and demonstrates the degree of 
agreement that can be obtained. The (1H, H) coupling constants, 
which are obtained through this analysis indicate that the B-ring 
adopts a boat (6,9;stem,stern) conformation whereas the C-ring is 
in the usual chair conformation. 
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j 

Figure 1. Observed (top) and calculated ^H n.m.r. spectrum for 
86 ,9 6,14ct-methyl-17 3-butoxy estrone. 

In collaboration with the Division of Molecular 
Biochemistry and Dr D.H.Williams of Cambridge University, UK, the 
structure, as shown in Figure 2, of the toxin cyanoginosin-LA from 
the cyanobacterium Microcystis aeruginosa has been determined. 
The 500 Mz 1H NMR spectra at varying pH proved that the 6-methyl 
aspartyl and glutamyl residues both have a free carboxyl group and 
are iso-linked. 

The NCRL has the responsibility to render a national NMR 
service. A substantial increase in demand for the service has 
occurred during the year. Expansion and improvement of the 
national NMR service are hampered by the availability of only one 
modern NMR instrument: the Bruker WM-500 spectrometer is used to 
its full capacity. 
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Figure 2. Structure and configuration of cyanoginosin-LA. 

Mass Spectrometry 

During 1983 a fast atom gun was retrofitted to the 
VARIAN MAT-212 mass spectrometer, thus providing a fast atom 
bombardment (FAB) capability to supplement the already existing 
field desorption soft ionisation option. This will allow greater 
scope in the analysis of high molecular weight, involatile, and/or 
thermally labile compounds. 

A peptide fraction isolated from snake venom was 
believed to consist of Asp:Glu:Trp (1:3:3). Both Edman 
degradation and NMR spectroscopy failed to produce the amino acid 
sequence. Fast atom bombardment mass spectrometry (FABMS) of the 
underivatized sample showed a mixture of two homologous 
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tripeptides in the ratio 1:1 (32) and (33) rather than the 
expected hexa- or heptapeptide. 

(33) 
C0NH 2 

The primary structure of cyanoginosin-LA (34), a toxic 
principle of the blue-green alga Miavoaystis aeruginosa has been 
established. Initial uncertainty whether the toxin was a cyclic 
heptapeptide as indicated by high resolution electronimpact mass 
spectrometry (HREIMS) or a branched cyclic hexapeptide (as 
indicated by pH-dependent NMR spectroscopy in the basic region) 
was resolved by using acidic pH-depe:ident NMR spectroscopy and 
HREIMS cf permethylated and dimethylated derivatives. FABMS of 
the ring-opened toxin (34) confirmed these results. 

Several analogues of this toxin have been isolated from 
the same alga by the Molecular Biochemistry Division. They 
apparently differ only by substitution of 1,-Leu and L-Ala with 
other amino acids in the L-series. HREIMS and FABMS studies are 
under way to establish their primary structures. 

The computer programme used to assist interpretation of 
HREIMS data of cyclic peptides has been expanded to accept low 
resolution (LR) data as well. Although the LR-data will not 
usually indicate a unique solution, they will eliminate some 
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C 0 2 R 2 

H H 0 f^O 

R 

incorrect sequences and indicate those peaks whose accurate masses 
are required to find the unique structure. This approach thus 
requires the determination of fewer data points, saving both time 
and material. 

Structural Chemistry 

During the past year the demand on the two techniques, 
X-ray crystallography and molecular mechanics has increased 
substantially. These techniques are used to determine the gross 
structure of a molecule - particularly its atom connectivity and 
conformation. 

An Enraf Nonius CAD4P single crystal X-ray 
diffractometer has been obtained and the responsibilities of the 
National Data Collection Service will in future be part of the 
activities of the Structural Chemistry Group. This added 
responsibility should stimulate more fundamental crystallographic 
and related studies. 

R'*R 2*H,R 3=CH 2 

(34) CYANOGINOSIN-LA 
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The Cambridge Crystallographic Database was successfully 
adapted and implemented on the CDC CYBER computer. User manuals 
for the use of this database, as well as manuals for the use of 
the fifty-five crystallographic programs on the CDC CYBER, were 
compiled and distributed to users. 

X-Ray Diffraction Studies 

The single crystal X-ray structures of eighteen 
compounds were determined by the Structural Chemistry Group. 
Within the NCRL, nine structures were solved for the Heterocyclic 
Chemistry Group, two structures for the Mycotoxin Group, and one 
structure for the Steroid Group. On a collaborative basis 
structures were determined for the Chemistry Departments of the 
Universities of the Orange Free State, Pretoria and 
Potchefstroom. Some post-graduate students made use of the 
facilities at the NCRL to complete their structural studies. 

The structures of three novel £ris(5-acetyl-3-thienyl)-
methane-clathrates were determined. In contrast to the 
ethanol-clathrate (HS04), where the host:guest ratio is 2:1, the 
n-hexane derivative (HS13) crystallizes with a 3:1 ratio. (HS03) 
is also formed as a 2:1 chlathrate. 

HS03 HS13 
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Table 1 contains a summary of the important aspects of the 
structures that have been determined. 

Table 1 

Code Space 
Name Formula group ^ 

HSOI C 9H 7C1N0 2 PV a 0,049 
HS03 C44 H38°12 S12 PI 0,059 
HS05 C 7H 5C1N0 2 Pca21 0,037 
HS08 C 42 H38 N°16 P21/c 0,047 
HS10 C^HyC^NOjSj P21/n 0,076 
HS11 C 7H 5C1 4N0 2S Pnma 0,057 
HS13 C63 H62°9 S9 P1 0,060 
HS14 C 9H 6C10 4S p 21 0,048 
BP38 CrC 1 2H l 40 2S2 P2!/n 0,046 
BP39 C r C n H 1 3 0 4 S 4 Pbcn 0,060 
BP40 CrC 1 4H 1 60 4S 2 P1 0,050 
BP41 C30H48°3 P2 12 12 1 0,064 
BP42 C18H18°6 P2 12 12 1 0,074 
BP43 C 1 8H 2 9C1N0 7 P2 12 12 1 0,056 
MT20 C 2 0H 1 8C1N0 6 PI 0,096 
MT22 C 2 3 H 2 9 N 0 7 P2 12 12 1 0,042 
ST10 C 27 H46° P2 12 12 1 0,060 

The examination of the structures of two iH-azepine 
molecules (HS01 and HS05) showed that the variation in these 
1H-azepine structures is determined by the balance between 
conjugation of the ring nitrogen with ir-bonds, and with the 
N-substituent. The greater the ir-bond conjugation, the larger 
the red shift and reactivity towards cycloaddition or 
isomerization. 



- 150 -

HS01 HSOb 

A dimer of the bis-(dimethyl acetylene-dioarboxylate) 
adduct of 4-aza-azulene (HS08) was shown to have two six-membered 
and two seven-membered rings in different conformations. 

4 A ' 
HS08 

The structures of two 2,3,4,5-tetrachlorothienium-S-
imides showed the p-toluenesulphonyl-imide (HS 10) in a 
'scorpion'-like shape, with the thiophenium ring partly covered by 
the toluene ring. The longest S = 0 bond lies in the S-N-S-plane, 
indicating some conjugation into the thiophenium ring. In the 
ethoxycarbonyl derivative (HS11), two chemically equivalent 
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molecules form one statistically symmetrical molecule that lies on 
a crystallographic mirror plane. 

HS10 HSU 

The 2,3,4r5-tetrachlorothienium S-C-ylide (HS14) differs 
from the unsubstituted compound in the orientation of the methoxy 
groups. In the tetrachloro derivative the oxygen atom nearest to 
the thiophenium ring is ketonic, and in the unsubstituted molecule 
it is apparently etheric. 

v j y 

HS14 
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The structures of three chromium-sulphur complexes were 
determined as part of a joint project with the University of 
Pretoria. The dithiane ligand in the 7r-benzenedicarbonyl-1,3-
dithianechromium(O) (BP38) complex is in a staggered conformation 
relative to the arene carbon atoms, but the methylbenzoate 
derivative (BP40) is found to be in an eclipsed conformation. 
The ligands around the Cr-atom in the tetracarbonyl complex (BP39) 
are arranged as a distorted octahedron. 

The structural elucidation of ursolic acid (BP41) was 
completed for the Department of Pharmaceutical Chemistry of the 
University of Potchefstroom. This showed the B, C and D rings to 
be in non-chair conformations. 

BP38 BP40 

'i r 
^s^Sr 

s 
1 ) 

BP39 
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BP41 

Crystals of a photolysis product of the benzofuran 
(BP42) were analyzed for the Chemistry Department of the 
University of the Orange Free State. The asymmetric unit 
contained four crystallographically independent molecules. 

BP42 

The three-dimensional structure of a chlorinated 
pyrrolizidine alkaloid (BP43) was completed for the Chemistry 
Department of the University of Pretoria. Both carbonyl oxygen 
atoms are involved in intramolecular hydrogen bonds with the 
hydroxy groups, whereas the oxygen atom of the N-oxide forms 
intermolecular hydrogen bonds with a solvent molecule. 



- 154 -

BP43 

A crystal structure of a mycotoxin, ochratoxin A 
(MT20) showed that both hydroxy groups take part in intramolecular 
hydrogen bonding. 

MT20 
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Crystals of an isomer of fusarin C (MT22) were supplied 
by the Mycotoxin Group. The polyene side-chain is held in a 
position close to the five-membered ring by means of a strong 
intramolecular hydrogen bond. 

MT22 

The structure of a 5e-methyl-3a,10a-epoxycholestane (ST 
10) was determined for the Steroid Group. The four molecules in 
the asymmetric unit have additional space group-independent 
symmetry, and this complicated the structure elucidation 
considerably. 

ST10 
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Moleculat Mechanics 

Extensive molecular mechanical calculations were done 
for a series of 14-methyl-estrones. In all cases, the benzene 
ring was treated as a mechanical ring rather than a tr-system. 

It was found that 14 S-methyl-BajgB-estrone is far more 
stable than the 14 «-isomer. Ring B is expected to be in a 
half-chair conformation and, ring C in a chair form. The 14«-
methyl-8 a,9 a-estrone is more stable than 14a-methyl-8B,9B-
compound.In the latter, all four possible conformations lie within 
1 kcal/mol sterical energy. 

The 11-oxo-14»-methyl- 8B,9B-estrone is expected to be 
less stable than the natural 8B,9a-form, in contrast to the 14a-H 
forms, where the equilibrium is calculated to be 1,2 kcal/mol in 
favour of the latter. 

All the conformations of the 11a- and 11S -hydroxy 
derivatives of 14a-methyl-86,96-estrone are very similar in 
sterical energy, and it is not possible to predict the most stable 
conformation with certainty. 

For 3,6-dioxo-4-methylandrostanes it was found that the 
4a-methyl-5 6-, and 48-methyl-5-a-forms are highest in sterical 
energy. The 4a-methyl-5a- and 4B-methyl-5e-forms are calculated 
to be similar in energy, in good agreement with experimental data. 

The X-ray crystal structures of two pentacyclic steroids 
were determined previously, and these conformations correlated 
well with the calculated conformations of minimum energy. Both 
conformations of minimum energy for 4a ,5 e- and 4a,5cr-dihydrobenzo-
[4.5.6]cholest-4-en-5'(6'H)-one were calculated. 



\ 
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RESEARCH PROGRAMME 

The research programme (600/40128) on heterocyclic 
chemistry became well established. Research on natural products 
from plant origin is described under a new project number vis 
600/40060; this will cover collaborative research with the 
Onderstepoort Veterinary Research Institute, Medunsa, University 
of Pretoria, and Noristan. The national facility for routine 
X-ray data collection service (600/40110) to various universities 
and other research institutions is located at the National 
Chemical Research Laboratory. Many research projects benefitted 
from direct access to the 500 MHz IMR spectrometer (pro-^ct 
600/40086). Several tasks in the mycotoxin (600/40003) and 
steroid (600/40011) projects have been redefined, reflecting 
completion and redefining of projects. 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 
Project Number Tasks (Priority, year Collaboration 

and Title started) 

600/40003 

Physiologically 1. Study of toxic metabolites N.R.I.N.D. of 
active substances from Aspergillus alavatus, the S.A.M.R.C. 
fron mcro- Aspergillus niger, Asper
organisMs gillus ustus, Aspergillus 

wentii, Alternaria alterna-
Dr P.S. Steyn ta, Botrytis ainerea,Viplo-
Dr A.E. de Jesus dia rm.yd.is, Drechslera cam-
Dr C.P.Gorst-Allman panulata, Fusarium acumina
Dr R.M. Horak tum, Fusarium equiseti, Fu
Mrs C M . Maes sarium moniliforme, Peni-
Dr M.M. Potgieter aillium janthinellum, Pho-
Dr F.R. van Heerden mopsis leptostvomiformis, 
Dr R. Vleggaar Rhizopus miarosporus, Rhi-

zopus rhizopodiformis, 
Saccharamycopsis fibulige-
ra (A 1964) 

2. Synthesis 

2.1 Synthesis of austo-
cystins (A 1972) 

2.2 Synthesis of regio- and Los Alamos 
stereospecifically la National 
belled precursors for 
biosynthetic studies 
(A 1979) 

2.3 Modification of myco-
toxins by selective de-
rivatization (B 1984) 

3. Biosynthesis of secondary 
metabolites 

Laboratory 

3.1 Biosynthesis of afla- Dr T.J. 
toxin and its congeners 
(A 1974) 

3.2 Biosynthesis of oxaline 
and roquefortine (A 1977) 

3.3 Biosynthesis of cyclo-
piazonic acid (A 1974) 

3.4 Biosynthesis of astel-
toxin (A 1979) 

3.5 Biosynthesis of the peni-
trems (A 1981) 

Simpson 

http://rm.yd.is
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40003 3.6 Biosynthesis of viridica-
turatoxin (A 1981) 

3.7 Biosynthesis of bipolara-
mide (A 1982) 

3.8 Biosynthesis of fusarin C 
(A 1984) 

3.9 Biosynthesis of diplodia-
toxin (A 1984) 

3.10 Biosynthesis of phomopsin 
A (A 1979) 

4. Structure elucidation of 
metabolites 

4.1 Structure of neurotoxins 
(A 1973) 

4.2 Structure of cyclic 
peptides (1982) 

4.3 Structure of toxins from 
A. uetue (A 1981) 

4.4 Structure of toxins from 
A. wentii (A 1981) 

4.5 Structure of toxins from 
A. clavatus (A 1981) 

Prof G.W. 
Kirby 
Glasgow 

4.6 Structure of toxins from 
Phomop8ie leptostvomi-
fovmie (A 1981) 

Dr C.C.J.Cul-
venor, CSIRO, 
Australia 

4.7 Chiroptical properties of 
bisnaphthopyrones 
(A 1981) 

5. Analytical and IUPAC 
projects 

5.1 Application of HPLC to 
mycotoxin analysis 
(A 1981) 

Prof G. 
Snatzke, 
Bochum 

> 

5.2 Multimycotoxin analysis 
(A 1977) 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40011 
Synthesis and 
properties of 
pharaacologically-
active steroids 

1. 14-Methyl-19-norsteroids 

1.1 Total synthesis of 14 -
methylestranes (A 1981) 

Schering AG 

Dr J.R. Bull 
Dr M.A. Sefton 
Mr R.I. Thomson 
Miss L.M. Steer 

1.2 Stereoselective alkyla-
tion of steroidal 15-
ketones (B 1978) 

1.3 Cycloaddition pathways 
to 14-alkyl-19-norste-
roids (A 1982) 

Schering AG 

1.4 Synthesis and reactions 
of 14,15-methylene-19-
norsteroids (A 1984) 

Schering AG 

1.5 Partial synthesis and 
reactions of 14-methyl-
19-norpregnanes (A 1980) 

2. Skeletally-modified 
steroidal analogues 

2.1 Synthesis and reactions 
of 4,6-propanosteroids 
(A 1981) 

2.2 Synthesis of 5,10-stereo
isomers of 5-methyl-19-
norsteroids (B 1983) 

3. Conformational analysis 

3.1 High-field n.m.r. studies 
on conformationally-
deformed steroids (A 1983) 

3.2 Comparative studies of 
predictive and spectro
scopic methods in con
formational analysis of 
steroids (A 1985) 

Schering AG 

600/40029 

Application 
of mass spectro
metry to organic 
chemistry 

1. Elucidation of the 
structures of complex 
organic compounds 
(A 1965) 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40029 
Dr A.A. Tuinaan 

600/40037 

Application of 
chiroptical 
aethods in 
organic cheaistry 
Dr F.R.van Beerden 

600/40086 

N.m.r. spectro
scopy 

Dr P.L. Nessels 
Dr A.A. Chalmers 
Mrs R. Pachter 

2. Development of methodology 
for the primary structure 
elucidation of cyclic 
peptides (A 1983) 

Determination of the confi
guration and conformation 
of organic compounds 
(B 1966) 

i1. Physico-organic applica
tions 

1.1 Molecular orbital calcu
lations of electronic 
structures and spin-spin 
coupling constants of 
chemical compounds 
(A 1976) 

1.2 Influence of different 
molecular and experimen
tal parameters on the 
technique of selective 
population inversion 
(SPI) (A 1973) 

1.3 Study of compounds of 
biological interest 
(A 1979) 

1.4 Deuterium isotope 
effects in n.m.r. 
spectroscopy (A 1976) 

1.5 Investigation of rotatio
nal isomerism in substi-
ted ethanes (A 1965) 

1.6 The application of force 
field calculations to the 
interpretation of obser
ved n.m.r. parameters 
(A 1978) 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40086 2. Application to structural 
and stereochemical 
problems 

2.1 Determination of the 
structure of compounds 
with birdcage-like 
structures (B 1976) 

2.2 The influence of paramag
netic species on chemical 
shifts and relaxation 
rates (A 1974) 

2.3 Variable temperature 
n.m.r. spectroscopy 
(A 1979) 

2.4 Determination of the 
structure of products 
from photodimerisation 
reactions (B 1977) 

2.5 N.m.r. studies of 
secondary metabolites 
(A 1974) 

2.6 Structural studies in 
collaboration with 
various universities and 
other divisions or labo-
aratories (B 1962) 

3. Service and instrumentation 

3.1 Routine n.m.r. spectral 
service to various uni
versities, other divi
sions and laboratories 
(A 1962) 

Prof J.C. 
Martins, Univ. 
of Potchef-
stroom 

600/40060 

1. Plant toxins 
Plant products 
of potential 
medical impor
tance 

1.1 Glycosides from Cynan-
chum africanum (A 1982) 

1.2 Bufadienolides from 
Tylesodon gvandiflova 
(A 1983) 

Dr L.A.P. 
Anderson, 
Onderste-
poort 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40060 
Dr R. Vleggaar 
Dr C.P.Gorst-Allman 
Dr R.M. Horak 
Dr P.S. Steyn 
Dr F.R. van Heerden 

600/40110 

Structure and con
formational analy
sis of organic 
molecules 

Dr P.H. van Rooyen 
Dr J.L.M. Dillen 

1.3 Bufadienolides from 
Cotyledon ovbiautata 
(A 1983) 

1.4 Glycosides from Ornitho-
galum thyvsoides (A 1984) 

1.5 Glycosides from Sareo-
stemma viminale (A 1984) 

1.6 Toxins from Sesbania 
puniaea (A 1982) 

2. Investigation of allergenic 
substances from South 
African plants (B 1984) 

3. Medicinal compounds from 
plants (A 1984) 

1. X-Ray diffraction 

1.1 Novel organic structures 
(A 1983) 

1.2 Structure and function 
of steroids (A 1977) 

1.3 Molecular topology as a 
probe in structure-acti
vity relationships 
(B 1983) 

1.4 Development of crystal-
lographic techniques, 
computer programmes and 
instrumentation (B 1976) 

2. Molecular mechanics 
(A 1983) 

2.1 Comparative molecular 
topology (A 1983) 

2.2 Development of computer 
programmes (A 1984) 

Prof N. 
Grobbelaar 
University of 
Pretoria 

Prof T Heyl 
Medunsa 

Noristan 

NCRL Divisions 
and outside 
organizations 
on ad hoc 
basis 
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RESEARCH PROGRAMME 1985 DIVISION: ORGANIC CHEMISTRY 

Project Number 
and Title 

Tasks (Priority, year 
started) 

Collaboration 

600/40110 

600/40128 

Heterocyclic 
Cheaistry 
Dr O. Meth-Cohn 
Dr C. Moore 
Miss G. van Vuuren 
Mr H.C. Taljaard 
Mr P. Marais 

3. Service and instrumentation 
(A 1984) 

3.1 Routine X-ray data col
lection service to 
various universities, 
other divisions and 
laboratories 

1. The chemistry of nitrenes 
(A 1983) 

1.1 The interaction of ni
trenes with five-membered 
heterocvcles (A 1983) 

1.2 The chemistry of thioni-
troso compounds (A 1984) 

1.3 The synthesis and che
mistry of aza-azulenes 
(A 1983) 

1.4 The intramolecular che
mistry of azidoformates 
(A 1983) 

1.5 Remote functionalisation 
of steroids at unactiva-
ted sitts using azido
formates (A 1984) 

2. Vilsmeier cyclisations as 
new routes to heterocycles 
(A 1983) 
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LECTURES, SEMINARS AND CONFERENCE PROCEEDINGS BY NCRL STAFF 

1 June 1983 - 31 May 1984 

08.06.1983 J.R. Bull - Do we deserve a national journal of 
chemistry? (Outgoing Chairman's address - SACI, 
Pretoria Section). 

04.07.1983 T.V. Ashworth - Vacant coordination sites in 
phosphine complexes: A 3 1 p NMR study (Inorganic 
•83 SACI Conference, Rustenburg). 

04.07.1983 M.M. Viney - A kinetic investigation of ligand 
replacement at some square-planar iridium(I) 
complexes (Inorganic *83, SACI Conference, 
Rustenburg). 

05.07.1983 J.E. Yates - Dimeric carboxylate complexes from n3-
allylic systems of ruthenium (Inorganic '83 SACI 
Conference, Rustenburg). 

05.07.1983 E. Meintjies - Formation of n3-allylic complexes 
from hydride transfer reactions in the salts 
[RuH(C8H12)L3]PF6 (inorganic '83, SACI Conference 
Rustenburg). 

05.07.1983 H.E. Oosthuizen - [CpRuX(cod)](X = H, CI). Nuwe 
uitgangstowwe vir die bereiding van reaktiewe siklo-
pentadienielruteniumkomplekse (Inorganic '83, SACI 
Conference, Rustenburg). 

11.07.1983 P.S. Steyn - Tremorgenic mycotoxins -the structure 
of the janthitrems (Warren Conference, University of 
Natal, Pietermaritzburg). 

11.07.1983 R.M. Horak - Structure elucidation and biosynthesis 
of austalide D (Warren Conference, University of 
Natal, Pietermaritzburg). 

11.07.1983 R.I. Thomson - Stereospecific synthetic approaches 
to 14o-alkyl-19-norsteroids (Warren Conference 
University of Natal, Pietermaritzburg). 

11.07.1983 P.H. van Rooyen - X-ray structures and conformatio
nal analysis of two 4,6-propanosteroids (Warren 
Conference, University of Natal, Pietermaritzburg). 
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11.07.1983 J.L.N. Dillen - Conformational studies of perhydro-
phenalene and related compounds (Warren Conference, 
University of Natal, Pietermaritzburg). 

12.07.1983 0. Meth-Cohn - A new principle in heterocyclic 
synthesis (Warren Conference, University of Natal, 
Pietermaritzburg). 

12.07.1983 J.R. Bull - Synthesis and properties of perhydro-
benzo[4.5.6]cholest-4-enes (Warren Conference, 
University of Natal, Pietermaritzburg). 

13.07.1983 R. Vleggaar - Structure elucidation of the fusarins-
mutagens produced by Fusavium monilifovme (Warren 
Conference, University of Natal, Pietermaritzburg). 

13.07.1983 C.P. Gorst-Allman - Aspects of the structure 
elucidation of sesbanimide, a toxin produced by 
Sesbania puniaea (Warren Conference, University of 
Natal, Pietermaritzburg). 

13.07.1983 A.A. Tuinman - Hybrid conformational notation: a 
descriptive yet precise method for specifying 
conformations of 6-membered rings (Warren 
Conference, University of Natal, Pietermaritzburg). 

13.07.1983 F.R. van Heerden - Structure of some novel bufadie-
nolides isolated from Kalanchoe lanaeolata and 
Tyleoodon walliahi (Warren Conference, University of 
Natal, Pietermaritzburg). 

01.08.1983 A. Kistner - Environmental conditions in the rumen 
(Workshop on Rumen Microbiology, Onderstepoort). 

02.08.1983 A. Kistner - Medium formulation and preparation 
(Workshop on Rumen Microbiology, Onderstepoort). 

03.08.1983 A. Kistner - Use of btch and continuous culture 
techniques in the study of growth physiology 
(Workshop on Rumen Microbiology, Onderstepoort). 

03.08.1983 P. du Preez - Regulation and control of metabolism 
in the rumen (Workshop on Rumen Microbiology, 
Onderstepoort). 

04.08.1983 A. Kistner - Fibre digestion in the rumen (Workshop 
on Rumen Microbiology, Onderstepoort). 
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05.08.1983 A. Kistner - Metabolism and cultivation of protozoa 
(Workshop on Rumen Microbiology, Onderstepoort). 

10.08.1983 P.S. Steyn - Recent research on fungal tremorgens 
(University of Melbourne, Australia). 

11.08.1983 P.S. Steyn - Mycotoxin research at the NCRL (CSIRO, 
Melbourne, Australia). 

12.08.1983 P.S. Steyn - The structure of the janthitrems 
(International Mycotoxin Symposium, Sydney, 
Australia). 

12.08.1983 N.O. van Gylswyk - Microbial ecolaogy of cellulose 
and hemicellulose metabolism in gastrointestinal 
ecosystems (3rd International Congress Microbial 
Ecology, East Lansing, Michigan, USA). 

26.08.1983 0. Meth-Cohn - Heterocycles as general synthetic 
reagents (NCRL Seminar Series). 

22.08.1983 J.R. Bull - Synthesis and conformational analysis 
of skeletally-modified 14-methyl-19-norsteroids 
(Schering AG, Berlin). 

02.09.1983 L. Thilo - Pathways of intracellular membrane 
traffic during the intake of extracellular material 
by animal cells (NCRL Sminar Series). 

09.09.1983 J.R. Bull - Nomenclature and publication (SACI 
Nomenclature Symposium, Pretoria). 

09.09.1983 0. Meth-Cohn - Nomenclature of heterocyclic 
compounds (SACI Nomenclature Symposium, Pretoria) 

09.09.1983 R. Vleggaar - Organic stereochemistry (SACI 
Nomenclature Symposium, Pretoria). 

12.09.1983 P.S. Steyn - Recent research on fungal tremorgens 
(University of Hawaii at Manoa, Honolulu, Hawaii). 

16.09.1983 P.L. Wessels - NMR spectroscopy of solids (NCRL 
Seminar Series). 
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23.09.1983 R. Kfir - The production of monoclonal antibodies 
and its application (NCRL Seminar Series). 

24.09.1983 N. Potgieter - Biosynthetic studies on geldanamycin 
and pactamycin (Soxhlet Club, Pretoria). 

07.10.1983 C. Moore - Selective synthesis with organolithium 
compounds (NCRL Seminar Series). 

07.10.1983 M.O. Albers - Metal atom synthesis (NCRL Seminar 
Series). 

12.10.1983 M.A. Sefton - Biosynthesis and synthesis of some 
sulphur-bridged diketopiperazines (Soxhlet Club, 
Pretoria). 

28.10.1983 A.A. Tuinman - Applications of fast atom bombardment 
mass spectrometry (NCRL Seminar Series). 

18.11.1983 P.S. Steyn - Mycotoxin research at the NCRL (Soxhlet 
Club Symposium, Pretoria). 

18.11.1983 J.R. Bull - The 'cucurbitacin factor" in recent 
steroid research (Soxhlet Club Symposium, Pretoria). 

24.11.1983 T.N. van der Walt - Herwinning van indium-III uit 
silwer-siklotronskywe (Cyclotron Group Annual 
General Meeting, CSIR, Pretoria). 

24.11.1983 E. Singleton - Catalyst design in ruthenium 
complexes (Joint South African-Israeli Symposium on 
Surfaces and Catalysis, Jerusalem, Israel). 

30.01.1984 A.N. Victor - Selective and quantitative separation 
of cobalt from other elements by cation exchange 
chromatography in hydrochloric acid-acetone (SACI 
28th Convention, Stellenbosch). 

25.11.1983 A.I. Louw and A.M. Fourie - Biological effects of 
cardiotoxins (NCRL Seminar Series). 
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30.01.1984 C.H.S.W. Weinert and F.W.E. Strelow - Cation 
exchange behaviour of metal ions in solutions 
containing thiourea (SACI 28th Convention, Stellen-
bosch). 

31.01.1984 0. Meth-Cohn - Aryl azidoformates-molecular acrobats 
extraordinaire (28th SACI Convention, Stellenbosch). 

01.02.1984 P.S. Steyn - Structure elucidation of phomopsin A, a 
novel cyclic hexapeptide mycotoxin produced by 
Phomopsis leptostvomiformis (28th SACI Convention, 
Stellenbosch). 

01.02.1984 R. Vleggaar - Structure and biosynthesis of 
asticonol (28th SACI Convention, Stellenbosch), 

01.02.1984 C.P. Gorst-Allman - Synthetic approaches to 
analogues of aflatoxin B 1 and related mycotoxins 
(28th SACI Convention, Stellenbosch). 

01.02.1984 M.O. Albers - Catalytic aspects of some ruthenium 
carboxylate complexes (28th SACI Convention, 
Stellenbosch). 

01.02.1984 D.J.A. de Waal - Kinetics and mechanism of proton 
attack on some five-coordinate or>t^o-cyclometallated 
iridium(I) complexes in acetone: electrophilic 
displacement vs oxidative addition (28th SACI 
Convention, Stellenbosch). 

02.02.1984 J.R. Bull - Synthesis of skeletally-modified 14a-
alkyl-19-norsteroids (26th SACI Convention, 
Stellenbosch). 

03.02.1984 T.V. Ashworth - Weakly bonded chelates in the design 
of reactive ruthenium(II) complexes (28th SACI 
Convention, Stellenbosch). 

16.02.1984 P.S. Steyn - Mycotoxins in human and animal health 
(Symposium on Mycoses, Sandton). 

17.02.1984 E. Meintjies - Non-rigidity in organometallic 
complexes (NCRL Seminar Series). 
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24.02.1984 M.A. Sefton - Current highlights in organic 
chemistry (NCRL Seminar Series). 

02.03.1984 A.H. Victor - Selective separation of cobalt from 
other elements by cation exchange chromatography 
in hydrochloric acid-acetone (NCRL Seminar Series) 

04.03.1984 J.R. Bull - The evolving research role of the NCRL 
(Sentrachem R and D Conference). 

05.03.1984 J.R. Bull - Regio- and stereoselectivity in C-C 
bond formation in steroids (Rhodes University, 
Grahamstown). 

06.03.1984 J.R.Bull - Policy and activities of the NCRL 
(University of Port Elizabeth, Port Elizabeth). 

07.03.1984 J.R.Bull - Reactions in steroid chemistry 
(University of Port Elizabeth, Port Elizabeth) 

16.03.1984 F.H.H. Carlsson - Proteins are super-organic 
molecules (NCRL Seminar Series). 

23.03.1984 A.A. Chalmers - The nuclear Overhaucsr effect: 
ancient and modern (NCRL Seminar Series). 

30.03.1984 N.O. van Gylswyk - Microbial ecology of cellulose 
and hemicellulose metabolism in gastrointestinal 
ecosystems (NRCL Seminar Series). 

10 ̂ 4.1984 P. du Preez - Regulation of cellulases and hemi-
cellulases of rumen bacteria (3rd Congress S.A. 
society for Microbiology, Cape Town). 

17.04.1984 D.P. Botes - Toxins from the cyanobacterium 
Microcystis aeruginosa {S.A. Society for Micro
biology, University of Cape Town). 

27.04.1984 0. Meth-Cohn - Asides on azides (NCRL Seminar 
Series). 

01.05.1984 T.V. Ashworth - Metals in organic synthesis: some 
prospects for ruthenium (Soxhlet Club, Pretoria). 
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04.05.1984 R.M. Horak - Current highlights in organic chemistry 
(NCRL Seminar Series). 

08.05.1984 J.R. Bull - Policy and activities of the NCRL 
(University of Natal, Pietermaritzburg). 

10.05.1984 D.P. Botes - Cyanobacterial toxins: structure, 
function and health aspects (University of the 
North). 

16.05.1984 P.L. Wessels - 13C-KMR: nuwe ontwikkelings en 
toepassings (Potchefstroom University, 
Potchefstroom). 

18.05.1984 C.P. Gorst-Allman - Synthesis with silicon (NCRL 
Seminar Series). 

23.05.'984 C. Moore - The protiodeiodination of iodobenzenes 
(Soxhlet Club, Pretoria). 

25.05.1984 H.E. Oosthuizen - Transition metal complexes in 
organic synthesis - ultimate selectivity (NCRL 
Seminar Series). 

15.06.1984 R.C. Clark - Phosvitins and vitellogenins (NCRL 
Seminar Series). 
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OVERSEAS VISITORS AT NCRL 

1 June 1983 - 31 May 1984 

25.06.1983- Dr A.J. Deeming - University College, London, U.K. 
26.07.1983 

29.06.1984 Dr D.M. Bibbey - DSIR, New Zealand. 

07.07.1983 Dr K. Burgess - Cambridge University, Cambridge, 
U.K. 

11.07.1983 Dr R. van Eldik - University of Frankfurt, West 
Germany. 

01.08.1983 Prof. K. Schtnidt-Nielsen - Duke University, Durham, 
N. Carolina, U.S.A. 

02.09.1983 Dr H. Lis, Weitzman Institute of Science, Rehovot, 
Israel. 

01.11.1983- Dr R. Gallagher - Ruakura Animal Research Station, 
01.12.1983 Ruakura, New Zealand. 
06.02.1984- Prof. R. Schmutzler - Technische Universitat 
08.02.1984 Braunschweig, West Germany. 
08.02.1984 Prof. L.A. Paquette - Ohio State University, 

Columbus, Ohio, U.S.A. 

09.02.1984 Prof. A. Eisenburg - McGill University, Montreal, 
Canada. 

09.02.1984 Prof. G.H. Morrison - Cornell University, Ithaca, 
New York, U.S.A. 

15.02.1984 Dr J.R. David - Laboratoire de Biologie et Geneticjue 
Evolutives, CNRS, France. 

13.02.1984- Dr B.F.G. Johnson - Cambridge University, Cambridge, 
16.02.1984 U.K. 
19.03.1984 Prof. A.W. Norman - University of California, 

Riverside, U.S.A. 

30.04.1984 Dr L.E. Coles - Mid-Glamorgan, Public Health 
Laboratory, Cardiff, U.K. 

10.05.1984 Dr Menafra - University of the Republic, Uruguay. 
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Moore, C., Ph.D. 
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