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What’s in a name”?

Correct Answers

Cary UV-Vis spectrophotometers have a tradition of
optical, mechanical, and photometric performance; the
new Cary 1. and 3 are no exception. With excellent
linearity, stability and signal-to-noise performance, the
Cary’s double beam design with optional dual
monochromator allows you 1o have complete
confidence in your results. No other instrumentin this
class delivers the same level of performance.

Application-Specific Accessories

You can mix and match a wide range of high
performance accessories to fit any application.
Programmable peltier heating and cooling of 6 x 6 cells
and sippers for kinetics and DNA melting curves, solids
handling devices, reflectance accessories, anda
selection of samplers are available. That's just the
beginning of the experimental needs that Cary
accessories fill.

Unique Configurable Software

User programmability via a powerful Applications
Development Language (ADL) sets the Gary on the
leading edge of scientific software. Configurable to
specific applications, ADL fits the most unusual
requirements. From routine measurements to accessing
system control functions, ADL addresses any scientific
experiment with ease.

What's in aname?When the name s Cary, it'sa
spectrophotometer that's designed for your needs,
giving you experimental flexibility and absolute integrity
of analytical results. Backed by a tradilion of excetlence
and commitment to quality, the new Cary 1 and 3 series
bring to light a whole new range of analytical
possibilities.
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WILTOMN INSTRUMENTS

People you can count on

Auckland, Private Bag Northcote 9. Tel 415.3039
Lower Hult, Box 31-044. Tel 637.099
Christchurch, Box 1813, Tel 663. 663

Amember of the Salmond Smith Biolab group
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IMPORTANT TRANSTASMAN LINKS STRENGTHENED BETWEEN NZIC AND RACI
MEMORANDUM OF UNDERSTANDING

Association of Chemists in Australia and New Zealand

A.C.ANN.Z.

Aler carelul consideration the
following document was signed by
the President of the New Zealand
Institute of Chemistry Joyce Wa-
ters and David James, the Prasi-
dent of the Royal Australian Chemi-
cal Institute on 23 August 1990.

Whereas the Royal Australian
Chemical Institute and the New
Zealand Institute of Chemistry
have been formed as independent
bodies to promote the
advancement of knowledgs of
chemistry through research, teach-
ing and applications, within their
respective countries; both organi-
sations now recognise their
common Interests and objectives
could be turthered by joint coopera-
tion established on some formal
basis. The purpose of such coop-
eration would be to ensure the free,
regular exchange of professional
information and by so doing

encourage collaborative effort
amongst the chemists of both
countries.

Accordinly we agree to form the
A.CAN.Z to serve this purpose.

Membership shall be automatic to -

al chemists who are financial
members of RA.C.L or NZIC.
and all A.C.A.N.Z. members shall
enjoy the equivalent but non-voting
priveleges of each other's Insti-
tutes. The presidents of both Insti-
tutes (or their nominees) will be-
come coopted members of each
other's Councils and be invited to
attend each other's Council meet-
ings scheduled at the time of their
national Congress/Conference
meetings. The means for
disseminating information amongst
the chemists of both countries will
be a new Journal which will include
a proportionate content of Australia
and New Zealand news.

Contributions will be communi-
cated by the New Zealand editor to
the editor the new Journal to reflact
this change. It will continue to be
edited and administered by the
R.A.C.l. and will be distributed in
New Zealand by N.Z2.1.C. following
bulk detivery from Australia.

Both institutes acknowtedge and
express their intent to exploit any
new opportunities A.C.AN.Z. pro-
vides for furthering their local inter-
ests al the national leve! and repre-
senting the joint interests of the
Australasian chemical community
at the international level. For sim-
plicity of operating and mainte-
nance of institutional independ-
ence any financial matters con-
ceming A.C.A.N.Z. shall be appor-
tioned on the basis of the level of
each Institute’s respective mem-
bership. Both Institutes therefore
will retain their existing identity and

autonomy on financia! matters.

Whatever governance ol
A.C.AN.Z. may be required shall
be the joint responsibility of the
current presidents of RA.C.I. and
N.Z.I.C. Any action, if nseded, will
be executed by the president of
R.A.C.I. following appropriate con-
sultation with the president of
N.Z.1.C. It at any time either Mem-
ber body forming this agreement of
association deems it an encum-
brance to the advancement of
chemistry in their respective coun-
tries they have the unconditionat
right to withdraw from this agree-
ment whereby A.C.AN.Z. will be-
come null and void and so cease to
exist.

Signed Joyce Waters NZIC

Signed David James RACI

Chemistry in New Zealand/October 1990/101



Dr H.J. Percival was elected as
President for 1990/91 at the AGM
of the Institute in August 1990,

Harry, 47, was educated at Vic-

. toria University of Wellington gain-

ing MSc (Hons) in 1966, and a PhD
in Chemistry in 1970, both under
Professor J.F. Duncan. His PhD
research introduced him to the high
temperature chemistry of clay min-
erals and ceramic materials and he
continued in this field at the NZ
Pottery and Ceramics Research
Association (PACRA), working
thore for eighteen months. Then
followed two years of post-doctoral
research on carbonate minerals at
the Department of Industrial Chem-
istry, Universite Libre de Bruxelles,
Belgium, under Professor W.L. De
Keyser.

On his return to New Zealand
late In 1973, Harry Joined the staff of
the NZ Fertiliser Manufacturer's
Research Association. -He re-

1990/91 President of N%I_C - Dr H.J. Percival

gained his association with ceramic
materials research by becoming
Director of PACRA in 1974. In 1681
Harry joined NZ Soil Bureau, DSIR
whete his main research interests
were the equilibrium and kinetic

relationships between soil minerals
and solutions. His was appointed

Science Manager (Marketing) of
NZ Soil Bureau in early 1988 and
was responsible for consullancy
services and conlract research
within New Zealand.

Since NZ Soil Bureau became
part of the Division of Land and Soil
Sciences late in 1988 and then
DSIR Land Resources (1990)
Harry has managed several scien-
tific teams and is currently a Team
Leader {Chemical and Physical
Processes in Soils) in the Environ-
mental Processes Group.

Harry has been a member ol
NZIC since 1870 and became a
Fellow in 1981. He is a past Chair-
man {1982/83) and Cound dele-
gate {18982/4) of the Wellington
Branch, represented Council on
the Standards Association of NZ
Council trom 1979 to 1988, and is
curtent NZIC representative (since
1986) on the Member Bodies’
management Committee of RSNZ
{he was also on this committee as a
Member Bodies'representative
from 1982-1986). He was a mem-
ber {1984-89) of the National Com-
mittee of Chemistry {IUPAC). In
additional to NZIC, Hamy holds
membersip in" the Wellington
branch of RSNZ, the NZ Society of
Soil Science, and the NZ Associa-
tion ot Scientists.

LETTER FROM THE PRESIDENT

Dear Member.

| enjoyed very much participat-
ing in the Wellington Converance
with its wide range of generally very
good plenary speakers. It was an
intense three (and a fraction) days
but stimulating and satisfying. An
innovative venue for the Dinner (at
the famous Southward's Car Mu-
seum near Waikanae) and an
excellent after-dinner speech by
Neil Waters, Vice-Chancellor of
Massey University rounded off the
Conterence nicely. For tuture Con-
ferences Coundil has decided, as
the underwriter, to co-opt the Chair-
persan of the organising committee
to Council. This will allow good li-
ason and oversight of Conference
organisation and finances.

An exciting development that
occurred at the closing ceremony

for the Conference was the signing
by the then President of NZIC and
RACI (Joyce Waters and David
James) of a Memorandum of
Understanding between the two
Institutes (reproduced in full slse-
where in this issue) that forms The
Association of Chemists in Austra-
lia and- New Zealand. This
“umbreila” association will aliow the
co-ordinated development of
closer,- active relations but with
both Institutes retaining “Scver-
eignty” over their own affairs. Ajoint
NZIC/RACH Joumal {currently un-
der discussion} will in the medium
term lead to lower per capita costs
for both Institutes.

Although the Institute’s financial
statementin the Augustissue of the
NZIC Journal showed a small sur-
plus of income over expenditure a

significant portion of the income
included by the auditor was, as is
usual, subscriptions in arrears.
This actually meant an operational
loss of about $18,000 for 1989/90. 1
would therefore urge members in
an arrears situation to contact the
Executive Officer, Alan Turner, to
help redress this situation. For
1990/91 Council is attempting to
hold expenditure to affordable lev-
els but still provide the flexibility to
fund activities and initiatives for the
benefit of members and our chem-
istry profession. As part of this
approach the February 1991 Coun-
cil meeting will be a phone conter-
ence, therefore providing a signifi-
cant saving on internal travel and
accommodation costs. Council
members will still gather for the
August 1991 meeting and the Can-

terbury Conference.

As mentionedin the April issue of
this Journal Council this year
moved to strengthen links with the
Specialist Groups by appointing
me, when } was First Vice-Presi-
dent, as the representatives/liason
persan for their interests on Coun-
¢cil. Council has agreed that | will
retain this important function for this
year. The Auckland Branch, incon-
suitation with myse!f, will be prepar-
ing a review paper on the role and
operations of Specialist Groups
within the Institute, with further rec-

ommendations for improved,
mutual relations.

Regards

H.J. Perclval

President

EDITORIAL
MAJOR CHANGES AHEAD FOR “CHEMISTRY IN NEW ZEALAND”

Published in this issue of “Chem-
istry in New Zealand” and also in
the next issue of “Chemistry in
Australia” Is the Memorandum of
Understanding signed by the
Prsidents of the Royal Australian
Chemical Institute and The New
Zealand Institute of Chemistry at
the clasing ceremony of the 1980
NZIC Conference in Wellington.
This memorandum which formal-
ises the formation of The Associa-
tion of Chemists in Australia and
New Zealand A.C.A.N.Z. will result
in a continuation and strengthening
of the growing cooperation betwen
Chemists in both Ausiralia and
New Zealand.

©f immediate impact will be the
disappearance of “Chemistry In
New Zealand™ to be replaced by a

new joint venture monthly maga-
zine containing a range of news
artictes, reports and editorial com-
ment fully covering the needs of
both RAC| and NZ!IC members.
Considerable advantages are seen
in having a larger, more frequently
published joint journal but these
advantages wili not be fully realised
without a lot of preliminary ground-
work and enthusiastic support by
way of contributions from NZIC
members. The discipline of monthly
deadlines should see news and
comments appear before issues
are forgotten and also allow theuse
of the magazine for classitied ad-
vertisements. Planninghas already
commenced for the new arrange-
ments to commence probably early
in 1991,
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A perusal of “Chemistry in Aus-
tralia” shows that many of the prob-
lems and issues facing Chemists
are the same or similar in both
countries. Much can be gained
trom shared expetience and joint
approaches. As an example there
are many initiatives being taken to
reverse the cusrent misguided but
fashipnable trend for the public o
regard anything of a chemical na-
ture with suspicion. Educational
programmes to improve the image
of chemistry are needed for people
of all ages.

As New Zealanders go to the
polls nothing Is more certain than
that whatever the outcome, funding
of science based research and
development will continue to be
subject to political idealism and the

needs of short term financial sur-
vival. Never has it been more im-
perative for competent manage-
ment skills to be aquired and used
by all those who choose to use their
chemical and ather scientific train-
ing as a means of satisfying their
employers and at the same time
enjoying a rewarding professional
career. Unfortunately the subjec-
tive language of business is difficult
to combine with the objective lan-
guage of science, The only com-
mon denominator is the language
ot money; unfamiliar territory for a
researcher.
R. B. Hali
Editor



CONFERENCES & SYMPOSIA

11th AUSTRALIAN SYMPOSIUM
ON ANALYTICAL CHEMISTRY
HOBART, 8-12 JULY, 1981
HOBART, 8-12 JULY, 1991

Registration of Interest & Call for
papers

The symposium will highlight
current development, future and
current applications in Analytical
Chemistry,

Concurrent Paper and poster
sessions wil be held.

A number of workshops and an
Instrument exhibitian will also be
held.

Registration of interest to:

Eleventh Australian Symposium
on Analytical Chemistry

C/- Dine & Associates

351B Liverpool St

HOBART TAS 7000

FAX:00 61 02 341366

PH:00 61 02 341424

"PERSPECTIVES IN MARINE
NATURAL PRODUCTS"

University of Auckland, 7-Bth
February 1991

This is a two-day symposium
organised by the Department of
Chemistry, University of Auckland,
and sponsored by the Auckland
Branch and the Fats and OQils
Group of the NZIC, It aims to pro-
mote interest in marine natural
products and to show the impor-
tance of chemistry in this sphere, It
follows similar successful one-day
symposia held in Auckland in 1982
and 1987. The venus is the Conter-
ence Centre at the University.

The programme consists of thir-

teen invited lectures and a session
devoled o poster presentations,
The Convenor welcomes addi-
tional contributions for the poster
session in which all registrants are
invited to participate.
The invited lectures will be glven
by:
Professor Patricia Bergquist,
Zoology Department, University of
Auckland, “Spenge Chemotaxon-
omy: An Qverview".

Or Murray Munro, Chemistry
Department, University of Canter-
bury, “Anti-tumour and Antiviral
Compounds from New Zealand
Marine Organisms”.

Or John Blunt, Chemistry Da-
partment, University of Canterbury,
“NMR and Molecular Modelling in
Natural Product Structure Determi-
nation”.

Dr Peter Murphy, Australian In-
stitute for Marine Science,
Townsville, Australia, "Aspects of
the Chemistry of the NCI Shallow
Water Marine Organism Collec-
tion™.

Dr Robert Capon, Organic
Chemistry Department, University
of Melbourne, Australia, “Marine
Norterpene Cyclic Peroxides: A
Stereochemical Paper-chasg”.

Dr John Volkman, Department of
Cceanography, CSIRO, Hobart,
Australia, "Novel Aspects of the
Lipid Biochemistry of Marine Micro-
algae: Applications to Geochemis-

try and Taxonomy".

Dr Tad Malinsky, Department of
Chemistry, University of Calitornia,
Davis, U.5 A “identification of Anti-
fungal Marine Natural Products
through Mechanism Selective Bio-
assay”.

Dr John Coll, Department of
Chemistry, James Cook Univer-
sity, Townsville, Australia, “Reef
Chemistry:Structural and Ecologi-
cal Aspects”.

Dr Bruce Bowden, Department
of Chemistry, James Cook Univer-
sity, Townsville, Australia, "Current
Research on Marine Natural Prod-
ucts”.

Dr Mary Garson, Organic Cham-
istry Department, University of
Queensland, Brisbane, Australia
“Chemistry and Biochemistry of
Marine Animals”.

Or lan Millar, Carina Chemical
Laboratories, Wellington, “Sea-
weeds as a Source of Industrial
Raw Materialg”.

Mr Peter Bain, DSIR, Wellington,
“The Omega-3 Fatty Acid Content
of Fish Oils".

Mr John Croft, McFarlane Labo-
ratories, Auckland, “The Practicali-
ties for Marine Natural Products”.

The sccial programme includes
a seafood lunch and a happy hour
with mussels and a cheese board
on Thursday 7th. Visitars from out
of town can be accommodates at
O'Rorke Hall on request to the
Convenor.

As a consequence of generous
sponsorship, the registration fee
has been set at only $100 to en-
courage as many students as pos-
sible to attend, a nominal fee 0f $30
has been set for bona fide students.
Registration forms are available
from the Convenor, Professor
R.C.Cambie, Department of
Chemistry, University of Auckland,
Private Bag, Auckland.

AUSTRALIAN CORROSION
ASSOCIATION INC
Conference 30 - CASS 'S0
Pan Pacific Hotel, Auckland,
New Zealand

19-23 November, 1920
Invitation

The New Zeatand Branch, on
behalf of the Australasian Corro-
sion Association, invites you fo at-
tend this, the 30th Annual Confer-
ence of the Association. The Con-
ference is to be held in the Pan
Pacific Hotel, Auckland, New
Zealand from the 19th to 23rd No-
vember 1990,

1990 is the Sesquicentennial
year for New Zealand and this
Conference forms part of the cele-
brations for this avent.

Theme

The tite of the Conference
CASS '90is an acronym for Corro-
sion - Air, Sea, Soil, which forms the
theme for the Conference; a theme
which is very relevant to New Zea-
land conditions, with its long coast-
line, narrow configuration and
unique soil conditions insome parts

of the Islands.

Over 60 papers will be presented
on & wide range of corrpsion fopics
and the technical standard of these
papers is exceptionally high. To-
gether with the papers there will be
five plenary lectures from World
Authorities, the P.F. Thompson
Memorial Lecture by Dr J. Duncan,
New Zealand; the AMAC Award
Lecture; President's address, and
an outstanding forum, unique to this
Conference, on “international Cor-
rosion Centres” led by the Presi-
dents of NACE and ICorrSt, a Sen-
ior Research Scientist from the
Swedish Corrosion Centre and the
Managing Director of the Aus-
tralasian Corrosion Centre.
CONFERENCE 30 COMMITTEE
P.O. BOX 5661, WELLESLEY ST
AUCKLAND, NEW ZEALAND
PHONE (09)555-871
FAX (09)370-618

IUPAC INTERNATIONAL
SYMPOSIUM
POLYMER MATERIALS
Preparation, Characterization and
Properties
10-15 February 1991
For comprehensive information
and registration forms contact:-
Dr. G.B. Guise
POLYMER 91 Secretary
PO Box 224
Belmont, Bivtoria 321§,
AUSTRALIA
FAX+61522179 71
(in Australia 052 21 7071}
PHONE 052 47 2695
Prof. J.H. O'Donnell,
POLYMER 91 Chairman,
Dept. of Chemistry
University of Queensland
Qld, 4072 AUSTRALIA
FAX+61 7 870 4813
IN AUSTRALIA 07 870 4813)
PHONE 07 377 2140

BRANCH NEWS

vuw

Dr John Craig and Professor
John Tenlinson retire in January
after long service ta the University
and the Chemistry community;
replacements are expected to ar-
tive during next year. Professor
Neil Curtis has been kept busy as
Acting President of the Royal Soci-
ety. Dr Brian Halton will be on leave
in England and Holland during the
December-January period.
CIT

The CIT will be running a one
year full-ime NZCS course in
Chemistry from 1991. Dr Paul
Fawcett has moved from CIT to the
Pharmacy School at Otago Univer-
sity. He is the first chemist to make
this move in the wake of the deci-
sion to close the CIT pharmacy
programme.

Wellington

The Branch Chairman, Dr Robin
Ledger was in Nelson in the middle
of the year lo give his address to
members in the area; Alan cooke of
the Cawthron Institute continues to
provide the liason. After his second
year as Chairman, Robinistakinga
well earned leave for three months
in the UK. Dr Ken McKenzie and his
Committee have recovered from
the erdeal of conference organisa-
tion and are to be congratulated on
providing a stimulating, smooth-
running event that attracted about
250 registrants.
DSIA

Or Richard Furneaux (Carbohy-
drates Group) returned from a trip
to the UK in time for conference but
his colleague in the section Dr Pe-
ter Tyler arrived justin time for his
conference presentation.

RULE CHANGES

At the August Councit Meeting the following rule changes were

approved.

Life Membership

Upon election after August 1990 a Life Member shall continue to enjoy
former rights and privileges for a reduced subscription in addition to
payment to cover the cost of the “Chemistry in New Zealand.” This
subscription to the Journal shall be optional.™

the effect of this rule change is that Life Members elected after August
1990 will be asked to pay a nominal subscription in addition to paying for

the Journal.
Qugorum at General Mestings

"Alan Ordinary General Meeting thirty (30) corporate members person-
ally present shall form a querum with power to act. At any Extraordinary
General Meeting forty (40) corporate members personally present shall
form aquorum with power to act. if at an Ordinary or Extracrdinary General
Meeting a quorum be not present within halt an hour after the time
appointad for the meeting, the meeting shall lapse.”

This rule change deletes the requirement for a quorum at an Annual

General Mesting.
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THE TWO MAJOR PARTIES ANNOUNCE
THEIR SCIENCE POLICIES

THE KEY TO GROWTH
THE LABOUR PARTY POLICY ON SCIENCE

SEPTEMBER 1990

THE PRINCIPLES

The tuture of science in New Zealand is critical to the growth
and prosperity of the whole nation. Scientific development, re-
search and technology are cne of the basic building blocks of
our ecanomic growth. New Zealand is trade dependent. Our
future prosperity as a trading nation depends on our ability to
develop our human rasources, so that we can use the latest
technologies and research devslopments. We must nurture
more scientists and tachnologists and all New Zealanders must
become more sclantifically and technologically literate.

Our people resources are one of our key competitive advan-
tages in the trading world. These must be developed to a much
greater extent for New Zealand o prosper in an increasingly
competitive world market.

Whila the end goal is greater competitiveness, which means
greater applied research and development, that does not mean
the de-emphasising of pufe or basic research. Likewise the
Labour Party understands the importance of a long-term ap-
proach to scientitic research.

The Labour Party belleves that: '

* pure and basic research are the building blocks of all applied
research and the means to developing scientists and technolo-
gists :

* governmeni investment in science is a vital ingredient in the
nation’s future.

* the governmaent’s investment in science must be cost-
effective and must not pre-empt private sector investment.

* the private sector must be encouraged to spend more on
research and developmant.

* scientific cooperation is a vital ingredient in New Zealand’s
economic future.

* educationis the key to developing scientists andtechnologists
and greater scientific and technological literacy amongst all New
Zealanders.

THE ACHIEVEMENTS TO BE BUILT ON

From 1987, the Labour Party manifesto declared the direction
for science relorm. One of the most important and fundamental
achievements has been that Labour has defined public good
science in legislation. 1t is science which:is basic, physical,
blological and social science; maintains a strategic scientific
skills base, and; is pre-commercial research and is some
distance from application.

Labour has established a ministerial portfolio of, and a Cabi-
net Committee on, Research, Science and Tachnology which
will continue to report directly to Cabinet. The committee’s main
role will be to determine R,S & T policy and priorities.

The structure Labour has created is wholly new. These
reforms in research, science and technelgy reflect the high
priority science has as one of the keys to New Zealand's future
prosperity. The Labour science reforms are, and will continue to
be, based on the principles of effectiveness, efficiency and
community participation, through:the separation of research,
science and technology policy, funding, and operations; funding
of science outputs through contestability; long term strategic
planning through determining New Zealand's research, science
and technology priorities.

MoRST will be the principal policy advisorto government and,
along with the Foundation, will recomment R S & T priorities to
govarnment following widespread consultation; review science
activities; and promote the importance of research, science and
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technology throughout New Zealand.

The Foundation will purchase public good science outputs an
behalf of the government to maximise broad social and eco-
nomic retums to the community. Eventually the Foundation will
allocate 100% of the public good science output fund, and
manage the fund as a portfolio. Thinking at present suggests
that 70% of funds will ba allocated to scientitic programmes of
three years duration or more. Labour will provide stability of
funding to maintain the vital science infrastructure of the major
Crown science providers.

The Foundation and the Royal Society of New Zealand are
impontant independent sources of scientific advice and informa-
tion to Government. The Royal Soclety will continue to have
responsibility for commenting on research, science andtechnol-
ogy human resource issues.

THE LABOUR WAY FORWARD FOR SCIENCE

Since the recommendations of the Science and Technology
Advisory Commitiee were accepted, much has been achieved.
What is left, and needs to bs completed, is a second stage of
reform that reviews government research institutions and tinds
in each case, through wide consultation, the most suiable
structure for its industry or community.

It is Labour's intention to encourage greater private invest-
ment in research and developmant, and to extensively enhance
the effectiveness and sfficiency of Crown investment in re-
search, science and technology.

When industry increases its investment in R S & T that will not
result in an accompanying decrease in government investment.

Labour has set a goal of achieving an increase from the
current total investment (public and private) of 1.1% of gross
domestic product to 1.25% by 1893.

The Labour Party's goal is 10 develop a strong scientific
infrastructure and skills base through establishing CENTRES
OF RELEVANCE.

Centres of Relevance would concentrate on excellence in
basic and strategic research relevant to the nesds of industry
and the community. This will have a significant effect on the
structure of Crown science instilutions, requiring greater col-
laboration and partnership In research endeavour.

To achieve this DSIR, MAFTech, MAFFish, the Meteorologi-
cal Service, and the Forest Research Institute must have
appropriate commercial powsrs. They should be able to invest
in equity and source (a wide range of) capital. They should be
able to earn royalties on the intellectual property they own and
retain a portion of thair earnings.

Consultations with industry and interested community groups
will be comprehensive to determine the most effective structure
that suits government science, research and technology invest-
ment. In order to secure greater private sector investment
Crown operational research will be linked more closely with
industry and universities.

STIMULATING PRIVATE SECTOR INVESTMENT

Labour will stimulate private sectar investment in research,
sciance and technology through deveveloping plans with indus-
try to indentify long term trends in research needs. Joint ven-
tures between the public and private sector will be encouraged.
The Technologies Programe managed by the Foundation will
continue to be developed.

The recently passed Commodity Levies Act provides primary
industries with the ability to raise additional R&D investment



tunds. Simitar legis/ation wilibe considered for secondary indus-
tries.

The 100%tax deduction on research and development will be
maintained, and Labour will continue to provide support for R&D
to small business.

Labour will encourage the development of industry based
Research Associations as a means of promoting private sector
investment in research, science and technology.

SOCIAL SCIENCES

Labour has made great advances by placing public good
funds for social science with the Foundation, Labour will en-
hance the social science research by developing a comprehen-
sive infrastructure of funding for social science.

Under the Foundation fundamental social science funding will
be expanded and the Federation of Social Sciences will be
ancouraged to join the Royal Society.

EDUCATION - THE KEYS TO THE FUTURE

Interms of proven commitment there have besn few Govern-
ments as committed to education as Labour. There has bean a
massive increase in investment in education.

Labour believes the development of peopla resources in
research, sclence and technology is absolutely fundamental to
the success of our technolegy-based economy.

The goal is to have a more specifically and technologically
literate population and a wider skills base.

Tertiary education institutions’ role is public good research will
be anhanced by achieving closer relationships with government
research divisions. Tertiary education sector participation in the
public good science fund administered by the Foundation will
becoms a reality.

A Tertiary Research Board will be established and greater
collaboration between Universities, Polytechnics, Colleges of
Education, lwi Authorities, and proposed Centres of Relevance
witl be encouraged. As a consequence post graduate student
exchange and “sandwich courses” will be possible.

Labour will ensure that a technology syllabus tor schools is
developed. Labour will promote research, science and tachnol-
ogy in schools and tertiary institutions, especially technical
courses at Polytechnics, to increase the numbers of students
with technogical capability. Formal links between industry and
schoals will be established.

Fermal consulitative mechanisms betwsen employers and
tertiary education institutions will be promoted t¢ ensure re-
quired workforce skills are being taught,

Labour will further promote sciance and technolegy in primary
schools to davelop greater interest and recruitment in later
careers.

STRATEGIC PLANNING - THE FUTURE

Long term planning is essential for science in the future.
Planning cannot 1ake place without adequate data.

Databases, annually updated, will be established for the use
of the Government, the private sector and education sectors,
relating to science investment and people resources.

New Zealand data will be regularly furnished to OECD and
UNESCO sothat New Zealand’s performance can be compared
internationally.

International links in this respect are vital keys to New Zealand's
prosperity. Accordingly Labour will nehance New Zealand's
existing international governmantto government science agree-
ments, and ensure they caontain a strong technology component
that assists the export of New Zealand technology and import of
relevant overseas technology.

Labour will ensure collaboration between MoRST and the
Trade Development Board in establishing an overseas technol-
ogy monitoring unit,

LABOUR WILL PUBLISH CLEAR STRATEGIES ON RE-
SEARCH, SCIENCE AND TECHNOLOGY WHICH WILL BE
BASED OGN EXTENSIVE COMMUNITY-WIDE CONSULTA-
TIONS AND WILL BE UPDATED ON AN ONGOING BASIS.

NATIONALS POLICY ON SCIENCE
RESEARCH AND TECHNOLOGY

SEPTEMBER 1980
SCIENCE, RESEARCH AND TECHNOLOGY

THE CHALLENGE

It New Zealand is to remain within reach of the world’s most
advanced societies, our scientifi¢ literacy and ability to manipu-
late and adapt emerging technologies will be crucial.

National's challenge Is to ensure that new funding mecha-
nisms encourage commercially-driven research without mort-
gaging the long-term nature of much publicly-funded science.
NATIONAL’'S APPROACH

National recognises the vital role that science, research and
technology play in New Zealand's development.

fn underwriting the intellectual capital base of the research
community and the economy at large, National will ses New
Zealand's science, research and technology industry compel-
ing in the international marketplace.
KEY POINTS
A National Government will;
* Dis-gstablish DSIR and MAF Tech as corporate entities and
resiructure them as a series of free-standing research insti-
tutes.
* Direct Crown funding for the Institutes through the Founda-
tion for Research, Science and Technology with an element of
medium-term contract funding alongside contestable funds.
* Set up a separate contestable pool to be administered by the
Foundation specifically to encourage the commercialisation of
products and processes emerging from public sector research.
The funds will only be available whers a private sector partner
contributes to the project.

* Give the universities access to funding from the Foundation
for Research, Science and Technology.

* Ensure that reforms to health research do not allow a
destructive division to emerge betwean bio-medical and public
heatth research by siructuring the Health Research Council
along the lines of the 1988 Medical Research Council review.
* give priority to a comprehensive review of science education

THE POLICY
The Present Climate

Since 1984, publicly-funded research has been subjected 1o
relentless re-structuring. While a more commercialty-respon-
sive research community has emerged there have been heavy
costs. A failure to identity appropriate levels of publicly-funded
research and to spell out priorities before embarking on the
reform process has serlously damaged morale.

lronically, the thrust to commercialise government science
agencies has failed to address long-standing problems con-
fronted by these aencies in seeking equity paricipation in
commercial ventures. Meanwhile, poorly managed economic
restructuring has left the private sector pooriy placed to set
about improving its research and development capabilities.

Underlying the problems faced by both public and private
sector research is an inadequate sciantitic and technical skill
base to the ecenomy through shert cominings in the education
system.
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The Structurs and Funding of the Publlc Sector Sclence
Investment

The reform of public sector financing has seen a radical shift
from funding bricks and mortar 16 funding specific outputs. This
is a sensible change in emphasis. in the past, funding has been
driven by agencies whose capabilities and reach reflects histori-
cal accident.

There is, however, a dangerihat the new arrangements goto
the other extreme. A balance is required; there is a need to
ansure that funding provides some medium-term stability for
thosa who work in research institutions, without reinstating the
luxury of vote-funding divorced from performance.

The key 1o this is a change in the way public research
agencies ara conceived. Presently, DSIR and MAFTech are
forced to operate as corporate entities, increasingly commercial
in structure and metivation but, given their scale, ableto bid very
successiully for 'public good research’.

There are two problams with these organisations as they are
presantly structured.

Firstly, as commercial players they are in direct competition
with private sector consuftants who are unable to draw on the
research expertise that the public sector's traditional mission
has conferred on these agencies. '

Secondly, as DSIR and MAFTech are presently structured,
there is growing pressure on them to become the developers,
promoters and proprietors of technologies and processes. Yet
some key commercial disciplines are lacking.

In our view, commercialisation is best left to private sector
players whose capital is at risk and whose proximity to the
market place imposes stringent commercial realities. We do not
support the further corporatisation of public sector science.

There is an undoubted need to capitalise on the fruits of long-
term publicly-funded research. But the initiative for that should
coma from the private sector. If encouragement is needed to
overcome difficulties in transferring knowledge and technolo-
gies from research institutions to private businesses, pro-
grammes should be developed explicitly to meet that need.

Forthese reasons, we consider that naither the corporate nor
the old departmental modal is appropriate for our public sector
research agencies. We propose, instead, to adopt an atterna-
tive structure which would provide our research community with
a degree of medium-term stability but retain the benefits of
contestable funding through the Foundation for Research, Science
and Technology (FRST).

The elements of National's proposal are as follows:

* MAFTech and DSIR will be dis-established and restructured
as a series of {ree-standing research institutes. The recent
reduction in the number of operational divisions within the DSIR
provides a useful foundation for this re-focusing.

* Crown funding for the Institutes will be directed through
FRST and be available in three tlers:

1) Funds from the main contestable pool administered by
FRST. These funds will be available to secure specified public
goed sclence outputs.

2) Funds from a spaclal pool to be administered by FRST to
promote joint public/private sector research ventures. These
contestable funds will only be available where a private sector
partner brings funds to the table either to facilitate joint research
or to commercialise products or processes developed to a pre-
commercial stage in the Institutes. ’

3} Contracts of tive years duration signed with Institutes to
provide funding that is not narrowly defined in terms of outputs
but can be used flexibly within the output areas on which each
institute is focused. These contracts will give the Institutes some
independence from the politically-driven priorities laid down by
the Foundation. They will also enablethe Institutes to secure the
fong-term viability of research teams which may not always be
recognised by contestable, output-driven funding.

* While it would be approproate for the research institutes to
fund some services -jointly, management functions currently
undertaken by corporate head offices would be transferred to
the institutes.

* The Ministry for Research, Science & Technoiogy will be
responsibla for consulting with sclence providers and users in
proposing prierities to the government.

In proposing this restructuring, National will:
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i) Provide the Institutes with soms funding stability by recog-
nising their ongoing existence through the contracts and provide
a measure of insulation from politically-driven priorities.

iiy Emphasise, through the contracts, the importance of retain-
ing in the Institutes skilled researchers in fields of strategic
importance to New Zealand. The level of funding provided by
way of contract would vary from institute to institute but would
not alone be sutficient to fund existing activities.

iiiy Provide the lastitutes with a greater measure of autonomy
to enable them 1o benefit from the ownership of licences,
patents and other intellectual property rights without compro-
mising sither contract or contestable funding levels.

iv) Make explict both the non-commercial nature ol the
Crown's investment and its interest in funding technology trans-
far and commercialisation.

v} Acknowledge the private sector's primary role in commer-
cialising the fruits of research and remove unfair competition
from Crown-ownded consultancies,

vi) Locate management responsibility closer to researchers.

vii) Allow for career development within a system not totally
predicated on contestable funding.

viii) Facilitate, over time, the development of centres of
excellence.

The Universitias

Re-organising the government's research agencies as a
group of research institutes will remove many of the differences
in working environment that exist batween university staff and
government researchers at present. Useful links between DSIR,
MAFTech andthe universities already exist but thera is room for
much greater co-operation.

If this is to be maximised, the universities must be given
access to the pool of contestable tunds administered by FRST.
National will: )

*  Movs to integrate university and institute research at an
aarly date,

The current proximity of a number of research centres to
univesities means that soms joint university/institute teams will
be able to expand almost immediately. Overtime, institutes may
find it desirable to re-locate ctoser to universities where that is
appropriate. New cantres of excellence will bs able to emerge.

To make the most of a consolidated funding regime, we will:

* Encourage flexible employment arrangements that allow
scientists to move frealy betwesn teaching and non-teaching
institutions over the duration of their careers.

* Seek to increase the opportunities for doctoral and post-
doctoral research in the non-teaching institutions.

Forest Research Institute

Given the proposed move towards focussing research on a
small number of research institutes funded by contract and
contestable grants, it would be anomalous to leave the Forest
Research Institute under the umbrella of the Ministry of For-
estry. The FRIwill, accordingly, becoms a stand-alone institute
funded on the same basis as the other Research Institutes.

Medical & Health Research

National views with grave coencern the way In which the
present Govemment has,pursued the reform of medical re-
search. in particular, we are disturbed that the proposed Health
Research Council's priorities will see public health research
expanded at the expense of an already small but intemationally
recognised bio-medical research community.

We believe that the Medical Research Council has actedin an
exemplary manner in seeking to improve the quality and the
amount of public heatth research in racent years given the
slender resources available to it and that the attacks made upon
it are wholly unwarranied.

Egually, National considers the case for expanded public
heatlh research has been wall made and that a re-evaluation of
Health Depatment and Area Health Board resources and
priorities should be undeniaken to achieve the necessary expan-
slon. :

National favours an evolutionary approach and will ensure
that:

* Any increased funding for public health research is not
made at the expense of the existing investment in bio-medical
research.

* The Courncil has the scientific weight necessary to maintain



the high standards set by the Medical Rasearch Council.

Linking the Private Sector with Public Sector Institutions

For the reasons outlined earlier we do not believe that public
sector research establishmants should regard themselves as
primarily commercial entities. The private sector shouid be the
prime mover when it comes to commercialising the processes
and technologies that emerge from our long-term research
base. We acknowledge, howevaer, that it is not always easy to
link private sectorcommaercial expertise to the output of govern-
ment research institutions.

To facilitate the commercialisation of research work in the
institutes, a National Governrnent will:

* Requira FRST 1o establish a contestable pool to encourage
joint public/private sector research.

Funds trom the FRST will only be available where the private
sector partner is prepared o investfunds of its own. The aim will
be to meet part of the costs of picking up processes and/or
technologies that Government institutions have daveloped to
the pre-commercial stage.

Research Assgociations

The shift to contestable funding by FRST has seen Research
Asscciations surrender voted funds in return for access to the
Foundation's pool. National balieves this is the appropriate way
in which to fund co-operative, industry-based research.

Where industries can cammand widespread support amongst
their members, National will:

* Support research levies which are likely to ba an important
source of funding both for industrial research institutes and
collaborative proposals placed befare FRST,

Social Science Research

Resaarch by social scientists has long been the poor cousin
in New Zealand.

The amount of research specifically allocated to the Social
Science Research Fund has amounted to only $300,000 per
annum. These funds have now passed to the Foundation.

The true measure of social science research is not easily

measured since a large amount of work is commissioned by
Government Depariments and agencies like the Planning Council
on an ad hoc basis.

A National Government wiil:

* Conduct a review of the resources currently devoted to
social science research with a view to making contestable some
of the resources presently devoted to social science research in
the govarmment sector.

The Royal Society

Natonal recognises the Royal Sociaty’s role as the represen-
tative of a very broad scientitic community and we will:

* Review the role of the Society to faciliate its development
as a independent focus tor scientific assoclations in New
Zealand.Scientific & Technological Literacy - The Education
System

investment in research and development is meaningless
unless thare are sufficient skills in the community to make use
of that investment. Providing a scientifically and technically
equipped workforce is the single biggest way in which the Gov-
ernment can assist the productive sector to compete interna-
fionally and raise living standards at home.

Policies to overhaul the Government's investment in science
education and technical skiils will be the subject of a separate
policy announcement.

SUMMARY

Many problems currently faced by New Zealand research, in
the public and private sectors, can be attritubuted to an inade-
quate skilt base.

A National Government will equip school-leavers and gradu-
ates with the skills demanded by a modem, technologically-
sophisticated socisty.

Our alternative structure of public sector research agencies
will provide medium-term stability, yet retain the benefits of
contestable funding, through the Foundation for Research,
Science and Technology.

LETTER TO THE EDITOR
GREENHOUSE EFFECT

Dear Sir,

We have been hearing about the
so0 called "Greenhouse Effect” tor
some time and | would like to add
my confribuion for what it is worth.

The so called "ozone layer” was
first postulated by Heavyside about
80 years ago when it was generally
known as the “Heavyside Layer~.
As we got to know more about i,
and the effects of solar radiation on
the rarified oxygen content of the
upper atosphere, particutarly the
dominant part played by sotar flares
it becams known as the “lono-
sphere” and its behaviour became
better understood. It undergoes
well defined cycles of approxi-
mately 11years because solar flare
activity is generally greater about
every 11 years. At present it is
approaching or will reach its maxi-
mum in New Zealand this coming
summer. | have before me the fig-
ures, recorded in Wellington for last
May which reached a solar flux
maximum of 263 on the 20th., witha
monthly average of 186.8. This is
exceptionally high from my own
memory could weil be the highest
for over 40 years. Once the peakis
reached the ozone concentration
will steadily decrease for the next 4
ot 5 years and then it will increase.
| do not know whether the in-
creased ionic concentration re-
duces the ultra violet concentration

atground level: possibly the greatly
increased solar activity causes an
increase in ground lave! ultra violet.
In view of the enormous effect of
solar radiation | suggest that any
man made activity would have a
negligable effect.

When | was a boy, which is some
80 years ago all our cooking was
dene on the kitchen range, which
was lit first thing in the morning and
continued until bedtime. We had
open fires in living and bedrooms to
keap the house warmm in winter, a
copper in the wash house and a
califont to heat our bath water. At
night we used candles or oil lamps
for illumination unless we were
lucky enough to have gas laid on.
We boughtcoal and firewood by the
dray load and a fiest of ships
brought coal to the gasworks. We
travelied by trains and steam trac-
tion engines harvested the crops in
our fields. All factories of any con-
sequence had their own steam boil-
ors. Today virtually all this energy is
electric. Certainly we have re-
placed horses by motor cars, which
contribute CO_ but unfortunately
also carbon monoxide and oxides
of nitregen, which are nasty. This
makes me wonder whether our
thermal power stations and indus-
trial boilers are producing as much
CO, as we did 80 years ago. Unfor-
tunately wind and gales woriginating

over the Australian desert or the
Coral Sea sweep over New Zea-
land and blow all our valuable CO,
out over the vast wastes of the
Pacific Ocean.

There are an awful number of
sourcas of CO, apart from fires and
boilers. There are three million N.Z.
people walking around, all of whom
consume tonnes of carbonaceous
and hydrocarbon material (which
after are simply CO, and water in
solid form, plus some Nitrogen and
minsrals) and which is burntup and
the CO, returned to the atmosphere
from which it burnt up and the CO,
returned to the atmosphere from
which it originally came. Add to
these some millions of cattle, deer,
sheep, rabbits, opossums, birds,
flies, insects, grubs, worms, yeast,
bacteria etc. all of which are con-
tributing to our supply of CO, and |
venture io suggest that they are the
major source. To that we must add
geothermal CO, which, in New
Zealand is not negligable and is
new. Natural fermentation of or-
ganic matter in or on the ground is
also a major contributor.

Going back 1o my boyhood days,
| well remember the pumice desert
which covered the whole of the
central plateau of the North Island.
About this time a certain Mr. Vaile
planted some pine tree seeds near
his house on the shores of Lake

Taupo and was astounded at the
phenomenal growth rate. This led
him to experiment with a small “for-
est”. The result was the develop-
ment of our gieat exotic forest in-
dustry. This growth was not
achieved without a cofresponding
consumption of water and CO, and
it could suggest that if we want to
consume CO, quickly we should
cut down our native forests and
replant them with pine trees, When
our forefathers first settled they
could not eat kauri or rimu and they
either cut or burnt the forest as
quickly as possible and plowed the
land to grow grass or crops. A prop-
erly managed ryegrass/clover pas-
ture has an enormous carrying
capacity and it could weil produce
more carbonacecus (and nitgore-
nous) matter than pine. Our
pastures could be better consum-
ers of CO, than native forests,
While we are aboutit, consider also
grain crops, vegetable gardens, the
household lawns and gardens,
orchards and so on, without end.
Let us stop worrying about the
amount of Carbon Dioxide gas in
the air; in any case, there is nothing
we can do about it. Nature will look
after it much better than we can.
L.S. Spackman QSM FNZIC
ZL1AC
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ADHESIVES BASED ON FORMALDEHYDE
E.J. BLANCHARD - A.C. HATRICK (NZ) LTD

This paperwas presented as part of a two-day symposium on
Adhesive Technology organised by the Polymer Group of the
N.Z. Institute of Chemistry 16th and 17th May, 1990. .

INTRODUCTION

Adhesives bases on formaldehyde are manufactured as
resins and may be used either as supplied or in combination with
other materials such as fillers, extenders, hardeners or crosslink-
ers depending upon the resin and upon the application for its
use.

The adhesive resins produced fromformaldehyde fall into two
broad groups, amino resins and phencl-formaldehyde resins.
These groups can be sub-divided but from a general chemistry
view point that is unnecessary while from an application view
point it is very important.

CHEMISTRY OF FORMALDEHYDE RESINS

1. Amino Resins

Amino resins are made by reaction of formaldehyde with
suitable amines such as urea or melamine to form methylol
compounds which are subsequently condensed to give resin-
ous polymers.

THI . NKCH20H NHCH30H
pH 7-9 I (+CH20 [
C=0 + CHz0 — =0 _Z-i C=0
' - ————
' i
WHa NH3 NHCHZ0H
uraa formaldehyde monomathylol ures dimethylel urea

In practice the methylol compounds are not isolated and
neither are they formed as discrete chemical compounds. In
manufacture of unmoditied UF resins the molar ratios are varied
usually in the range 2.5/1.0 to 1.05/1.0 {F/U}.

The methylol compounds are condensed under acidic condi-
tions to give polymers. For instance a 1/1 F/U mole ratio could
give linear polymer as below.

ackd
n(NHchNHCH20H) = H(NHCONHCH 2)nOH +{n-1)H 20

MONOMETHYLOL UREA LINEAR POLYMER

Where the F/U mole ratio is higher than pendant methylol
groups can provide crosslinking resulting in an infusible three
dimensional structure.

In most cases the reaction is followed by taking viscosity
measurements and when the required value is reached the
reaction is stopped by neutralisation and cooling.

Melamine resins are made in a similar way however, the
molecular weight which can be obtained is relatively low as the
resins become unsoluble in water at lower molecular weights
than UF resins do. Replacement of all or part of the urea by
melamine improvas the properties of the cured rasin such as
water and chemical resistance, hardness and high termperature
resistance. However, melamine-formaldehyde (MF) resins are
appreciably more expansive than UF resins so that their useage
tends to be restricted to applications demanding better proper-
ties than UF resins can provide.

Phenolic resins

The reaction between phencl and formaldehyde is generai
acid/base catalysed and is highly exothermic. The first step is
the substitution reaction giving methylol phanaols.

CH OH OH

= # N CHPH
| * CHED * | or .
™ ™ T

|
CH..,OH

The reaction proceeds to resin production by condensing the
methylol groups logether with elimination of water and rear-
rangaments involving formaldehyde so thal methylene ether,
groups or methylene groups join the benzene rings.
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OH OH OH
CH,OH CH,OCH,
2 -l + BO
OH OH
@ CH, @ CH,OH

The actual reactions occurring after the formation of methylol
phenols will be dependant upon the molar ratio of phenol and
formaldehyde. With a molar ratio of 1.0/1.0(F/P) or lower, linear
polymers are formed under acid conditions. In these polymers
{known as novolaks) the bonds between the rings will be mainly
methylene groups and the products will be thermoplastic resins.

When the motar ratio (F/P) is raised above 1.0/1.0 then the
third reactive site on the benzene ring comes into the reaction.
The resins produced, called resoles, are made under alkaline
conditions. They are thermosetting polymers which are un-
stable and willincrease in molecuiar weight at roomtempaerature
and eventually gel. The alkaline catalyst (normally sodium
hydroxide) causes the resins to be water soluble at first, but the
water solubility decreases as the molecular weight increases.

Resoles are made to crosslink into infusible three dimensional
structures by the application of heat.

In use, Novolaks are caused to change from thermoplastic
systems into thermosaetting resins by introducing formaldehyde
or another reactive material (eg hexamina).

On heating, the mixture behaves similarlyto a resole giving an
infusible three dimensional structure.

USES OF FORMALDEHYDE RESINS

Particleboard, Madium Density Fibreboard {MDF) and Strand-
board

These re-constituted timber products are usually made with
unmodified urea-formaldehyde resins. This is mainly because
of cost considerations. The resin is applied 1o the wood particles
as an aqueous solution in conjunction with paraffin wax which is
used to provide some moisture resistance to the finished board.
Solid resin useage Is normally 7-10% and the wax content is
typically up to 1% of the dry wood weight.

The coated wood particles are compressed to the required
thickness in hot presses. Convantional presses are run at
temperatures between 150 C and 210 C.

Ureatormaldehyde resins are cured or crosslinked under acid
conditions which favour the condensation reaction. With in-
creased temperature the degree of acidity required for a given
cure-rate decreases. This means that some thin boards can be
manutactured without any additional acid or other hardener
present. However, in the centre of thick particleboard the
temperature rise is slower and economic pressing times can
only be achieved by including hardensrs. The hardeners most
commonly used are ammonium salts such as ammonium chlo-
ride or ammonium sulphate. These react with small quantities of
formaldehyde in the resin and produce acid which reduces the
pH to a level which will give more rapid gelation.

Idealised reaction

4NH4C1 + 6CH20 - (CH2)6N4 + 4HCI + 6HLO

2

in MDF production the pH of the fibre is usally lower than that
of the wood chip used in particleboard and so there is less
requirement for the use of hardeners.

Most of these products are made in presses which can
produce several boards at once as the conventional presses
have several openings between oil heated platens. However,
there is a new type of press now available which is capable of
injecting steam into the board thereby giving very rapid tem-



perature rise and fast press cycle. One example of this type of
press is operational in New Zealand with the world totai still
baing less than ten.

Ovaer the past 15 years or so resin manufacturers have been
continually developing their resin formulations and production
methods so as to reduce the amount of formaldehyde in the
workplace where the resin is used and also to minimise the
release of formaldehyde from the board products after manu-
facture.

One of the major routes towards thesa goals is to reduce tha
formaldehyde to urea mols ratio in the resin cook. For instance
mele ratio of 1.6/1.0 were once used but now 1.2/1 or lower are
common.

In itself, this change makes the resin more difficult to cure
quickly as the crosslink density is reduced. Therefore, the curing
raaction has to be pushed harder and the use of hardeners in
MDF production may becoms more cammon.

A further problem is Introduced by these rasin modifications.
That is that the strength of the board, and other important
physical properties can be reduced. This may mean that the
amount of resin required to provide the strength necessary for
applications such as flooring board may have to be increased.

Melamine fortified urea formaldehyde resin(MUF) can be
used in board manufacture where the use of the product
demands bettar water resistance than UF resins provide {(eg in
wet-areas such as bathrooms).

Even bettar water resistance can be obtained by using
phenolic bonding agents. Afthough this type of board is -not
made in New Zealand, overseas, spray dried phenolic powders
are usad in manufacture of waferboard which is regarded as
being exterior durable {suitable for siding in domestic houses)
and tannins (natural phenols) are used in production of water
resistant particleboard.

PLYWOQOOD

Both amino rsins and phenolic resins can be usedin manufac-
ture of plywood depending upon the intended use forthe board.

In New Zealand the majority of plywood is produced using
phenolic resins {resoles). The gluelines of properly made phe-
nolic bonded plywood are resistant to water and suitably treated
plywood can be used as a building material for cladding the
outside of buildings with confidence that the interlaminar bonds
will remain unimpaired for a period in excess of thirty years.

Piywood is made by laying the required number of veneers
into a stack with the grain of the timber of a particular veneer at
right angles to that of adjacent veneers. Each second venear is
coated both sides with glue betore lay-up. The boards are
pressc?d in mutti-opaning hot presses usually operating at 135°C-
150°C. -

If the resins were used as supplied, the pressing operation
would cause over-penstration of the binder into the timber with
relatively poor interlaminar bonding as a result. Therefore, filler
and extenders are used in glue formulation to medify the flow
characteristics of the adhesive and also 1o reduce glueing costs.

Example of a phanolic resin gluemix for piywood.

Phenolic resin 1200 parts by wt.

Water 200 ¢

Extender (wheat flour) 100 * =

Filler {8g. nut sheli fiour) 100 "

The cure-rate of plywood resins and their ability to tolerate in-
process variables are normally dependent upon the formulation
and manufacture of the resin although thera is some rcom for
medification of the properties by alterations in the glue mix. For
instance, the viscosity and wet-tack proparties can be modified
by altering the amount of wheat flour used.

Piywood for interior use can be made using UF resins and a

. similar product called Lambar is also mada in New Zealand. The
colourless nature of UF glualines is an important factor in the
market place acceptability of such a product. UF resins require
the addition of hardeners to achieve a cure-rate quick enough
for plywood production.

ADHESIVES

In the manufacture of adhesive bonded timber constructions
formatdehyde resins are widely used in industry. UF resins are
used in veneering of particleboard and other panel products.
The conditions of use are similar to those employed in plywood
manufacture. In joinery and furniture production UF rasins can

be used, normally with acidic hardeners such formic acid which
will produce satisfactory cure at room temperature.

Phenolic resins are rarely used in wood gluing because of the
necessity for hot curing. However, resins made from a more
reactive phenalic material called resorcinol can be used to
produce water resistant bonds without the necessity to provide
additional heat. .

Resorcinol formaldehyde (RF) resins are made as thermo-
plastic novolak resins and are caused to set at room tempera-
ture by mixing with paraformaldehyde.

Although water resistant bonds can be obtained with this type
of resin it is necessary to be careful to keep the glued item at
about 20°C or above while the glue cures.

RF resins are widsly used in manufacture of laminated beams
for building construction.

MF resins give bonds which are intermediate between UF and
RF in terms of rasisiance 1o water, but require hot cure.

All formaldehyde resins are able to be cured by radio fre-
quency radiation which allow very fast cure and short clamping
times. With this type of heating, the cost of water rasistant joints
can be minimised by using phenol-resorcinol-formaldehyds
systems which cure at intermediate temperatures.

PAPER LAMINATES AND IMPREGNATING

Both phenalic resins and amino resins can be used to impreg-
nate paper for a wide variety of products. Thasa include alectri-
cal circuit boards, high pressure decorative laminates, sign
over-lays, paint rollers, automotive oil and air fillers, battery cell
saparators and wall boards.

The majority of these use low viscosily phenolic resins.
However, the hard wearing decorative laminates used to pro-
vide work surfaces in kilchens are faced with papers impreg-
natad with colourless MF or MUF resins.

PAPERMAKING

In the manufacture of paper products, urea formaldehyde
resins can be used to provide wet-strength. For example,
wallpaper and garbage sacks normally contain UF resin. Wet-
strength from 0-5% to 20-30%.

The resins used are modified UF resins which are co-con-
densed with materials which impan icnic charges to the resin in
order to improve the pick-up of the resin on the wood fibre and
thareby increase the efticiency of the resin parformance.

In paper manufacture, the resin cure is initiated by the drying
conditions used on the paper machine. Howevar, the paper may
not achieve full wet-strength propenies for several days after
manufacture.

INSULATION

Heat and sound insulation are areas where phenolic resins
are used as binders for glass fibre or other inorgaic fibres. The
insulating materials can be made as blankets for use in wall and
roof insulation in buildings and also can be prefabricated into
shells for thermal insulation of pipes and tanks.

The resins used are exclusively PF types, normally supplied
as low molecular weight and high F/P mole ratio, This helps t¢
give good heat resistance by providing a heavily crosslinked
structure,

FOUNDRY RESINS

Amino resins and phenolics of both novolak and resole types
are usad in a variety of processes to make moulds for casting of
molten metals. In ail the processes the resinous materia! is used
to bind panticles of sand which have besn coated with the resin.
Amino resins, normally UF types are acid cured while the
phenolics are heat cured. The moulds arefor singfe use, that is,
each mould is used only once and will be broken prior to removal
of the metal casting after the metal has cooled.

ABRASIVES

Both UF and PF resins are used in the manufacture of
abrasive papers. In production of wood finishing papers, UF
resin with suitable fillers and a latent hardener such as ammo-
niumchloride is rollar coated onto a belt of robust backing paper.
The abrasive material is scaftered onto the belt, often with an
electostatic field being used to make the particles “stand up™.
The resin is cured by passing the belt through a heated oven.
Subsequently a second resin coat is applied. This may be the
same resin but would normally be a different mix formutation
probably containing a lubricant such as zinc stearate to prevent
clegging of the paper during use. This is cured in much the same
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COURSES

ACOL
(Analytical Chemistry by Open Learning)

The Infra-Red Spectroscopy course detailed below is ane of
three that has been developed at ATI.

Infra-red Spectroscopy:

A three day practical workshop course supplemented by a
sali-paced learning text.

Date of Course: November, Tues 20th - thurs 22nd

With this course, the students will be invited to cover the
theory detailed In the ACOL text in their own time prior to the
course.

The practical part of the course will invoive use of both
Dispersive and Fourier Transtorm Infrared Spectrometers and
practice will be gained in the following areas. procedures for
optimisation of the spectrometar; sampling techniques for lig-
uid, solid and gaseous samples; reflectance techniques for
sampling films and surface coatings etc.; interpretation of IR
spectra, applications including: petrochemical surface coat-
ings, pharmacaeutical, general organic IR.

if you would like further intormation on- this course, or to
ragister as a participant, please contact: Bruce Fraser, Faculty
of Science and Engineering, ATI, Private Bag, Auckland,

UNIVERSITY OF OTAGO
Distance Teaching Programme
Biotechnology

Biotechnology has been available by Distance Teaching
since 1988 from the University of Otago.

The Diploma in Science {Biotechnology) and the Diploma for
Graduates (Biotechnology) are offared nationally through a
teleconference network. Designed for those who wish to update
and extend their knowledge of biotechnology and perhaps
radirect their careers, the course is structured to meet the
needs of both graduates and, in the case of the Diploma of
Graduates, non-graduates who hold a good professional quali-
fication and are exparienced in some appropriate field. Tuition
in the course next year will be provided by lecturers from the
iDepanments of Microbiology, Biochemistry, Botany and Chem-
stry.

Major advantages of teleconferance leaming are its participa-
tory and interactive aspects. Students receive instant answars
to questions and teachers ars able to regulate their session as
a tutorial or as a lecture, depending upon the requirements of
the subject under discussion and the needs of the students,
Expers tfrom other centres in New Zealand or visiting from
overseas can be incorporated into a session, a useful resource
in a rapidly developing field.

The course can be taken at the students own pace, generally
two to four years, without the need for leave of absence from
work. Venues range from Whangarei in the north to invercargill
in tha south,

Enroliments for 1991 close November 1st. For a comprehen-
sive prospeclus write to; The Enrolment Officer, Distance
Teaching Unit, University Extension, University of Otago, PO
Box 56, Dunedin.

INSTITUTE PRIZE WINNERS

The following Prize Winners were announced at the Annual
General Meating.
Easterfield Award Dr V McKee

ICl Prize Dr K J D McKenzie

Shell Prize Dr | W M Brown
Dr K J D McKenzie
Cr G V White
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way as the first coat.

PF bound abrasive paper manufactura is a similar process.
However the products are intended for use as “wet and dry"
abrasives in applications such as aute refinishing. Here, the
water resistance of the phenolic resin allows waterto be used as
a lubricant without causing the loss of abrasive particles from
the paper.

Belts for industrial sanders and grinding discs also use
phenolic resins because of their excellent resistance to water
and heat and sxceptional adhesion to the abrasive materials.

SURFACE COATINGS

Modified UF and MF resins are used in manufacture of stoving
enamals in conjunction with flexible resins such as alkyds. Inthe
amino resins, mathylol groups are etherified with alcohols such
as n-butanof or methanol so that the products are solvent
compatible. MFs are all heat cured and are used in automabile
enamels and other applications requiring durable chemical re-
sistant non-staining finishes eg. household appliances, fridges,
washing machines.

UF types can be cold cured by the addition of acid catalysts
and can be used in the production of high build gloss coatings tor
wooedwork and furniture.

Phenolic resins are widely used in metal coaling systems
always in conjunction with more flexible hydrophaobic resins
such as epoxy or alkyd types. Main uses are in primers and
undercoats because of the poor colour and tendency towards
discolouration. Many PF resins used in coatings are made from
substituted phenols so that solvent compatibility is achieved.
The coatings are resistant to heat and chamical attack and
some specialised types are used in coatings for food containers
where the film must be able to withstand sterilization procedu res
as well as resist acidic cantents.

RUBBER AND ADHESIVES

Solid Resoles are used in vulcanisation of rubber, particularly
butyl rubber. The crosslinking reaction between the phenolic
resin and the rubber is relatively slow and so para-substituted
phenols are used in preparation of the resoles. This reduces the
phenolic condensation rate so as to be similar to the rate of
reaction with the rubber.

Specialised thermosetting adhesives for structural use in
metal to meta! and metal to rubber bonding are made by
combining resoles with thermoplastic polymers. Thermoplastics
used include polyvinyl acetal and nitrile-butadiene rubbers.

Also phenolic resins are used in contact adhesives made from
polychloroprene (neoprene) where the phenalic component
contributes to the tack, and resistance to temperature. The
adhesives are used in shoe manufacturing, and in the automo-
tive upholstery, fumiture and construction industries.

Other phenolic resins are used in rubber processing and in
adhesives for bonding tyre reinlorcing materials.

FRICTION MATERIALS

Phenol and cresol resins are used almost exclusively as
binders for friction materials used in brake and clutch linings in
the automotive industry. Very often the rasins are modified by
addition of reactive additives such as tung oil or fufuraldehyde
as the unmodified resins give brake linings which tend to fade in
efficloncy on heat-up.

MOULDING COMPOUNDS

Moulding compounds are made from phenolic and amino
resins in conjunction with fillers such as cellulose fibres, wood
flour and asbestos.

The phenclic resins show excellent heat resistance but are
naturafly dark in colour. Their major applications are in mould-
ings for efectrical use, as handles for appliances and in the
automotive industry.

Urea-formaldehyde moulding powders using cellulose fibre
arereadily colourable and are used in production of a wide range
of articles such as electrical switches, bottle caps, buttons,
beakers, trays and toilet seats.

Melamine-formaldehyde moulding powders are more expen-
sive and have better heat and chemical resistance than UF
powders. They are used in production of braak-resistant table-
ware.



POISED FOR ACTION: LACTOFERRIN -
THE RED MILK PROTEIN

Andrew M Brodie, Department of Chemistry and
Biochemistry, Massey University New Zealand.

Today the field of inorganic biochemistry or bicinorganic
chemistry as it is also called, is well established, with special
conferences, journals, and books devoted to it. This has not
always been the case. About thirty years ago Dwyer, from the
Australian National University, in an article titled "The Future of
Inorganic Chemistry in Biolegy”, almost apologetically asked for
the readers 'indulgence forpossible shoricomings inthe use...of
the terms and concepts of biology and possibly for the unortho-
doxy of some of the views expressed.” (1). His article concen-

trated on the incrganic aspects of the interface between inor-

ganic chemistry and biology and predicted a ‘fascinating future’
for the area. :
This future has now arrived. The functions and properties of

a wide range of metal-containing enzymes and proteins are weli

known (2-4). Metalloproteins exhibit spacial characteristics not
seen in small molecule compounds. They are of course much
larger, with relative molecular masses over 10,000 and often up
to 100,000, compared to masses of 100-1000 for typical inorganic
coordination complexes. They often have intriguing and unusual
spectroscopic properties not seen in small molecule com-
pounds., The now classic examples are found in the 'blue copper
protein’ family with their very intense bands in the visible region
of the specirum and the low values of the hyperfine coupling
constant (A,,} in their'electron paramagnetic resonance (epr)
spectra (5,6). The metal ions themselves can act as buift in
spectroscopic probes and give information about various re-
gions of the protein. The groups that bind to the metal ions (the
ligands) are offerad in rich abundance by the protein, arising
from the variety of amino acids present e.g. phenolate from
tyrosine and imidazole from histidine. In factthe geometry of the
metal binding site is to a large extent defined by the protein, the
metal ion having very iittle say in the matter, unlike in small
molecule chemistry.

I will now take the ion-binding, human milk protein - lactoferrin
- and illustrate how these ideas can be applied and developed.
Wae at Massey University became interested in lactoferrin in the
early 1970's. Dr Sylvia Rumball was in a local pharmacy shop
picking up a prescription when an article, called, 'What Grand-
mother Knew’ in the latest copy of the Health magazine, caught
her attention. it was the words “the value of human milk lies in
its power to bind iron” which particularly aroused her curiosity.
The article explained that the result was that the iron was then
no longer available to bacteria for growth. On following up the
information in this article (7), Dr Rumball discovered that it was
refering to research on the bacteriostatic effects of human milk
and the importance of an iron binding protein called lactoferrin.

Iron is the fourth most abundant element (6% in the eartt’s
crust and is by far the most abundant transition element (2,4).
it Is not surprising therefore that it has such an important
functional role in living systems. The key role of iron has been
recognised for many years. A legend dating from 1500BC talls
that Prince Iphyclus of Thesally was cured of his sexual impo-
tence by Melampus a physician and seer, Malampus removed
an iron knlfe from an oak tree into which it has been stuck,
scraped the rust off the blade into a glass of wine and admini-
stered the beverage to Iphyclus. Afterten days of this treatment
he was cured (8). In Roman times iron therapy was commanly
used for many disorders and teday iron salts are prescribed for
anaermia.

The chemistry of iron shows some characteristic features
which are important for understanding its biological function
(2,4). It has two readily accessible oxidation states, 42 and +3,
both of which are used by nature. The two oxidation states are
readily interconverted and iron (ii) is easily oxidised to iron (iii).
Sometimes, as in redox proteins, the facile interchange of
oxidation states is physiologically important. At other timesitis
prevented e.g. in iron storage protelns. Iron in the +3 state is
readily hydrolysed in aqueous solution to hydroxo or oxo spe-
cies but this can be prevented in metalloproteins if the iron is in
a hydrophobic region. :

A 70kg person contains 4 to 5 g iron - enough to make a good
sizad nail! It is widsly spread in the body. Substantial amounts
are held by the iron storage proteins ferritin and hasmosiderin
{25%) which are found in the liver, spleen and bone marrow.
Evenmore is found in the oxygen transport protein haemoglobin
{65%). Tha oxygen storage protein, myoglobin (5%), the elec-
tren transport cytochromes (0.1%) and the iron containing’
enzymes (<1%) contain smaller amounts, _ ’

An important protsin which only contains a small amount of
the total iron (0.1%,) is transferrin. It is invoived in iron transport
and is but one member ot the transterrin tamily of proteins
{(9,10). Ancther is lactoferrin, the subject of this adicle. It was
originally detected inthe 1930's as a red protain in milk (11) but
it was not until 1960 that it was independently isolated by three
groups from human and cow’s milk (12-14). While it is possible
to see a salmon pink colour develop as iron (lll) is added to fresh
human colostrum & is a |ot easier io demonstrate the formation
of a similar colour using egg whites {15). This is because of the
presence of ovotransferrin, another member of the transterrin
family, and the protein responsible for the bacteriostatic proper-
ties of agg white. This leads ma to an interesting aside. Geod
cooks have known for years that It is better to use copper bowls
for producing a good stiff egg white. It has been suggested that
the binding of copper ions to ovotransferrin, which makes up
about 12% of egg white scmehow stabilizes the foam (186).

Lactoferrin occurs in high concentration in human milk (1-2
mg/ml) and Iin even higher concentration in colostrum (7-8 ug/
mil). It also occurs in other mammalian milks but at lower
concentrations (17). It should especially be noted that the
concentration of lactoferrin in mature cows milk is much lower
(20-200 ug/ml) when compared to human milk {18).

It was the high concentration of lactoferrin in human milk that
focussed the attention of scientists inthe early 1970's onthe role
the protein could play in infant nutrition. It was also known that
there is a lower incidence of bacterial infection in infants ted on
breast milk when compared to those fed on bottled milk. Certain
strains of E.coli can assert themsslives in the intestine thus
leading to gastrointestinal infections (19). work by Bullen and
co-workers showed human milk had bacteriostatic properties
towards E.coli. These were eliminated when iron was added.
Lactoferrin, in the presence of a specific antibody, exerts a
similar effect, which is also fost on the addition of iron. it was
therefore postulated that the bacteriostatic eftect of human milk
was duse to lactoferrin and a specific antibody working together -
{20). While it is noted that the factors involved in resistance to
bacterial Infection are numerous and complex, an important
feature is the ability of the host to withold iron from invading
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bactaria. [ron is an essential element tor growth and aimost all
bacteria have a requirement for it. At physiological pH, iron is
very insoluble due to the formation of iron (I} hydroxide,
Fe{OH),, and is unavailable for microorganisms. Many bacteria
however, are able to produce iron binding molecules called
siderophores which solubilize iron (ili} ions making them avail-
able for assimilation. An example is enterobactin, which can
wrap ttself around the iron () ions, binding to them with its
phenolate oxygen atoms (Figure 1). Their high formation con-
stants, K, of about 10* and above, indicate that the iron is held
very tightly (21).

The lactoferrin in human milk is only about 5% saturated with
iron which means only amount 5% of the total iron binding sites
are occupied. The rest are free to bind further iron if it becomes
available. Lactoferrin is known to pass through an infants’s
stomach (which in breast fed infants is in the pH range 6 t0 6.5)
undigested and into the small intestine. Hers the lactoferrin can
compete for the free iron making it unavailable for the bacteria
(19).

Lactofemin also occurs in other bodily secretions such as
saliva, tears, nasal and seminal fiuids where it could have a
protective role. It is also found in leucocytes (white blood cells)
and it has bean suggested it may protect calls from free radical
damage by binding potentially-catalytic free iron (22). Evidence
for a nutritional role for lactoferrin is less clear cut (19) but it may
regulate iron absorption by binding to specific receptor sites in
the smail intestine (23). Lindoubtedly the tunction of lactoferrin
is more complex than the simple bacteriostatic role postulated
initially by Bullen and co-workers. However il is clear the
functions ascribed to it depend very much onits ability to bind or
release iron from its spectal iron binding sites. In its native state
is truly a i i

To undarstand fts mode of action we must know about its
structure at the atomic and molecular level, and in particular the
special or specificiron binding sites. The interplay bstween both

o

Figure 1 The enterobactin moiecule (iop) can wrap Hself
tightly around the iron(lil) icn (below).
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clinical and bacteriological cbservations and a knowledge of the
structure of the protein at a molecular levelis very important. As
we understand more about the structure of lactoferrin and its
metal binding properties, so will the results of [ vivo and |0 vitro
experiments make more sense. further questions will be asked
which will require further knowledge of the protein to answer
them.

There are two methods of attack. The first is to study the
protein ilsalf. However lactoferrin is a large molecule (s relative
molecular mass Is about 80,000) which ¢an make such a study
difficull. As a sacond line of attack it ¢can tharefore be useful to
study small molecules which have relavant donor groups bind-
ing to the metal. | will ilustrate both approaches, concantrating
on the specific iron binding sites.

Lactoferrin is a glycoprotein which means it has carbohydrate
residues attached to it. it contains no subunits - the 691 amino
aclds which make up the protein are joinad together in a
continuous chain like beads in a necklace. Two iron (lll) ions
bind to one molecule of protein in two spacific iron binding sites.
In conjunction with each metal ion that binds, one carbonate
anion is required (9). This is a unique feature of the transferrin
family and the iron {fll) ions will not bind specificaily unless an
anion is prasent. -

The 691 amino acids in the polypeptide chain can be divided
inio approximately two halves and it these are [ined up with each
other it will be sean that 42% of the amino acids are the same
in @ach half. Each half contains an iron site which has laed to the
suggestion that the two sited transterrins have evolved from a
single sited precursor of half the size, by gene duplication (24).

As mentioned earlier, when the iron-free protein (apo-protein)
bindsiron, it goes red and appears to become more compact. As
chemists we would like to have detailed information on the
nature of the iron binding sites and be able to answer the
questions: What are the ligands binding to the iron (11l) iens and
what is the geometry around the iran (lll) ions?

Are there any differences beiween the two specific iron
binding sites?

Where is the concomitantly bound carbonate ion located?

Other anions, apart from carbonate bindto lactoferrin - where
do they bind? What is the nature of the structural change when
the metal binds to the protein?

Are there any differences betwaean the lactoterrins of different
specias e.g. bovine and human?

Some of these questions | will be able to answer - others will
require further research.

When Dr Eric Ainscough and | started our research into
lactoferrin using spsectroscopic techniques, it was known that
lactoferrin, like the other transfermrins, bound two iron(lil) ions in
a high spin state i.e. the five valence electrons in the 3d orbitals
are alt unpaired. Proposed ligands for lactoferrin were two or
three phenolates from tyrosine residues and at least one or two
imidazoles from histidines. R will be on these proposed ligands
that 1 will first concentrate.

Those of you who have studied organic chemistry will no
doubt recall the classic colour test for phanols which involves
adding iron(lll) ions to the test solution (25). The development
of an intense purple-red colour indicates the presence of a
phenol and arises because of the formation of an Fe(lll) -
phenolate complex which absorbs visible light. Similarly lactot-
errin itself absorbs visible light. The intense absorption band has
a maximum at 465nm (Figure 2) and gives the protein its
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Figure 2 The slactronic absorption spectra of iron{lll)- and
copper(il}- lactofiavin,



characteristic red colour. The high intensity of the absorption
band (u = 2070 m" ¢! per Fe*) indicates that it is a charge
transfer absorption. Specifically it is assigned 1o a ligand to
metal transition betwean the phenolate pr orbitals and the half-
filled metal ion dr” orbitals (26).

Work on relevant smail molecule complaxes shows the wave-
length of the band to be sensitive to the number of phanclates
bound to tha iron(ill) as well as to the number and nature of the
co-ligands (27). Increasing the number of phenclate oxygens
and Imadazole nitrogens boind to the iron(il) causes the
absorption band to move to shorter wavelengths (i.e. higher
energy). For example the 2-(5-methylpyrazol-3-yliphenolate
ligand {L1) provides oxygen and nitrogen donor atormns to mimic
the phenclate and imidazole groups respectively, Forthe series
of complexes [Fe(L1)]2+,[Fe(L1),]* and [Fe(L1),] there is an
increase in the energy of the visible band (Figure 3) asthed *
orbitals are destablised by successive complexation of pheno-
late groups. The X-ray structure on crystals of the bis-ligand
complex shows it to contain the cation [Fe(L1),(MeOH),}* with
two methancl molecules completing the co-ordination sphere
{Figure 4),

There are two problems in using small molecule compaunds
to-mimic the iron binding site of lactoferrin. The first is the strong
tendency of iron(ill) to form oxo-bridged dimers with phenolate
type ligands. This istypitied inthe reaction of the 1,1"-biphyl-2,2'-
diolate ion (L2) with iron (lil). The dimeric structure of the
complex formed [Fe(L2),].> (Figure 5} is achieved with two
bridging phenolates (28).

E= 1| 1mol emi')
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Figure 3 The electronic absorption spectra of [Fe(L1)'é],
[Fe(L1),]* and [Fe(L1)}** Increasing the number of L1 ligands
attached to the Fe(lll) pushes the absorption band to shorter
wavelengths (higher energy).

Figure 4 The structure of [Fe(L1),{(MeOH),]* as determined
by X-ray crystallography.

In lactoterrin itsalf oxo-bridging is blocked by the steric con-
straints of the protein chain around the ironll) ions. The second
problem inorganic chemists have in devising small molecule
analogues for the specificiron binding site of lactoferrin is to find
complexes which exactly mimic the characteristic elsctron par-
amagnetic rescnance signal of lactoferrin. The spectroscopic
technique of electron paramagnetic rasonance (epr) requires
the compound to have unpaired electrons and thus iron(lll)
complexes, where thae metal ion is in a rhombic environment,
show a strong signal at g=4.3 and weaker resonances at higher
g values (Figure 6). The dimer [Fe(L2),],> does not show such
a spectrum (Figure 7) but when it is dissolved in donor solvents
such as pyridine and 1-methylimidazole the dimeric structure is
lost and other signals at g=4.3 (1500 gauss) appear. However

electrons
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Figure 5 The structure of the complex [Fe{L2)2]22- showing
it contains two iron{lll} ions linked by bridging oxygen atoms.
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for these and many othar rhombic iron{lil) complexes no evi-
dence is seen of the characteristic splitting of the g=4.3 signal as
observed for iron(lll}-{actcferrin (Figure 6) indicating that the
precise geometry around the iron in lactoferrin has not been
achieved in thase small molecule systems.

iron (II) - lactoferrin
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Magnetic Field (gauss)

Figure 6 The electron paramagnetic resonance (epr) spec-
trum of iren(lll)-lactoferrin.
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Figure 7 The electron paramagnetic resonance {epr) spectra
of [Fe(.2),),* in: Achloroform, B pyridine, C 1-methylimidazole.

Lactofertin, like the other transferrins, will bind a range of
metal ions in the specific metal binding sites (26). Characteristic
colours develop as the metals tind: copper(ll) and cobalt(lil)
yellow; manganese(lIl} brown and chromium(lll) grey green. In
each case, except for chromium(ll)iactoferrin the intense col-
ours are a result of the intense phenolate to metal ion charge
transfartransitions occuring in the visible region of the spectrum
(see Figure 2 for copper(ll) lactoferrin). The presence of these
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intense electronic absorptions allows the spectroscopic tech-
nique of resonance Raman speclroscopy to be used to probe
the metal binding sites. In the case of the various metal
substituted lactoferrins, the observation of spectral features at
approximately 1600,1500,1260-1290 and 1170 cm™ (Figure 8)
assignable to vibrational modas of metal-coordinated pheno-
lates indicates similar metal-tyrosinate coordination for each
(29). The resonance Raman spectral properties are also nearly
identicat to those of the other metal-transterrins, indicating the
geometrical features of the sites are closely similar.
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Figure 8 The resonance Raman spectra of cobalt{lll} - and
iron(lll) - lactoferrin.

To illustrale how additional information can be obtained by
changing the metal in the spaciic site from the naturally oc-
curingiron(ll), 1 will now discuss the spectroscopic properties of
copper(ll)-lactoferrin in more detail,

The electronic spectrum (Figure 2) is dominated by an intense
band at 438 nm which can be assigned, as indicated earlier, to
transition from phenolate Px orbitals into copper d * orbitals.
This asignment has been the subject of some debate with some
workers assigning the band to a copper to phenolate transition.
By studying the variation in the energy of the charge transfer
absorplion for an extensive serles of small molecule copper(l)-
phenolate compounds where (a) the phenolate was kept con-
stant and the co-ligands were variad and (b) the phanolate was
varied and the co-ligands were kept constant we concluded that
the ligand to metal assignment was correct (30). The electronic
spectrum of copper{ll)-lactoferrin also shows a less intense
absorption at 677 nm which is assigned to an electronic excita-
tion within the 3d orbitals (a d-d transition) (26). The position of
the band points to one, or at the most two nitrogen donor atoms
bound to the copper atom in a distorted tetragonal or rhombic
anviranment.

Copper(il) has ona unpaired alectronin its 3d, outer electronic
configuration and hence is a particularly useful apr probe. The
apr spectrum of copper(Il-lactoferrin (Figure 9) can be com-
puter simulated. The calculations point to one nitrogen donor
atom, presumably from an imadazolse, being bound to the Cu2+
ion. The lowast field hyperfine line is resolved into three (A~ 10
gauss) which is aiso consistent with the presence of one N-
donor in the coordination sphere (29).
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Figure 9 The electron paramagnetic resonance (apr) spec-
trum of copper(ll) - lactoterrin.

Eprspectra of copper{ll)-lactoferrin can also be usedto probe
the anion binding properties of the protein. For instance it is
found that only one site will accept oxalate as the synargistic
anion, whereas the other site will not, pointing to a small but real
difference between the sites (31). This is supported by epr data
on chromium(lil}-actoterin (29). The epr parameters for copper(li)-
lactoferrin with oxalate in the anion binding site are slightly
different fromthose obtained when carbonatéis present indicat-
ing that the anion is most likely bound to the metal ion.

Figure 10 The structure of the iron(Hl) - lactolertin molscule.

Helices are shown as cylinders, B-strands as arrows, iron atoms

e, carbonate ions:, disulphide bridges[ The inset shows the
relative positions of the N- and C-lobes,

To obtain a more detailed understanding of the metal binding
sites of lactoferrin and a full picture of the overall structure of the
protein it is necessary to turn to the technique of X-ray crystal-
lography. For this single crystals of a reasonable size are
required - of the order of 1 x 1 x Imm. These were obtained by
members of Dr Ted Baker's protein crystallographic group at
Massey University (32). Fromdata collected on an X-ray ditfrac-
tometer first a crude model of the protein was firt built up. This
cleary showed the molecule was folded into two globular lobes,
the N lobe (comprising the N-terminal half of the amino acid
chain} and the C lobe (the C-terminal half}. This was an exciting
time as the structuralfeatures of the protein ¢chain emerged. The

tinal breakthrough came when a spacial solventflattening tech-
nique was used which allowed the protein chain lo be seen
clearly and the iron sites identified (33).

The iron{Ill} ions fie in clefts formed by the two domains of
each lobe {Figure 10). The actual atoms binding to the iron
{Figure 11) include fwg phenolate oxygens from tyrosine resi-
dues and gne imidazole nitrogen from a histidine. Quite un-
predicted was the presence of a carboxylate oxygen from an
aspartic acid although it is not entirely surprising as iron(lll) is
well known to have a strong affinity for ligands of this type. The
tifth and sixth positions around theiron are occupied by oxygens.
from a bidentate carbonate ion. The geometry around the iron
is thus very distorted from an ideal octahedron which explains
the difficulty in mimicing the electron spin resonance spectrum,
Thus In the case of iron(ll}-lactoferrin the two sites appearto be
the same with respect to the protein ligands and the anion
binding.

Figure 11 The iron binding site of iron(lll)-lactoferrin showing
the two tyrosines, one imidazole, one aspartate and the carbon-
ate ion bound to the metal.

The structure of the protein suggests that as the iron(il)
enters a cleft and binds the domains close over it. Cenainly
physical studies indicate that the protein appears to becoms
more compact as iron binds to it. The recently determined
crystal structure of iron free lactofertin suppotts this view (34).
QOne cleft (the N-lobe) was found to be wide cpen, although
intriguingly the other (the C-lobe) was closed even though iron
was absent. Why this is found is uncertain but it could point to
an aquilibrium in solution between the open and closed forms
with the observed structure being selected by crystal packing.

Knowledge of the structure of human lactoferrin and its iron
binding site while explaining many observations does not an-
swar them all. Forinstance the circular dichroism spectra of the
iron and copper substituted lactoferrins are different in the
aromatic (tyrosine) region. Does this imply slightly different
coordination spheres for different metal ions?) When larger
lanthanide ions, eg neodymium(lll), bindto human lactoferrin do
they also have a six fold coordination or is their coordination
number increased as is typically tound for small molecule
complexas of those ions? A third tyrosine, only & A away from
the iron is a potential candidate to increase the coordination
number. Electron paramagnetic resonance (epr) studies have
shown us that citrate binds sufficiently ¢lose to the iron(lll) ions
to parturb the spactrum for bovine lactoferrin (35). Where is the
citrate binding and why are the twe proteins different in this
respect? It is known that there is a relatively higher citrate
concentration in bovine milk than In human milk (36). Whether
or not these diffarances in citrate binding are physiologically
significant is an important question because of possible commercial
production of bovine lactofermrin for infant formulae. These and
many other questions will be answered as research continues
using the techniques of spectroscopy and crystallography com-
bined with genetic engineering to provide various modified lac-
toferring with new spectroscopic and chemical propettles,
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