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The expansion of genetic engineering technology in most developing
countries has brought forth evidence of a problem with reagents supply. The

problem is not only a financial one of finding an adeguate source of foreign
currencies, but in many cases, the logistics for locally delivering deep-frozen
biological products sent from abroad are not routine. This fact can be strong
justification for local mamufacture.

The overriding factor in the '"make or buy' decision is to meet a growing
need for products in teaching laboratories for students and technical trainees.
local production lends itself well to this particular need: few products,
needed in relatively large quantity, and for vl-;ich technical specifications may
not be as exacting as for commercial research products.

Several aspects of local mamufacturing are addressed in this report. Since
Thailand has been one of the early players on the genetic enginesring scene,
Thai scientists were interviewed and the conmmication of their experience has
been very valuable in the elaboration of this study.

The production of enzymes, oligomucleotides and biologicals were surveyed.
Many products can be made in commercial quantities on a laloratory scale
because they are used in very small quantities. In the (=sze of enzymes,
genstic engineers have applied their techncliogy to their owa needs; they have
devaloped strains that ovuerproduce enzymes by the millions of units at shake
flask scale.

For enzymes and biologicals, a well-equipped laboratory for microbial
production and biochemical purification is required. Acquisition of
high-producing strains is an important step. For strains that are not
available commercially, or which are under patent protection, an intermational
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effort should be organized for the engineering of over-producing
micro-organisms and their subseqguent distribution to developing countries.
Microbial strains are much easier to transfer than their products, and they
could actually form the mucleus of a reagent cosmerce between developing
nations.

For deaxyoligomucleotides, equipment available in most organic chemistry
lahoratories is needed. Reagents are mot expensive. A kit, offered by several
sypliers, (see Appendix 1) simplifies enormously the initial acquisition
process and still gives the benefit of substantial savings in labour. A
genetic engineering group reaching high productivity stages will find a need
for many oligomucleotides and at that point the acquisition of an automated
synthesizer becames sensible. In the choice of a machine, availability of a
local maintenance serv:.ce should be of high consideration.

Production problems will be encountered mainly in the production of
enzymes. They include the lack of an easy assay, which camplicates the task of
optimizing production and purification proossses, and the exacting requirements
for final product purity. Another problem amay be a high turnover in techmical
labour, because initial efforts of this type are usually only temporarily
funded. The high mmber of products in *he line eventually creates inventory
problems. However, these difficulties can be overcame and the local production
of reagents then pemmits local expansion of genstic engineering technology,
especially by making the mass-triining of tecimical persomnel possible.




INTRODUCTION

Gemetic engineering is a relatively new discipline which has propelled
biotechnology to the forefront among technologies capable of improving the
econcmic well-being of the world. Its contemplated applications range from
health to agriculture and to envirommental control.

Among high techmnologies, gemetic engineering is umusual by the speed with
vhich it is spreading, both in dewveloped and developing countries. Its basis
in biological sciences has met a receptive andience among the healthcare
infrastructure present at least to some extent in every country. The scope of
its applications has caught the attemtion of every techmocrat. Its reliance on
renevable raw materials for large-scale production also makes it desirable.
Compared to other high technolooies, geaetic engineering requires relatively
little capital, in R&D as well as in mamufacture. Finally, its reliance on
fermentation as a major unit operation brings a familiarity justified by the
centuries of experience many countries have developed in the preparation of
fermented foods and beveragas.

As a regult, world-class research is already being conducted in a few
dsveloping countries and several international initiatives have been formed to
promote the spread of this new techmology. This report is a result of such an
initiative, supported by the Departmemt for Industrial Promotion, Consultations
and Technology of the United Natioms Industrial Cevelopment Organization
(UNIDO) .

The purpose of the work is to define the standard bioreagents swplies
recuired to perform genetic engineering laboratory research, to analyze the
financial and technical arpects of producing these bioreagents in a developing
oountry and to cutline the steps necessrry to sset wp the production facilities.
The rationale that prampted this study was the expense of the materials (in
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foreign currency) and the great difficulty of ensuring proper shipment due to
the short life of 4dry ice packages, necessary for many of the reagemts.

The specific tasks were reviewed in Vienna before the start of the study
and will be discussed in the following section of this report.

Budgetary limits have confined the study to one country but it is hoped
that the results will be useful to other nations.




I. BACKGROURND
Scope

Typically, the anmual cost of a genetic engineering researcher in developed
oountries is UB$ 100,000, out of which US$ 15,000 is for reagents and
disposable supplies. A telephons survey of laboratories and suppliers yielded
a consensus approximate distribution as follows:

- Chemicals, radiochemicals: Us$ 5,000

- Plastic-ware and disposables: Us$ 5,000

- Biochemicals (enxymes, probes): US$ 5,000

Mmong these three major groups, only the third one is of relevance within
the scope of this study for the following reasons:

a} The decision for local mamufacture of supplies of the first two groups
could not be made within the context of genmetic engineering tectmology
alone; and

b) shipping problems are not as acute for the first two groups, even in
the case of short-lived radiolabels. In any case, local production of
radiochemicals is not often an econcmic option in developing
countries.

For these reasons, the products of intersst in this report will be
limited to the third growp, including:

- mcleic acid processing ensymes (restriction endonuclesses, ligases,
polymarases, mucleases, methylases, reverse transcriptases, etc.);
- host strains, voctor plasmias and cosmids, biologically derived D

and I\ packaging systems; and
= oligoacleotides, short DMA probes and synthetic genes.

The cost of bioreagents per unit of product can be expected to be higher in
developing countries for several reascns: increased shipping distance, cuctoms
clearing costs, higher likelihood of losses ani smaller sise of individual
orders. On the other hand, it is not expected that the yearly cost per
researcher will be any higher than in developed countries as dus to higher
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budgetary constraints, better utilization of the products will be the rule and
the strategy for experimental 4esign will be to minimize the mmber of reagents
involved in a givem project, even if it results in a higher manpower
requirement.

Regarding the choice of the locale for this study, the early start of
Thailand (1981) and its national commitment to gemetic engineering and
biotecinclogy made this country a logical candidate. The fact that a growp at
Mahidol University in Bangkok had started local production and distribution of
several of the products comsidered in this study was also a helpful
consideration. The timing of the visit to Thailand coincided with a technical
seminar organized by the National Center for Gemetic Engineering and
Biotechnology, in which a paper was presented by this group, relating their
experience in making and distributing bioreagents.

Although Thailand may not be a representative case for all developing
contries, problems and opportunities encountered there may be drawn upon by
other nations in arriving at u "makc of buy" decision for bioreagents.

Methodology

The data for this study were gathered in two distinct phases: a *field
study phase, consisting of a series of interviews with various groups in
Bangkok, Thailand, and a technical phase, consisting mostly of telephone
interviews with U.8. genstic engineering laboratories, bioreagents syppliers
and technical experts.

In Thailand, the groups interviewed and their representatives are shown in
Table 1. The intsrviews were centered on the genstic engineering cosponent of
individual projects, on the requirement and availability of bioreagents and on
the "make or buy" issues concerning genetic engineering materials.

In the United Otates, mejor suppliers of bioreagents were contacted by
telephone, at the level of sales manngers. The purchasing agents of two large
genstic engineering companies were also contacted. One technical expert on




restriction endomicleases, Dr. Roxanne Walder, of Iowa University and one

technical expert on oligomucleotides, Dr. John Hacthmamn of Sigma Chemical,

8t. Iouis, Missouri, were also interviewed by telephone. Products catalogues
for bioreagents and equipment fram North Mmerican, EBurcpean and Japanese

suppliers were consulted.

Thailand Institute of
Scientific and Technological

Research, Bangkok

National Center for
Genetic Engineering
and Biotechnology, Bangkok

Mahidol University
Department of Biochemistry

King Mongkut's Institute
Dept. of Chamical Engineering

Mahidol University
Departmsat of Microbiclogy

Prof. Sakol Panyim

Prof. M.R. Jismson Svasti
Project Leader




II. NUCIEIC ACID PROCESS'™NG ENZYMES

The tools of genetic engineeriny

Enzymes capable of synthesizing, cutting, protecting, and splicing mucleic
acids truly constitute the tools of the gemetic engineer. While this report is
not intended to be a scholarly treatise on the subject, this short section will
provide a few definitions for the layman.

The genetic material of most living organisms (found in chromoscmes) is
double stranded DNA, a linear polymer of four differemt mucleotides. The order
of the sequence determines the genetic information. The two strands are
complementary, like a mould and its casting, giving DNA an inherent capability
for self-reproduction. Single stranded RNA is a working copy transcribed fram
DNA.

mstrictionmleaseswtdmblestnndedmalwaysatthe.sm
mucleotide sequence at a precise spot in the sequence, often leaving overhangs.
It is thon possible to mix DNA's from different species processed by the same
restriction endomuclease and '*splice” randomly new gemetic sequences. Ligases
are then used to covalently bind the rearranged genetic material. Reverse
transcriptases are used to synthesize DNA from RNA. Various mucleases and
polymerases are used to advantageously modify DNA pieces to achieve desired
results.

Using these various tools, it is possible to modify a bacterium or a yeast
o that it vill make a mman hormone, for example. The list of genetic

enginesring enzymes is growing with time, and it is difficult to keep track. A
price list dated Winter 1986 for New England Biolazbs, Inc., one of the most

oamprehensive suppliers, is included in Appendix 1, as a representive example.
8ince this price list was published, they have added an average of one new
product per momth. Although the product list is very long, it should be
pointed out that genetic engineering experiments can be designed using only few
products, even if additional labour is roquired. In developing countries
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establishing new genetic engineering capabilities, a handful of enzymes, such
as EcoRI, PstI, T4 ligase and a few others are sufficient at least for training

purposes. Developing countries with a headstart, such as Thziland will have
more complex requirements as time goes on, but their capabilities in
self-supply will also grow more sophisticated. As will be shown in the
econcmics section of this chapter, it is possible to mamufacture commercial
quantities of thne more commonly used enzymes using only laboratory scale
equipment, because genetic engineers have been very successful in improving the
production of the tools of their trade.

If a derision to buy rather than to mamufacture is made, a list of

suppliers can be found in Table 2.




Table 2.

Mamifacturers of

Company Products Adress
Applied Biosystems Oliogo- 850 Lincoln Centre Drive,
Inc. mxcleotides Foster City, CA 91404
DNA Synthesis USA
Bethesda Pesearch Enzymes 8717 Grovemont Circle,
Laboratories Bivlogicals Gaithersburg, MD 20877,
USA
Biosearch Oligo- 2980 Kerner Blvd.,
mcleotides San Rafael, CA 94901
DNA Synthesis USA
Mannheim Enzymes P.O. Bax 50816
Biochemicals Biologicals Indianapolis, IN 46250
U8A
Boehringer Mannheim " Sandhofferstrasse 116
GmbH " 6800 Mannheim 31
FIR
New England Enzymes 32, Tozer Road,
Biolabs Nucleotides Beverly, MA 01915-9990
Inc. Biologicals UsA
Biotech Enzymas 2800 8. Fish Hatchery Rd.,
(Allied Bignal) Biologicals Madison, WI 53711
USA
S8igma Chemical Enzymes P.O. Box 14508
Cenpany Nucleotides 8t. louis, MO 63178
Biologicals UBA
Takara Co. Ltd. Enzynes shimogyo-ku, Nissel sijo,
Kyoto,
JAPAN
Vega Oligo~ P.0. Box 11648
Biotechnologies micleotides Tucson AZ 85734-1648
Inc. IMA Synthesis UsA
Yamasa Biochemicals Mucleotides 10~ Araci-cho 2 chame,
Enzymes Choshi, Chiba~ken 288




Rationale for local productiom

In the process of interviewing various groups in Bangkok, the premises for
this study were tested not only to validate initial perceptions, but also to
uncover additiomal aspects, positive or negative, potentially affecting a "make
or buy'" decision for bioreagemts used in genetic technology.

Cost

Through direct interviews and telephone calls with local importers, the
total import volume for gemetic engineering enzymes into Thailand during 1985
was estimated to be US$ 20,000. This volume met the need of three research
groups. One of the groups (Mahidol) acoounted for 50 per cent of this amount,
and the other groups were estimated to account for 25 per cent each. While
this is a significant sum in terms of overall research budgets, demand for
these enzymes will have to increase significantly to justify local mamufacture
on cost alone. A large increase in demand can be projected. As an illustration
of this growth, genetic enjineering matsrials made at Mahidol have already been
supplied to 21 scientists from eight universities and two research institutions
during 1986. At the same time, availability of new suppliers will tend to
lower the unit price due to competitive pressure. Consideration of a regional
(multi-national), rather than national supply might make the concept of local
production more feasible from an economic point of view.

Foreign currency avajlabjlity
At least presently in Thailand, foreign currency availability does not seem

to be a major problem in obtaining restriction endomicleases and other enzymes.
Several of the projects are supported by foreign or international agencies'

grants. Only for those locally originated projects does foreign currency seem
to bs a hindrance. As local needs are projected to increase in the future, the

probler of currency may beccme significant.
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Shipping difficulties

This is a very real problem for developing coumtries. According to the
groups interviewed for this study, the problem has been solved in Thailand by
placing an "tinsider" in the customs office to speed up the processing and make
sure that frozem products are quickly transferred to adequate freezers. Other
favourable factors in Bangkok include ths proximity of a well-served airport
and the availability of an excellent telecocmmmications network which pemmits
the tracking of purchase orders. As a result, regular orders are filled in
about three weeks, and rush orders in as little as one week. This situation is
not typical of all developing countries. A real possibility could be that as
the market develops in these nations, suppliers will attempt to develop more
stable products, for example in lyophilized form. However for the present,
shipping delays for deep-frozen reagents are a real incentive for local
manufacture in most developing countries. Except for a few enzymes, such as
Nuclease 87, NMuclease P1, or DNase I, most enzymes are available only in frozen
solutions and are very unstable once thawed.

Teaching and training needs

The largest requirement for bioreagemts will probably be for teaching and
training students in genetic engineering techniques and to supply workshops
designed for contimiing education or retraining of techmnical persocnnel.
University laboratories will need re'iiiction endonmicleases and other enzymes
in sizeable quantities several times every year. Experiments for students can
be designed around few products, but the usually large mmber of students in
each class can run Wp the cost of materials, especially if these are imported
and paid for in hard currencies. At the same time, problems associated with
stringent quality control of prodicts are aot necessarily of major importance
in a teaching enviromment (see next section on production). it least,
initially, the supply of materials for teaching laboratories may be the
strongest justification for local mamufacturing.




Other motivations

Genstic engineering has elicited mxch enthusiasm in many countries and a
strong motivation for local biochemical engineers to support home production of
bioreagents is a gemuine desire to be involved in that exciting technology.
The choice of restriction enzymes as an initial product target is an excellent
one since they are low volume and high value products, requiring little capital
investment, often feasible with existing equipment.

The training aspect (i.e. acquiring new skills for biotechmicians) is of
limited value due to the repetitive nature of the work, at least for the
principals involved.

Overall, the *make or buy" decision for gemetic enginsering enzymes is the
result of a miltitude of factors. local mamufacture of some of the enzymes is
a sound practice for many developing countries, especially if shipping delays
are expected. One of the major benefits of local production will be a low cost

supply for wniversity laboratories and workshops.

Production

In this section, the project for production of genetic materials at Mahidol
University will be described. Among several types of bioreagemts, a selected
mmber of enzymes has been or will be produced, including three restriction
endomucleases (EcoRl, Pstl, and Bamil), and one DNA ligase (T4 ligase).
Production equipment involves only shake flasks and shaking incubators.
Purification equipment consists mainly of centrifuges and chramatography

columns.

Status

Production goals and status (June 1986) are summarized in Tadle 3.




(umits) (mits) (units)

EcoRl 400,000 274,000 66,900
bstl 120,000 s,500 -
Bamil 120,000 - -
T4 ligase 15,000 - -

Problems

Ons of the major problems emcountered in the production of restriction
endomucleases is the lack of a fast and reliable assay. Unlike most other

enzymes for which spectrophonmetric assays can be developed through the use of
chromogenic substrates, restriction enzymes require time consuming and
fastidious procedures. As a result, production problems can be difficult to
track, and yield optimization is a painfully slow process.

Purification can also be a difficult problem, because other mucleic acid
processing ensymss cammot be present without making the preparation useless.
Contaminant proteases can also contribute to increased instability. The lack
of an easy ascay also contributes to difficulties in dsveloping and optimizing
purification processes.

Another difficulty encountered at Mahidol University has been a high labour
turnover smong techmicians. This problem seams Gue in part to the ahort tam
funding of the project, comtributing to job insecurity. After training, which
takes about six months, technicians are tempted to seek more stable employment,
espacially with the government, which is viewsd as a stable employer. A remedy
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would be a long term crmmitment to this type of project. Another comtributing
cause may be the tight budget which limits the competitiveness of salaries for
technicians.

The present and future (at least in the short term) market for bioreagents
is not considered sufficiently large by the project principals to justify the
creation of a new enterpriss, even on a regional basis.

A long term problem for local production is the multiplicity of products
involved, many of which are only rarely needad. Cut of zbout 500 known mucleic
ac.d processing enzymes, only 120, of different specificities, are commercially
available and only a dozen or no are used frequently. It would be very costly
to maintain inventories for a complete product line with only a local market to
satisty.

Finally, a problem common to all new endeavours is the long time needed to
qain sufficient confidence in the products, for the mamufacturers as well as
the users. This is not a problem presently in Thailand, since the products
made available so far have been distributed free of charge. It could be a
problem if the group considered selling their products. Meamwhile, initial
batches of products can be (and have been) used advantageously for teaching or
training purposes.

Econamics

In this section, the production economics of one restriction endomclease,
Pst I, will be examined. About a dozen or so genetic engineering enzymes have
bean cloned and over-expressoed, and are therefore easy to manufacture in large
quantities using laboratory equipment. They include enzymes used often in rDaA
manipulations, such as Bco RI, Hae III, Hind III, Pst I, Taq I, T4 ligase and
T4 polymicleotide kinase. Pst I is a good choice as a first candidate for two
major reasons: it cuts the plasmid pBR322 only once, within the beta-lactamase
gene, often marking an insertion, and cOMA molecules are frequently inserted in
the Pt I site of a vector by G-C tailing because the procedure regenerates the
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Pst I site on both sides of the insert, making recovery easy. The major source
of informaticn for this evaluation is the Ph.D. dissertation of

Dr. Roxarne Y. Walder (available from niversity Microfilms, Amn Arbor,
Michigan), presently in the Department of Biochemistry at the Univeruity of
Iowa, Towa City, Iowa. The strain of Providencia stuartii considered here is
genetically enginesred for overproduction of Pst I and is commercially
available from Dr. Toseph Walder, Department of Biochemistry, University of
Iowa, Towa City, Iowa. The price of the strain will reflect the contemplated
use, i.e. it will be higher for commercial resale of the enzyme than for
in-house use. The highest price, for world-wide exploitation, is US$ 10,000.
The process deecribed here has not been tested at the scale contemplated. It
was darived speculatively from a process described by Dr. Roxanne Walder for a
batch size much too large to be of interest to a laboratory in a developing
comtry (i.e. 7.5 million units per batch). However, it should be noted that
even such large batches were made in laboratory-scale equipment by Dr. R.
Walder. Assumptions for the process are listed in Table 4 and materials and
methods ars listed below.

Producing strain

P. stuartii pPst 304, derived from P. stuartii 164 by transformation with a
plasmid made of pBR322 and two copies of the Pst I restriction-modification
system (R. Walder, 1984).

Strain storage
Glycsrol stabs: 2 ml of an overnight culture in LB broth from one single
colomy with 2 ml of sterile glycerol stored at -20°C.

strain maintenance
Iuria Broth (LB) agar plates grown at 37°C and kept at 4°C.
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Table 4. Assumptions for the production of Pst I
Quantity per batch: 1,000,000 units
Weight: 0.3 mgy
Overall purification yield: 20 per cent
Gress production: 1.5 gy
Cell activity: 150 u/mg paste
Quantity of cells required: 33 grams cell paste
Broth cell concentration: 10 g/1 cell paste
Net broth required: 3.31
Assays, evaporation losses: 20 per cent
Total broth required for production: 41
Shake flask size: 2.01
Shake flask content: 400 ml
Number of shake flasks required: 10
Inoculum ratio: 5 per cent

Inoculum preparation

The same medium (IBA) is used for inoculum and production: sterile
ampicillin (200 mg/1) is added to sterilized and cooled LB broth. A 250 ml
shake flash containing 30 ml of LBA is inoculated from an LB agar plate and
incubated overnight at 37°C in a shaking incubator. Three 500 ml shake
flasks containing 100 ml of LBA are inoculated with S ml each from the previous
flask and incubated overnight at 37°C in a shaking incubator. Two of the
sheke flasks are selected foilowirg microbiological examination for morphology
and gross contamination.

Enzyme_production
Fiftesn one-litre shake flasks containing 200 ml LEA each are inoculated
with 10 ml of inoculum from the previous operation. The shake flasks are
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incubated at 37°C in a shaking incubator overnight or to an GDgg, Of

0.7-0.8 (late exponential phase). The cells are harvested by centrifugation at
2300 x g for 10 minutes. The pellets zre collected and frozen and stored at
-20°C. If desired, production can be done at a smaller scale, and cells can

be accumlated at this stage from several smaller batches to about 25 grams of
cell paste.

Pst I assay

One unit of Pst I is the amount required to produce a complete digest (28
cuts) of one microgram of lmsbda PMA in sixty mirmates in a total reaction
volume of 0.05 ml at 37°C in 10 =M Tris-AC1 (pH 7.5), 100 mM NaCl, 10 mM
MgCl,, 100 ug/ml Bovine Serm Allumin (BSA). Concentrated preparations are
first ailuted tc about 1,000 u/ml using storage buffer (see below).

Purification

Purification steps ars suma\rized in Table 5, showing the expected yield
and purification factor for each step. Detailed steps, materials and equipment
are shown in Appendix 2, as outlined in Dr. R. Walder's dissertation and can be
appropriately scaled down by a factor of 7.5. After final assays, the product
should be diluted to about 25,000 u/ml in storage buffer: 10 mM Tris-AC1
(ph 7.4), 1 mM Gitkiothreitol, 0.1 mM EDTA, 200 =M NaCl, 50 per cent w/v
glycerol and 0.15 per cent Triton X-100, and stored at -20°C, in reasonable
aliquots for future use or distribution, for example 1,000 to 10,000 units per
vial.

oot
Estimates of the cost per unit of Pst I are difficult to assess in a

meaningful way. Firstly, it is unlikely that one laboratory or even one whole
devel ping coumtry could utilize one million units in the expected cne year of
stable storage and the cort should be allocated on the actual units uoed.
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Secondly, smal)l quantities of reagents are required, many on-hand in most
laboratories. However, if new reagents must be puirchased especially for this

preparation, it may bes unfair to allocate their total cost to Pst I, while a
large portion may be availsble for future use. The same holds true for labour.
%hile the total time for this work is estimated to be one month, many

. time-consuming steps, such as dialysis, would require only little attention and
labour. Suffice it t~ say that the purchase of 1,000,000 units of Pst I would
ba expected to cost about US$ 8,006 and depending on the particulars of a
laboratory, could be made in-house for one temth to one half of this amount.

If a laboratory would choose to buy rather thon to make enzymes, same suppliers

are listed in Table 2.

Table S. Purification of Pst I restriction endonuclease

Fraction  Step Total activity Specific activity
10% units T 108 uwmg

(] Cell paste 4.9 0.00015

I Supernatant 4.3 0.0003

IX Anmonium Sulfate 3.6 0.007

III Phosphocellulose 2.5 0.2

Iv DEAE Callulose 1.9 0.6

v Sephadex G~200 1.5 0.7

Vi Heparin Zgarose 1.0 2.0




Synthetic cligomucleotides and genes

These constitute another family of products necessary for genetic
enginsering. They are used for various tasks:

Primers

Primers are initiators of enzymatic synthesis, used in reverse
transcription of RMA, in hybridization and in sequencing techniques such as the
M13 system. They are short polymers of 10 to 15 mucleotides.

Linkers

Linkers are also short polymicleotides which incorporate sequences
recognized by restriction endomicleases. They are used to incorporate DNA intc
plasmids.

Adapters
Mapters are sequences which permit the splicing of DNA fragments cit by
different restriction endonucleases. They incorporate the recognition

sequences of two restriction enzymes.

Pcobes

Synthetic probes are short to medium sized sequences of mucleotides used to
detect specific genetic sequences by hybridization to single stranded mucleic
acids (long probes are made biologically by the genetic engineering of
plasmids). They often incorporate radiolabels, such as 32p. One of the more
exciting uses of probes is for clinical diagnostics. Recentiy, probes have
been used in Thailand for the detection of malarial parasites and the mosquito
species which harbour them.




Synthetic genes

In many cases, it may bs advantagecus to synthesize a gens whose product is
tully characterised, rather than attespting to cbtain it out of a camplex
gencme. While several companies offer custom synthesis of genes, recent
advances in hardware as well as in chamistry have made gens synthesis a common
operation in most genetic engineering laboratories. A common strategy is to
make small overlapping oligomcleotide sections from both DMA strands,
permitting self assembly and completed later on by ligase covalent linking.

Rationale for local production of oligomcleotides

Oligomucleotides are relatively stable and many suppliers ship by regular
mail. Delays in shipping and loss of product do not constitute an important
motivation for making oligomucleotides locally. However, there are several
good reasons for establishing self-sufficiency in the supply of
oligomucleotides.

Cost

The high price of oligomucleotides include a high labour cost component.
Much of this labour cost is in purification and quality control. The cost of
materials is often negligible. Depending on the length of the sequence,
material cost ranges from US$ 5 to US$ 50 for most oligomucleotides, averaging
about US$ 25, in quantities of 5-10 A,¢, units, which are sufficient for
multiple genetic manipulations. A typical price for that quantity if ordered
from a supplier will be US§ 500, assuming it is a catalogue item. Custom-mede
prcbes and genes would be much more expensive.

Iime

A typical oligonucleotids takes sbou: thres days to be campleted, assuming
one day for synthesis and two days for purification. This is much shorter than
the average dslay between ordering and recedving.
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Aexidility

While many linkers and primers are available commercially, many gemetic
oconstructions require special sequences which can be quickly made in a
laboratory with in-house capability. Most probes and all synthetic genes must
also be synthesized on-purpose.

For scme applications, mixed position sequences are required and while not
generally available from catalogues, they can be synthesized as easily as
single sequences.

large-scale manufacture

Typical applications require very little quantities of oligomucleotides.
Most synthesis methods (discussed in the next section) are adequate for
manufacturing comercial quantities, for example for diagnostic tests. The
only variation involves the purification steps. While small quantities (cne
Aygo Wit or less) can be purified by gel electrophoresis, commercial
quantities will require high performance liquid chromatography, a unit
operation becaming coemon in most laboratories.

Production

There are three major approaches to the synthesis of oligonmucleotides,
regardless of the chemistry used: nommal organic synthesis, using conventiomal
equipment, the use of kits, supplied by several manufacturers and autcmated
"gene machines””. The first approach is the least expensive for capital and
reagents, but has the highect labour cost. The use cf kits minimizes the
labour component, but has a higher material cost. The most productive approach
is the use of an autcmated synthesiser. Although the initial capital outlay is
high, it can be quickly recovered in a productive laboratory. It also
mdnimises lnmen erro™= nd often results in savings of labour and materials.
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Several hemistries have been developed during the last decade but it seews
that phosphoaramidite chemistry represents the state-of-the-art. It is used
both in kits and in antomated equipment.

The choice of 2 gene machine would bes difficult on the basis of performance
alone: most perform very satisfactorily. Depending on the model and the
amount of optional equipment, prices range from US$ 55,000 to US$ 100,000.
Availability of field service in a given area will probably be of prime
consideration in choosing the apparatus.

Purificztion and quality control will retain the highest share of time and
labour, although the job is easier if an autcmated synthesis machine is used,
as yield per condensation reaction and consequently overall yield, are
consistently higher than in mamua: synthesis.

Economics

Lsanodel,thosynthesisofﬁvonzmmitsofatridetzurpmbewith
three miltiple base sites, obtained in purified fomm, will be assumed. As a
reference, a quote for custom synthesis of such a probe was obtained from a
camercial supplier. The quoted price was US$ 5,625. For a list of suppliers
see Table 2.

Manual synthesis using reagents purchased in bulk would have a low material
cost of about US$ 25. (See detailed procedure in Appendix 3). Labour is
estimated at one person-week, including two days for purification. At US$ 50
per person-day, the cost for the probs would be US§ 375.

If a commarcial kit is used, it is assumed that it will be sufficient to
perform 130 condensations for the mamufacture of 10 different oligomucleotides.
It is also assumed that standard laboratory equipment (scales, water bath, fime
hood, vacuum sources, microocentrifige, etc.) is available. The cost of solvants
requiired for the reactions (e.g. diethyl ether) is megligible. ZAlthough some
mamufacturers claim that only two hours would be needed for the synthesis, we
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have assumed one person-day. Purification still will require two person days.
At US$ 50 per person—-day, and at US$ 80 for materials (10 per cent of kit
purchase price), the cost of the probe comes to US$ 230.

If an automated michine were used, the largest cost component would be the
amortization of capital, and the amount would depend essentially on the mumber
of oligomucleotides synthesized during the useful life of the equipment.
Assuming a useful life of five or ten years and a purchase price of US$ 75,000,
Table 6 gives the amortization cost per oligomucleotide, based on straight line
depreciation, in function of the mmber of oligonucleotides made each year.

Assuming a labour component of two days (mostly for purification) and a
materizls cost of US$ 25, the cost per oligomucleotide comes to US$ 275 at a
production level of 100 per year for a 5-year depreciation. At a production
level of 300/year, the cost drops to US$ 175. It is assumed that service costs
are included in the purchase price, as is often the case for this type of

equipment. For a l0-year depreciation schedule, a service component should be
added.

Table 6. Amortization cost of automated synthesizers

(in UB dollars)




Biological Materials
Biological materials, which include host strains (bacteria, yeasts and

mamalian cells), plasmids and cosmids, INA of biological origin and other
materials (such as lambda packaging kits), are yet another type of products in
the arsenal of genetic engineers.

They share in common the fact that they are obtained by growing cells
using classical microbioclogical techmiques long widespread in developing
countries. In theory, they need to be acquired only once. Only in rare
instances are they needed after the first purchase (e.g. catastrophic failure
of a freezer, or untractable contamination). Often they can be passed
informally from laboratory to laboratory at no charge. As a rule they can be
obtained from repositories in the USA (ATCC), Burope (EMBO) and in many other
countries. In Thailand the organization having responsibility for culture
collection sexvices for bacteria and fungi is the Thailand Institute of
Sciantific and Technological Research (TISTR). Mahidol University acts as a
service unit for the provision of mammalian cell lines.

Host strains are needed for the replication and expression of gemetically
engineered plasmids, cosmids and viruses. In turn, these can be isolated and
purified and made available to other laboratories. Once purified, they can be
further processed to generate, for exsple, marker DNA used in the calibration
of gel electrophoresis plates.

As an example, requirements for sequencing DMA using the M13 system
include one host strain (Escherichia coli K12 JM101), plasmids (M13 vectors),
DA (EcoRl digests of M13 and Lambda DMA) and T4 ligase.

Specific bacterial strains are also needed for the production of enzymes
such a3 restriction endomuclecses.
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Production

The prodxction of host strains of bacteria znd fungi for supplying
laboratories is a simple matter, using classical micrcbiclogy techmiques. For
shipping short distances, or casual transfer from researcher to rasearcher, a
simple Petri dish culture is all that is required. Lyopbilized preparations
have the advantage of long-tem stability. Vectors and viruses can be
transferred in the same way.

Mammalian cell cultures can also be easily transferred in T-flasks or in
suspension cultures, depending on the cell line. However they are more fragile
than bacteria »r fungi, and must be quickiy subcultured.

Purified MMVA preparations require the use of an ultracemtrifuge, an
expensive piece of equipment, but found in many biochamistry laboratories.

Marker DNA can be cbtained by digesting purified plasmids or viral
chromoscmes with restriction endomucleases. As an example, the restriction
enzyme Eco Rl will cut the Lambda virus chromcseome into six pieces of known and
reproducible molecular weight.

Other preparaticns such as DNA packaging systems can be cbtained by simple
methods from lysed bacterial cultures.

8ince the cost of preparation for the above biological materials is low,
no economic evaiuation wiil be made.

Biological materials wmade by the Mahidol University group and 4istributed
to other scientists are shown in Table 7.
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Table 7. Biological Materials Production

at Mahidol University

E. ocoli Cc-600

E. coli o107

Plasmids

pER322 (ug)

PER32S (ug)

pa21 (ugj

Marker DNA

Projected

As needed

As needed

2,000
1,500

500

Prepared

As needed

As needed

1,000

400

24 plates

19 plates
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APPENDIX 1
PRICE LIST FOR GENETIC ENGINEERING PRODGCTS

Price List - Winter 1986

Restriction Endonucleases

Product Number Recognition Sequence  Price (small) Price (large)
Anl oy caceTic 30 e300 250 waita/317¢
Act) s161 eriicy(ennc 60 oaks/338 300 paks /3220
Abs B i1 1~ <-4 50 oals/3100 250 ooRts /3008
Al NN acfcr 00 seks 350 2.000 oalts /3200
Apsl #3118 ccecctc $.000 waits 355 25.900 walis/3220
Aw) VIt ctryccrsG 209 saltsf300 1.900 oake/3176
AwnE 1% clcian)ec 100 sake/384 SN walts /3176
Awl e clcrace 20 seks/300 100 vaks /3329
[ )] " L (77 20 sakis /390 100 sake/3320
) I clearce 2.500 wahn/344 52.500 welts /8176
Suad s118 clcryPucC 290 scks /330 1.000 sake/3200
St sy GPuccryic 1900 oeks /950 $.000 xalts /3200
ol nn GCAGC(3/32) 10 vels/3100 50 wohs /3560
8d? 160 TIGATCA 90 selts/344 2.000 palts /8116
ot S0 cceunnntncee 1.000 ooks /344 $.000 walts/S176
ays sy AlGATCT $00 oakta/SH4 2.500 onlts /3176
fm) Pt GAATGC(1/-5) 100 oohs /S50 $00 waks /9200
85 1296 #1120 G(GAT)CC(CAT)IC 200 oot /330 1.900 vaits /5200

oBspM | #3502 ACCTCC(3/9) 100 soRs /350 $80 paits /3200
oBspM B #3508 T{cccea 20 salta /300 100 oaks /3320
St B o1 13(<Z74 100 osks /350 380 waits /3200
mEN a1 cleTaacc 2.000 veics /344 16.800 waits/$17¢
M s1e8 ccl(aT)ce 1.000 seka/344 $.000 sans /3176
Psx 1 113 CCANNNRNTNTCC 250 oehs /350 1.250 walte /3200
) o1 ATTCCAY 500 oalts /330 2.500 ook: /3200
Dde s ciTiaG 200 ouks /344 1.900 oaks/8iT6
Opa) e c"afvc 200 vakis /350 1.500 gaits/$200
Ont 1 TITiAMA 2008 saks /350 10.000 salts /3200
Lyl (Xms W iseschizeme) #3508 clecccs 100 sekes /330 $00 waks/$200
S£co0 109 (Dras N hoschizome) #3503 PeGlCHCCPY 2000 seks /330 50.000 woks /3200
Lcolk ) mn GIAATTC 10.000 el /344 50800 walts /3176
250,000 oalts /3500
EcR V s198 GATTATC 2900 sos /384 10.000 wakts/$176
FasD 8 se cclce 0 oos /338 200 saits /3220
Faot 1 e ccince 0 oohs /355 300 oas/S220
o Iy GGATG(9/13) 100 oolis /330 $00 valts /9200
“Fapd 38 vecicea 50 sales /350 750 oalts /3200
[P | 1 PeccGClPy 1000 sake /944 $.900 volts /8176
Hoe #1080 c6fcc 2000 sshs /344 10.000 oaks /3176
Yy ) 9154 GALGC(3/19) 1S slis /300 7S saks/$120
M | o0 G(TAC(TAYTC 100 sshs /968 300 wokts /3100
) n» 77 (4 1900 sahe/B44 $.000 selts /8178
Moc 8 p103 TPy IPanc 29 eaits /344 1.000 saits/S176
Mok W #104 ATACCTT £0.000 osts /504 $0.000 oaits /8176
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5] #1538 clantc 1.000 wals/338 S.000 walts/17¢
"o 1N ¢fcee $00 sadta/330 2.500 uakz/3208
Npel #1108 cTTianc 100 sals/244 $80 wats/N178
MNpalt an cfcee $00 velta/384 2.500 waks /3128
prevy #1358 CETGAR/T) 200 salts /304 2.000 vaks/3106
Kpat s 17174 (4 2000 salis /304 10.000 paks /3176
* ABel na fearc 200 vake/4SS 1.900 vaits /310
Mol nae CAAGI3/T) 400 walis /383 2.000 sakts/3120
Al 1] Afcccer 809 ks /350 4.000 walta /3200
* Ml 0] ccreq/m 45 valts /350 25 vakts /3200
Aap #i0s clcee 2.008 walts /384 10.000 oeks /3176
[T Y | sin ccimace 8 ool /360 200 wels /3200
Mot #1990 cecteoe 08 salts /214 2,000 aalts /2176
Nor b I cclesec 100 selts 304 $00 weits/2176
»t 1% cclice)es 290 welis /350 : 4008 vaits /3200
e ) 19 ctaares 100 waits /344 500 weits /3176
Née s cAtrare 200 waits /350 1.000 units /3200
Miel " clciace 250 veits/33S 1.250 eaits /8220
Mo m N caret 10 veins /390 50 weits /3120
MW 12 cenlnce 20 ooits /360 100 enits /3280
Not ) #19 ccfesccee 200 saits/3SS 1008 guits /3229
[ #192 TCGicCA 200 puits/344 £.000 saits /3176
[ *{] fa ATGCATT 250 wairs /350 £.250 saks /3200
PreRY nn clveceas 2.000 vaks/344 10.000 waits /3176
oPpald ) #3508 >GlG(aT)CCPY S0 vairs /350 258 waks /3200
Pl #1w CTGCALC 5.800 waits/35$ 25.000 waks/322¢
Pre) 150 CGATICG 100 onits /355 $00 waits/$22¢
Pl #1581 acicre 1.000 weits/348 $.000 waits/3176
Rea d 167 CTiac 1.000 waits/384 $.000 waits /3176
Rer B #3501 ccleiaricce 25 weits /353 125 walts /3220
Sach 2156 (7774 0{d 1.000 vaies /384 $.090 waits /3176
Sacl N ccectee 1.000 esits/344 $.000 waits /3176
s #138 citceac $00 waits /334 2.500 walts/3176
SassdA ) e fearc 200 weits /344 1.900 vaits /3176
Savn6 1 ses clence 200 wnies /344 $.000 waits /3175
Sa nn ACTIACTY 1,000 salts/$50 $.000 uaits/$200
Sof | ) cclnGe €00 waits /350 3.000 waits "$200
$hkY Mn GCATC(S/9) 20 enks /3100 100 wnits/$400
(7] "n GGCCNNNNTNGGCC 250 waies/150 $.250 waits /3200
Smat 14 cccleee 400 seies /344 2.000 waies /3176
SesB #130 TACTGTA 100 saits/344 $00 waits /3176
Spell " AfcTacY 150 sans /350 750 weaits/$200
EAY) 82 cearclc 90 anits/$50 400 caits /$200
Sop) RN AATATY 300 enits/$35 5.500 vaks/$220
Siet e acctecy 400 wnits /344 2.000 enkts/$176
- Sl 500 clc(aT)AT)CG 2,000 anies /35S 10.000 waks/$220
Togh sy T{cca 2.000 sslts/$44 10.000 weits/3176
Terat s s GACNINNGTC 400 soits/$44 2.000 waits/$176

- Xl s TICTAGA 2.000 eaits/$35$ 10.000 waits/3220
o) 18 clrccac 4,000 sois/35S 20.000 wokts /3220
Xio B s PelCATCPY 29 ealts /844 128 salts /3176
Xme | s1o0 14 ({77 20 sols /330 108 wnits/$200

Xme | 1 GAANNTRNTTC 600 oalts /344 3.000 waits /3176
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DNA Modification Methylases
AN § e a"ct 100 oolts /350 $80 walts /3200
M. Bl § o GGAT™cC 100 oalts /350 $00 walts/3200
Y- Y] s ATCC™AT 150 valts/350 TS0 salta/3200
dom m ¢ ATC 900 ealts/I50 2500 walts/3200
M.Ecok t s GA™ATTC 10.000 salts/344 $0.060 wsis /3178
M.Nse B s ec™¢ce $0 valts;350 250 valts /3200
Mwaset o e~ coc 1808 valts/350 $.000 onkts/3200
MApe B sme c®cce 20 salta/$38 158 salts /2220
Mps | om ™eace 30 valts /350 S0 welts /3200
MASy | s ®ccee 100 vults/338 $00 salts/3200
MPst sus cTec™as 200 ealts /333 $00 eaks /3220
M.Tog! me TCC™A 300 salts/350 1.500 uaks/3200
Enzymes Involved in Nucleic Acid Metabolism
T4 ONA Ugase 02 20.000 onits /355 100,000 waits/$220
T¢ RNA Ligase 204 100 woits /344 S00 wains /3176
DMA Ligase (E.cofi.DPN) 205 200 waits/344 1.000 onits/3176
Pelyneciestids Xsase s208 S00 waits/330 2500 snits /3100
ONA Polymersss | $#209 500 wnits /350 2500 enits /3200
DNA Pelymesase | LgFrag. sue 125 wals /344 €25 waits/S1T6
RNA Pelymersse (E.cofl) §208 100 onits /344 500 onits /3176
T4 DRA Pelymurase #203 25 eokts /350 123 vaits/3200

STT RNA Polymersse 9291 $.000 saits /350 25.000 wnits /3200
SP 6 ANA Polymernne 07 200 waits/$30 1.000 gaits /3200
Neclesse BAL-IE 213 S0 walts /344 250 waits/S176
Casavcusse W 9208 $.000 saits/$44 25.000 eaits/$176
Lambds Esenvdiease 212 $00 w2its /344 300 enits/3176
Mong Boasn Nedesse 259 1.500 enits /344 1.500 onits/3176
M12 DNA Sequen.ing System
M$3 Closlag Pack 08 1350
Vecter Mi3mpi8 RF DRA #0018 10 ,¢/360
Vecter Mi3mpi9 RF DNA #4800-19 10 »g/860
M13 **P Didessy Seqeendag Pack #4090 s1ss
M13 **S Didecny Sequendiag Pack T s1e8
M13 *?P Soquencng Reagents pos s
M3 **S Sequendieg Reagents s s
Dephosphorylated pBR322 Cloning Vectors
Samii | desved ’.”” 'm $ )l,m » .m)ﬂ
Lo | desved pBRIT 322 $ og/373 18 »5/3300
Mol | desved pBRI23 ”nn $ »g/378 1% »g/8300

Pst 1 desved $BR322 P S »0/373 2 ,¢/8300




DNAs and DNA Molecular Weight Standards

Lambds DRA -t
Lambda DA (0® methylsdealac-froe) #3013
$X114 RF | ONA #3024
$X274 RF B OXA #3022
SXIN Vislea DNA #32)
Lambds DMA Msd W Digest 012
Lambds DNA B B Digest 4
$XIT6 ONA hae W Digest #3024
pBAXI2 DNA Sseit | Dtgest #3034
pBRI22 DRA Adsp | Digest #3932

Linkers (54 linkers currently available)

Rea-Phospherylsted Linkers S o 10-0er
12-er
Phespherylsted Liskwy S-me or 10-mer

Primers (1S primers cutrently available)

Lambda g1 Primens
M13 Pimers
pOR3I22 Primen
mRNA Primers

Reagents and Matrices for mRNA Isolation

Ofige (dT)-Colielose #1401
Ofige (dT)-Coliless (micrecystiliae) 41403
Ofige ¢(T),s #1316
R esvciosside-Vanadyl Complas #1402
RNA Cop Strectore Assleg #1804

Other Organic Synthesis Products

Adspters
Probes

96 o g/350
$00 ,g/350
.15
3 ,g/850
50 ,g/158
250 .g/350
250 ,¢/350
2,410
0 .gf150
8 ,¢/30

1.8 Aygq uain/t80
18 Ayge esk/300
1.0 Aygq wait/3%0

28 »g/395
25 »5/998
18 .g/t95
25 .5/

1 gam/390
1 gnm/tle
5.0 Aygq onits /360
$0mi (200mid) /350
8 Ayge sals/STS

.9 "” .*m
28 g/848

13500 ,¢/3200
2500 ,¢/5200
150 »5/5200
158 »g/8200
90 g 3020
1250 ,¢/8100
1.258 ,5/5200
100 »g/5200
50 og/5200
50 »g/3200

$.9 Ayeo oaRs/3200
38 Aygq units/330
59 Ayep walts/3360

515 »g/3300
125 ,¢/3300
125 »¢/3300
any S pkgn /3100

$ game /3320
S gram /3200

3.0 Aygq oalts/I200
128 ,¢/3108
(90-160 cond )/ 3550
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APPENDIX 11

PURIFICATION PROCEDUSRE FOR THE RESTRICTION RMIYME PST I
(from Dr. Rosaons Walder's Ph.D. dissertation)

Purificatjon of Pst I restrictjon endomuclease

Frosen pPst304 cells, 148 g, were suspanded in 120 ml of 20 =M Tris-RC1 pH
7.0, 400 mM KC1, 0.1 mM EDTA, 0.1 mM dithiothreitol, S per cent Y/v glycerol
containing 13 ug/ml phynylmsthylsulfonylfluorids (PMSF) and allowed to thaw at
4° for 8 hours. The cells were treated with lysozyme at 100 ug/ml for 30
mimites on ice before somication. Cells were disrupted using a Biosonik
sonicator (3romwill Sciemtific) in 30 g portions with 30 second pulses, 12
repetitions, with ons mimite of rest bstwesn each pulse. When all of the cells
were disrupted, csll dsbris was removed by centrifugation at 15,000 x g for 20
minutes. The supernatant was pooled and centrifuged at 200,000 x g for 4
bhours. The high speed supermatant (Fraction I) was precipitated with solid
amonium sulfate, added to 75 per cent saturation. The precipitated material
was collected by centrifugation at 20,000 x g for 15 minutes. The precipitate
was dissolved in 80 ml of phosphocellulose starting buffer, 10 mM sodium
phosphate pH 7.0, 1 =M EDTA, 200 =M MaCl, 1 =M sodium azide, 5 per cent /v
glycercl, 13 ug/ml PMEP, and dialyzed against 1.5 liters, with four changes of
the same buffer to yield Fraction II.

The dialysate (Fraction IT) was applied to a phosphocellulose P-11
m)mz.sxu.-mmdmasonofmxmlm
starting buffer. The column was developed with a 1200 ml linear gradient of
0.2 to 0.6 M MaCl. Ten ml fractions wers collected and assayed for Pt I
activity. Fractions ocontaining enzymatic activity were pooled, concentrated by
raicon ultrafiliration to 40 xl and dialyzed against 4 liters of DEAE buffer:
10 =M potassium phosphate pH 7.8, 10 3 2-mercaptosthanol, 0.1 =M EDTA, 1C per
cent Y/v glycercl. The low tonic strength of this uffer caused
precipitation of some proteins other than 2st I restriction ensyms. The
dialysate was clarified by centrifugation at 15,000 x g for 30 mimites to yield
Fraction III.
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The suparnatant of the dialyzed phosphoceilulose pool (Fraction III) was
applied to a 1.5 x 30 ca DEAE-52 column and washed with 300 ml of DEAE buffer.
The column wvas developed with a 500 ml gradient of 0 to 0.4 M NaCl. Five ml
fractions were collected and assayed for enzymatic activity. The pooled
enzymatic fractions from the DEAE-lsiluloss column were conceutrated by Amicon
ultrafiltration to 6 ml, yielding Fraction IV and applied to a Sephadex G-200
column. The Sephadex G-200 column 2.5 x 30 ca, had been equilibrated with 10
mM sodium phosphate pH 7.0, 1 =M EDTA, 1 =M sodium azide, 7 mM
2-mercaptoethanocl, and 10 per cent ¥/v glycerol. Fractions (2.5 ml) were
collected and assayed for endomuclease activity. The pooled enzyme fractions
were concentrated to 8.5 ml by ultrafiltration and dialyzed against
heparin-agarose buffer which contains 20 sM Tris-ACl1 pH 7.5, 0.5 mM EDTA, 7 mM
2-mercaptoethanol and 10 per cent Y/v glycerol.

The dialyzed enzyme (Fraction V) wvas applied to a1 x 13 m
heparin—-agarcee con-;, washed with two colum volumes of heparin agarcse
buffer, followed by a second wash with a 100 ml gradient of 0 to 0.2. M NacCl.
Pst I restriction enzyme was eluted with a 200 rl gradient of heparin agarose
buffer containing 0.2 to 0.8 M NaCl. The final pooled enzyme was concentrated
by ultrafiltration to 5 ml (Fraction VI). A portion of Fraction VI was
dialyzed against water for protein sequencing and antibody studies. The
remainder of the enzyme was dialyzed against storage buffer which contained 10
mM Tris-HC1 pH 7.4, 1 =M dithiothreitol, 0.1 mM EDTA, 200 mM NaCl, 50 per cent
Vv glycerol and 0.15 per cent /v Triton X-100, and stored at -20°C.

A summary of a purification of Pst I restriction enzyme from 148 g of the
transformed Providencis stuartii 164 strain, pPst304, is presented in Table 1.
From 148 g of ocells 3.75 mg of Pst I restriction enzyme was purified. A total
of 4 x 10° units or 2 my Pst I was used for the Edman degradation studies and
2.2xm‘miuor1.1.ngmmodformtibodypmtim. The remainder
of the purified Pst I, 1.3 x 10 units, was used for restriction digests.
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The method for purification of pPst I restriction enzyme wis devised by
Drs. Joseph Walder and Ranjit Chatterjee. This protoccl was shared with me
prior to publication, with their permission.

Mino acid analysis
Pst I restriction endomicleass wvas hydrolyzed under reduced pressure for
24 hours at 100° with 6 N EC1. Hydrolysates were analyzed on a Beckman 121
MB amino acid analyzer, equipped with a 2.8 x 350 mm AA~10 column. The
analysis was acoomplished in collaboration with Glen Wilson, director of the
Protein Structure Facility.
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APPENDIX ITI

A PROCEDURE FOR THE MAMUAL SYMTHESIS OF
DEOXYOLIGOMUCLEOTIDES USING DIMETHOXYTRITYL MUCLBOSIDE
PHOSPHORAMIDITES ON A SOLID SUPFORT

INTRODUCTION

The synthesis of DNA was first accomplished
in 1955 by Michelson and Todd". Since then,
various laboratories around the world have
contributed to the chemistry of making specific
DNA's for biological research. Early methods
required highly skilled nucdleic acid chemists
and specialized equipment. Before synthetic
DNA became commonly available a number
of criteria had to be met. These were:

CAUTION! Fast and eflicdent chemistry for addi-
The toxic, mutagenic and carcinogenic proper- tion of single nucleotides without af-
ties of dimethoxytrityl nudeoside phosphor- fecting other functional groups on the
amidites and some of the mixtures used in ofi- DNA
gonucleotide synthesis have not yet been Stable and compatible reagents.
determined. All of the reagents should be con- Very pure starting materials.

sidered dangerous and handled appropriately.

i fi
Do not spillon skinor br orvapors. Easy separation of the product from

tesidual reagents and by-products.
Low material and labor cost per cycle.
We feel that the 5’ -DMTs nucleoside-3°-phos-

phoramidites developed by Beaucage and
Caruthers’ coupled with the solid phase meth-

) ods developed by Matteucd and Caruthers>*
- address these criteria better than any other
synthesis method.
. One of the most serious problems in

DNA synthesis has been the time required and
quantities of expensive reagents needed for of-
ficient coupling. Diester procedures use very
large excesses of seactants and coupling takes
8s long as six hours. The more recent triester
approach requires reaction times of %4 to §
hous and is ineficient to the extent that most




triester procedures cali for adding dimer or
trimer blocks rather than single nuclectides.
These dimers or irimers must be indepen-
dently synthesized and purified prior to DNA
synthesis. Nucleoside phosphoramidites, on
the other hand. are highly reactive upon acti-
vation under mildly addic conditions. Coupling
reactions go to completior: in less than three
minutes. Products from minor side reactions
which may occur, such as exocyclic base
additions, are eliminated by hydrolysis in
subsequent steps. The DMTr nucleoside phos-
phoramidites are very stable under neutral
conditions. As is the case for all other types of
DNA intermediates they should be stored
desiccated.

With most chemical syntheses, a keyto
high product vield and easy purification is the
use of pure starting materials. Our use of a 'P
FTNMR insures the quality of the dimethoxytri-
tyl nucleoside phosphoramidites. The other
important reagents and solvents are also the
purest available and undergo quality control
tests such as Karl Fisher titration, UV spectros-
copy. and gas chromatography. Additionally,
each lotis used in house to confirm perfor-
mance before shipping.

The step-wise separation of excess re-
agents and reaction by-products from the
growing oligonucleotide chain is facilitated by
solid support synthesis. During the synthesis,
all unused reagents and reaction by-products
are simply washed out. Alter completion of the
synthesis, the dimethoxytrityl group affords a
means of purifying the final product from other
oilgomers by reverse-phase chromatography.
After each addition step during the synthesis,
all unreacted chains (with S’-OH groups) are
capped (o prevent further reaction. When the
synthesis is complete, only the desired prod-
uct will bear the trityl group. This group is large
and hydrophobic and significantly increases
the retention of DNA's on reverse-phase
columns.

Historically, DNA synthesis has teen
done only when the DNA was urgently re-
quired since many hours of time were re-
quired and the dimethoxytrityl base protected
nudeosides precursors were quite expensive.
Now due to the high coupling eflicency of the
phosphoramidite method and the purity of the
reagents offered by Applied Biosystems, DNA
synthesis can be accomplished for as little as
$4.00 per cyde for materials and a typical
probe can be synthesized in less than 8 hours.

We would like to thank the many people,
primarily from the laboratory of Dr. Marvin
Caruthers at the University of Colorado, who
have contributed to the evolution of the proce-
dure described here. A more general descrip-
tion has previously been published.*

§ NUCLEOTIDES PART XCOUI: SYNTHESIS OF A DITHYMIDINE DINU-
CLEOTIDE CONTAINING A 3’°:5° INTERNUCLEOTIDIC LINKAGE.
AM. Michelson arif AR Todd. ] Chem. Soc. p. 2632(1955)

INTERMEDIATES FOR DEOXYPOLYNUCLEOTIDE SYNTHESIS,
S.L Beaucage and M.H. Caruthers. Tewrahedron Letters, 22, #20.
1859-1862(1981)

3 THE SYNTHESIS OF OLIGODEOXYPYRIMIDINES ON A POLYMER
SUPPORT. M.D. Maneucd and M.H. Cansthers. Tetrshedron Letiers.
21, 719-722 (1960}

4 SYNTHESIS OF DEQXYOUGONUCLEOTIDES ON A POLYMER SUP-
PORT. M.D. Manteucd and M.H. Cansthers, J. Am. Chem. Sox.. 103,
3185-3191 (19681)

5 NEW METHODS FOR SYNTHESIZING DEOXYOLIGONUCLEOTIDES.
MH. Caruthers. 1 ol. Genetic Enginesring. Vol. 4, Edited by Sedow and
Hollsender (Plenum Pubiishing Corporation, 1902)
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THE CHEMISTRY

The Solid Support

The support is a fully porous silica bead which
is covalently bonded to the 3’ hydroxyl of one
of the four dimethoxytrityl nucleosides through
an aminopropyl-succinamide linkage. The 3’
terminal nucleoside of the oligomer to be syn-
thesized determines which of the four silicas is
used.

The support is derivatized to yield ap-
proximately 40 pmoles of dimethoxytrityl
nucleoside per gram of silica. An exact loading
is indicated for each lot of silica. One pmole of
starting material should yield enough DNA for
most 277 "-ations, therefore approximately 25
mg of support is used for a normal synthesis.

The dimethoxy*rityl group attached to
the 5’-OH of the sup;, { bound nucleoside
(and the nucleoside phosphoramidites) serves
several purposes: protection of the 5'-OH until
an appropriate point in the reaction cycle, the
means for quantitative deterrnination of coup-
ling efliciency, and a lipophilic terminus for
reverse-phase HPLC purification.

The Synthesis Cycle

The first step of the cycle (Step #1 in Figure 1)
is the removal of the dimethoxytrityl group
from the support bound nucleoside by treat-
ment with acid (zinc bromide or trichloro-
acetic acid) to liberate the 5’-hydroxyl. The
choice as to which detriviating solution is used
depends upon how the final product is to be
utilized. Trichloroacetic acid does cause minor

o e
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FIGUREL.

depurination (especially on 3’ terminal adeno-
sine residues) but most of the product remains
intact. For most purposes trichloroacetic acid
is the detritylating solution of choice, though
detritylation times should not exceed two
minutes.

Zinc bromide, on the other hand, is a
non-protic Lewis acid which does not cause
depurination but is very slow to detritylate,
espedially on pyrimidines. The use of zinc bro-
mide may add up to one half hour to each
cycle. This protocol does not include instruc-
tions for ZnBr, detritylation.

After thorough washing, the support is
treated with the proper dimethoxytrityl nucleo-
side phosphoramidite and tetrazole. The teira-
zole acts as a mild acid and protonates the di-
isopropylamine on the phosphorous of the
dimethoxytrityl nucleoside phosphoramidite



(Step #2). The protonated amine is a good
leaving group and renders the phosphorous
susceptible to nucieophilic addition. The sup-

- 36 -

port bound nucleoside 5’-hydroxyl in the pres-

ence of the activated dimethoxytrityl ni. Jeo-
side phosphoramidite will then react to
produce a nucleotide dimer (Step #3). The
phosphorous at this stage is still in a trivalent
state.

The addition reactions may not be
quantitative. A finite amount of the support
bound nucleoside 5°-hydroxyl may not react.
If left as a free hydroxyl function, these un-
reacted chains would propagate in following
addition steps. Large amounts of deletion se-
quences which contain one less base than the
final product make purification more difficult.
To avoid this problem, a capping reaction is
utilized (Step #4). In this reaction, the un-
reacted support bound nucleoside 5’-hydrox-
yls are acetylated with acetic anhydride in the
presence of dimethylaminopyiidine and 2,6-
lutidine. The 5'-acetylated support bound nu-
cleosides are thus rendered unreactive and
will not propagate in subsequent cycles.

After addition of the dimethoxytrityl
nucleoside phosphoramidite, the phosphorus
isin atrivalent state. The pentavalent state is
achieved by treatment with iodine in the pres-
ence of water and base (Step #5).

SOME COMMENTS ABOUT
THE CHEMISTRY AND REAGENTS

Repetitive Yields

Successful DNA synthesis requires high repeti-
tive yields. Consider the synthesis of an oligo-
mer 16 bases in length. The 3’ terminal nu-
cleoside is already bound to the support so a
total of 15 nucleotide additions are required to
achieve the proper length. Table 1 shows the
overall yield as a function of various step

yields.
TABLEL
STEP YIELDS TOTAL YIELD
95% 46%
90% 21%
85% 9%
80% 4%
75% 1%

A high overall yield is beneficial in that a larger
quantity of the desired DNA is produced. More
importantly, the ease of purification is related
to the purity of the crude product. In turn, the
purity of the crude product is dependent on
the quality of the reagents and solvents used
throughout the synthesis, therefore it is desir-
able to take spedial care in the handling of all
the reagents and solvents used.

Dimethoxvirityl Nucleoside
Phosphoramidites

The inherent high reactivity of the dimethoxy-
trityl nucleoside phosphoramidites renders
them somewhat uns'able to oxygen and water.



Furthermore, any water associated with these
compounds will, upon protic activation, act as
a competitor with the 5°-hydroxyl of the DNA
chain. Immediately upon delivery, place the di-

nucleoside phosphoramidites in
a desiccator over CaSO, or other drying agent.
Do not open them until all the apparatus has
been assembled and all necessary reagents,
solvents and equipment are ready.

Anhydrous Acetcaltsile

Anhydrous acetonitrile is used during the
course of the synthesis in two vrays. First, it is
the solvent in the dimethoxytrityl nucleoside
phosphoramidite addition reactions. Second,
it is used as an anhydrous wash o remove
wates and other nucleophiles from the reaction
vessel. As with the phosphoramidites, the ace-
toritrile used in these steps must be anhy-
drous. Alter replacing the screw cap on the
bottle with a septum, the anhydrous acetoni-
trile should only be accessed with a syringe
and provided with an inert gas source to keep
the bottle from developing a partial vacuurm.

Capping Solutions

The capping solutions also need to be rela-
tively anhydrous but not to the same degree
as the acetonitrile. These bottles are also ac-
cessed through septa with a syringe. Accurate
volumes of the capping reagents are required
so the syringes used must be graduated. The
syringes used for the anhydrous acetoritrile
and capping reagents are not interchangable.

Other Reagents

The balance of the reagents and solvents need
no spedial care other than being capped when
not in use. They can all be delivered with Pas-
teur pipets. The pipets may be reused during
the synthesis but only with the same reage.ts.
Cross contamination may cause failures.
Throughout the protocol which follows,
a number of steps call for delivery of 1.5mi of
the solvents. This is an approximation and ac-
curate measurements are not required.
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SETUP OF THE APPARATUS

System Description

As shown in Figure 2, an integrated vacuum,
inert gas and aspirator system is used for the
synthesis. The oil pump is connected directly
to a vacuum 3-way stopcock. One outlet is
used to evacuate the vacuum desiccator. An-
other leads to the needle valve which is used
to control the flow rate of inert gas into the
evacuated desiccator The outlet of the needle
valve is connected to an inert gas 3-way stop-
cock. This stopcock provides the means for di-
recting the inert gas towards either the vacuurn
desiccator system or the reaction vessel/water
aspirator system. The second outlet of this 3-
way stopcock leads to two plastic T-connectors
terminated by 1 inch 20 gauge needles held in
place by copper wire to prevent leaks. These
lines are used to provide inert gas to the reac-
tion vessel and reagent botiles. When not in
use, these needles shouki be inserted into a
rubber stopper 10 close the inert gas system to

atmosphere.




The third Bne from the inert gas 3-way
stopcock leads %o a T-connector, one Ine of
which terminates in a small tube containing
mineral oll (bubbler). The bubbler provides a
vent to prevent build up ol a positive pressure
in the gas system and serves as a monitor of

through a drying tube to the regulated inert gas
source.

The water aspirator is connected to a
water aspirator 3-way stopcock. One outlet
from this stopcock is open to air to relieve vac-
uum in the aspirator system and the other out-
letis connected to a {ilter flask A #8 stopper
with #3 bore Is used to cap the filter flask.

Reaction Veasel

The reaction vessel can be made in a glass
shop or is available from Applied Biosystems".
Itis a modified sintered funnel equipped with
a stopcock to facilitate solvent ar«d reagent re-
moval from the support. The small port for
adding reagents minimizes the chances of
spills or loss of the silica. In various steps of the
synthesis this port is capped with a rubber

1o maintain an anyhdrous environ-
ment. Inert gas is introduced to the reaction

i

FIGURR 3. $Port 9400055, Prce $79.

vessel by insertion ot 2 hypodermic needle
from the gas line through the septum.

MATERIALS AND REAGENTS LIST

1. Smalitest tubes or vials with tight fitting
septa

Two Yaml glass syringes with glass Luer
hub (BD #2001)

One 1ml glass sringc with glass Luer
hub (BD #2004

Two Yamnl glass syringes with glass Luer
hub (BD #2001)

Disposable hypodermic needles

Three 20 gauge one inch hypodermic
needles with Luer hub (BD #1075)
Three 22 gauge five inch hypodermic
needles with Luer hub (Hamilton 1/pkg
N722,5"90022)

Rubber septa for the reaction vessel
(Aldrich #210-072-2 or #210-073-0)

9. Rubber septa for the dimethoxytrityl
nucleoside phosphoramidite botles
(Aldrich #210,074-9)

10. Rubber septa {or the 250mi solvent and
reagent bottles (Aldrich #210,076-5)

11. Oneliter filter flask

12. Tygontubing

13. Vacuumhose

14. #8 rubber siopper withone #3 bore
hole

15. #2 rubber stopper with one #3 bore
hole

16. Test tube with side arm (Coming #9840)
17. Three 3-way stopcocks

18. Cil vacuum pump

19. Vacuum desiccator

20. Two desiccator jars

21. Drierite

22. Needle valve

23. Inertgas cylinder (Argon or Nitrogen)
24. Reguiator for inert gas cylinder

25. Pasteur pipets

26. Pasteur pipet bulbs

27. Wash bottle containing acetone
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Wash bottle containing methanol

100°C + oven

Visible specirophotometer and
cuvettes

Plastic T-connectors

10 to 20 disposable hypodermic needles
Timer

Drying column

Applied Blosysiems Reagents:

Part #400026, anhydrous acetonitrile, or

equivalent

Part #400023, 3% trichloroacetic acid in
dichlorcmethane, or equivalent

Part #400041, support bound dimeth-
oxytrityl-N-benzoyi-deoxyadenosine
Part #400042, support bound dimeth-
oxytrityl-N-benzoyl-deoxycytosine
Pzrt #400043, support bound dimeth-
oxytrityl-N-isobutyryl-deoxyguanosine
Pert #400044, support bound dimeth-
oxytrityl-deoxythymidine

Part #400039, 5°'-dimethoxytrityl-N-
benzoyl-deoxyadenosine-3’-
phosphoramidite

Part #400013, 5'-dimethoxytrityl-N-

benzgr\l;deoxycytosm%'-
phosphoramidite
Part #400012, 5'-dimethoxytrityl-N-

-deoxyguanosine-3'-
phosphoramidite
Part #400014, 5'-dimethoxytrityl-
thymidine-3’-phosphoramidite
Part #400016, S00mg 1H-tetrazole
Part #400018, cap B(6.5% dimethyl-
aminopyridine in ?HF). or equivalent
Past #400017, cap A (acetic anhydride/
2,6-lutidine/THF 1:1:8), or equivalent

Part #400022, oxididant (0.1M |, in
water/2,6-lutidine/THF 1:10:40), or
equivalent

Applied Biosystems Part #400055, reac-

tion vessel, or equivalent
Reagent grade acetonitrile

Reagent grade methanol
Reagent grade nitromethane
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SYNTHESIS PROTOCOL

Introduction

The protocol that follows is very detailed and
intended as a guide for those who are inexperi-
enced with organic chemical techniques in
generzl and DNA synthesis in particular. It is
important that successful syntheses are ob-
tained with a minimum of initial failures.
Therefore the “safest™ procedure is presented
although it is very tedious. Until some experi-
ence is gained, cycles may require up tc one
hour. After several syntheses, the cycle time
will shorten to about 15-20 minutes.

Before beginning the synthesis, a num-
ber of photocopies of the protocol should be
made. Each step can be checked off as itis
completed so that no steps are missed. After
using the cycle a number of times, the "Outline
of Synthesis Protocol” should be sufficient as a
guide.

Preparations Prior to Synthesis

The following preparation is required the day
before synthesis begins:




10.

1) A (16.8 mgs)

2} C (15.9mgs)

3) G (16.2mgs)

4) T (14.1 mgs)
into separate small tubes and seal
with tight fitting septa.
Weigh 3.5 mg of tetrazole for each
cycle planned in separate small
test tubes and seal with septa.
Insent disposable hypodermic
needles through septa of all stock
bottles and measured aliquots.
Place all of the stock bottles,
tubes and vials into the vacuum
desiccator and connect the des-
cator to a vacuum pumg for at
least 2 hours.
Wash one 1ml and two Vam! glass
syringes with 5 inch needles with
acetone.
Place syringes and plungers sep-
arately into the oven.
Weigh out 1 pmole cf the desired
support bound 3’ terminal
nucieoside (about 25 mg).
Place the support in the reaction
vessel.
Place a septum cap on the
reaction vessel.
Insert the siem of the reaction
vessel through the #2 rubber
stopper with #3 bere.

THE ADDITION CYCLE

1. Detritylation (TCA)

Remove the septum fzom the
reaction vessel. (On subsequent
cycles the septum will already be
removed.)

Close the reaction vessel
stopcock.

1.1

1.2
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1.3
1.4

1.5
16

1.7
1.8
19
1.10
1.11
1.12
1.13

1.14
1.15

1.16
1.17
1.18
1.19
1.20
1.21

With a Pasteur pipet, add about
1.5ml of the 3% TCA solution. ’

Replace the septum cap on the
reaction vessel.

Agitate carefully for 1 minute.
Mount the reaction vessel (with
#2 stopper) into the test tube
with the side arm. (Use 2 separate
test tube on each cyde if trityl
yields are to be measured for
each cyde.)

Attach water aspirator 3-way
w&d to the side arm of the test
tu

Tum on the aspirator.

Open the aspirator 3-way
stopcock to vacuum.

Remove the septum from the
reaction vessel.

Carefully open the reaction vesse:
stopcock and collect the solution
Close the reaction vessel
stopcock.

With a Pasteur pipet, add about
1.5mlofthe 3% TCA solution.
Letit stand for 15 seconds.
Carefully open the reaction vessel
stopcock and collect the solution.
Close the reaction vessel
stopcock.

With a Pasteur pipet, add about
1.5 ml of nitromethane.

Carefully open the reaction vessel
stopcock and collect the solution.
Close the reaction vessel
stopcock.

Open the aspirator 3-way
stopcock to atmosphere.

Remove the reaction vessel from
the test tube and id it with

the cycle number i trityf yields are
t{o be determined.

2. Removal of TCA

2.1

Disconnect the aspirator line from
the sidearm of the test tube.




2.2 Connecl the aspirator ine to the

fiter flask.
. 2.3 Mount the reaction vessel on the

filter fiask.

2.4 Open the aspirator 3-
stopcock to vacuum. i

2.5  With a Pasteur pipet, add about
1.5ml of nitromethane to the
reaction vessel.

2.6  Open the reaction vessel
stopcock and drain the solveni.

2.7 Close the reaction vessel
stopcock.

2.8 Open the aspirator 3-way
stopcock to atmosphere.

2.9 With a Pasteur pipet, add about
1.5ml of nitromethane.

2.10 Replacethe caponthe
reaction

2.11 Remove the reaction vessel from
the iilter flask.

2.12 Agitate the reaction vessel to
suspend the silica.

2.13 Remount the reaction vessel on
the filter flask.

2.14 Open the aspirator 3-way
stopcock to vacuum.

2.15 Remove the septum from the
reaction vessel.

2.16 Open the reaction vessel
stopcock and drain the solvent.

2.17 Close the reaction vessel
stopcock.

2.18 Repeat steps 2.5 through 2.17.

2.19 Repeatsteps 2.5 through 2.17
twice with methanol.

2.20 Repeatsteps 2.5 through 2.17

R twice with comme:dal reagent

grade acetonitrile.

SAFE STOP

A 2.21 With a Pasteur pipet, add 1.5ml of

commercial reagen: grade
acetonitrile.

2.22 Placea ncw:gmm caponthe
reaction ves
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223
2.24

Open the aspirator 3-way stop-
cock to atmosphere.

Turn ofT the aspirator.

3. Preparation for Addition

31
32

3.3

34
3.5

36

3.7
3.8
3.9
3.10
ain

3.12
313

314
3.15

Remove the syringes and the
plungers from the oven to cool.

Close the needle valve of the inert
gashacuum aspirator system if it
is open.

Adjust the inert gas 3-way stop-
cock so that the inert gas lines ter-
minated with hypodermic
needles are closed but the path
leading to the vacuum desiccator
is open.

Tum on the inert gas.

Adjust the vacuum 3-way stop-
cock so that the vacuym desicca-
tor is not connected to the vac-
uum pump but the desiccator is
connected to the needle valve in-
ert gas system.

Very carefuliy open the needle
valve while monitoring the bub-
bler, keeping a posilive pressure
in the inert gas system (bubbler
must continue to bubble slightly
at all imes).

Continue to open the needle
valve until the desiccator has
come to ambient pressure.

Twist the collar of the desiccator.
Remove the vacuum hose from
the desiccator.

Close the needle valve.

Adjust the vacuum 3-way stop-
cock to open the pump to
atmosphere.

Turn off the vacuum pump.
Adjust the inert gas 3-way stop-
cock so that only the gas flines ter-
minated with hypodermic
needles are open to the inert gas.
Open the desiccator.

Quickly remove all of the needles
from the reagent botiles and



3.16

317
318

3.19

3.20

321

322

323

tubes sealing them from
atmosphere.

Remove the tube containing the
DhoramIes 1o be added o~
one tube of tetrazole. (Remember
that the first dimethoxytrityl nu-

cleoside pbosmunld!n added
is the second ine3 end.)

Place stock bottles of phosphot-
amidites into the desiccator
Remove the screw cap from the
anhydrous acetonitrile and
quickly recap with a rubber sep-
tum. Insert a needle from a gas
ine through the septum of the an-
hydrous acetonitrile bottie.

Insert the Yaml syringe needle
into the anhydrous acetonitrile,
draw up to fill the syringe and dis-
pose into waste.

Insert the Yaml syringe needle
into the anhydrous acetonitriie,
Jdraw up 100ul and add to the
tetrazole.

Vortex the contents of the tetra-
zole tube until all of the tetrazole
is dissolved.

Insert the Yaml syringe needle
into the anhydrous acetonitrile,
d% up 100ul ar:jd; ad% to the di-
methoxytrityl nucleoside
phosphoramidites.

Vortex the contents of the dimeth-
oxytrityl nudeoside phosphot-
amidite tube until itis dissolved.

4. Addition Reaction

41

4.2
43

44

Insert a needle from a gas line
through the septum of the reac-
tion vessel.

Turn on the aspirator.

Open the aspirator 3-way stop-
cock to vacuum,

Carefully open the reaction vessel
ﬂop:‘ﬂ to drain the solvent,
then close immediately. Monitor
the bubbler making sure the gas
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45

46

47

48

49

4.10
4.11
412
413
4.14

4.15
4.16

417

4.18

419
4.20

4.21

is set so that a vacuumiis
not crested in the inert gas
system.
Insert the 1mi syringe needle into
the anhydrous acetonitrile and fill
the syringe. Dispose into waste.
Insert the 1ml syringe needle into
the anhydrous acetonitrile, draw
up 1ml and add the solvent into
the reaction vessel.
mopm the reaction vessel
st to drain the solvent,
then close immediately.
Again, insert the 1ml syringe
needle into the anhydrous acete-
nitrile, draw up 1ml and add the
solvent into the reaction vessel.
Open the aspirator 3-way stop-
cock to atmosphere.
Remove the reaction vessel from
the fiiter flask.

Agitate the reaction vessel to sus.
pend all the silica.

Replace the reaction vesse! onto
the filter flask.

Open the aspirator 3-way stop-
cock to vacuum.

Carefully open the reaction vessel
stopcock to drain the solvent,
then close it immediately.

Repeat steps 4.6 through 4.14.
Insert the 1ml syringe needle into
the anhydrous acetonitrile, draw
up 1mi and add the solventinto
the reaction vessel.

Carefully open the reaction vessel
stopcock to drain the solvent,
then close immediately.

Open the aspirator 3- stop-
cock to atmgghere. weysiop
Turmn off the aspirator.
Insert the Yaml into the
anhydrous acet , fill and
dispose into waste.

Remcwve the gas ine from the an-
hydrous acetonitrile bottle and in-



4.22

423

4.24

4.25
4.26

4.27
428

4.29
4.30

431

432
433

S. Capping

5.1

52

5.3
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sert the needie into the rubber 5.4 Remove the gas needles from re-
stopper plug. action vessel and Aand Cap
Insert the Yaml syringe needle Bbottles and insent needles
into the tetrazole solution, draw into the rubber stoppe: plug.
u“ialom\cso!uﬁonmdaddtc 55 Rm;:velhenacﬁmwsselfrom
reaction vessel. the filter flask.
Insert the Yaml syringe needle S.6 Agitate the reaction vessel inter-
:xg:ﬂn ityl nucleo- mittently for S minutes to sus-
phosphoramidite solution, pend the silica.
draw up all of the solution and S.7 Replace the reaction vesse! onto
add it to the reaction vessel the filter flask.
Remove the gas kne from the re- 5.8 Open the aspirator 3-way stop-
needle into the rubber stoppex 59 Removethe gas fine from the
the filter flask. plug it into the rubber stopper
Agitate the reaction vessel inter- 5.10 Tum on the aspiratoe
mmmtlvm J:' Sﬁminutcstosus- 5.11 Remove the septum from the re-
' the reaction vessel onto 5.12 Open the reaction vessel stop-
ites fask. i cock to drain the solvent.
Reconnect the gas line to reaction 5.13 Close the reaction vessel
;:::ein the aspirator. stopeock.
) 5.14 Open the aspirator 3-way stop-
Oper the aspirator 3-way stop- cock to atmosphere. wey
cock to vacuum. 5.15 Turn offthe aspirator.
Carefully open the reaction vessel e
stopcock to drain the solution, 6. Oxidation .
then close it immediately. 6.1 W‘;t‘lh afl:gsth:j?zt&d, :.cli:'j about
Open the aspiralor 3-way stop- (O 1M1, in watex/2 6, uticine/
cockio aumosphere THF 1:10:40) to the reaction
urn cff the aspirator. vessel.
6.2 Replgcc the septum cap onto the
Insert needles from the gas fines reaction vessel.
g‘;?ubou‘ the CapAand CapB 6.3 &?&c:: ﬂ“z:: l:cacuon vessel from
es. .
Insert the Yaml syringe needle 6.4  Agitate the reaction vessel to sus-
into the Cap B solution (6.5% di- pend the silica.
meth i in THF). 6.5 Replace the reaction vessel on the
Drawup 0. 133"\! and additto the filter flask and let stand for 5
reaction ves: minutes.
Insert the Yam! syringe needle 6.6 Remove the septum from the re-
into the Cap A solution (acetic an- action vessel.
hydride/2,6-lutidine/THF 1:1:8). 6.7 Tum on the aspirator.
Draw up 0.15ml and add it to the 6.8  Open the aspirator 3-way stop-

reaction vessel.

cock to vacuum.



6.9 Open the reaction vessel stop-
cock to drain the solvent.

6.10 Close the reaction vessel
stopcock.

7. Removal of lodine

7.1  With a Pasteur pipet, add about
1.5ml of methanol to the reaction
vessel.

7.2  Openthe reaction vessel stop-
cock to drain the solvent.

7.3  Close the reaction vessel
stopcock.

7.4  Open the aspirator 3-way stop-
cock to atmosphere.

7.5 With a Pasteur pipet add about
1.5ml of methanol to the reaction
vessel

7.6 Replacethe czponthe
mcﬁonv:s::[mm P

7.7 Remove the reaction vessel from
the filter flask.

7.8  Agitate the reaction vessel to sus-
pend the silica.

7.9 Replace the reaction vessel onto
the filter flask.

7.10 Open the aspirator 3-way stop-
cock to vacuum.

7.11 Remove the septum from the re-
action vessel.

7.12 the reaction vessel st
modninthesolvcm. o

7.13 Close the reaction vessel
stopcock.

7.14 Repeat steps 7.1 through 7.13
once.

7.15 t steps 7.1 through 7.13
e b R
for methanol.

7.16 the as, 3-way st
Cto simiapere "2 $1oP-

7.17 Turn off the aspiratoz

7.18 Disconnect the aspirator vacuum
hose from the Glter flask.

SAPE STOP

Ofleft overnigh,

seplum.

b cap the reaction vessd with s new

- &4 -

7.18 Clean the syringes as described

under “Preparation” steps 10
and 11.

The cycie is now complete. Repeat the cycle
beginning with Step 1.1 with the appropriate

nudleoside phosphoramidite

dimethoxytrityl
until the desired length is achieved.

8. Trityl assay.
The high absorbance at 498nm (E = 7.0 x 16%)

ofthe

ityl cation which was fiber-

ated during detritylation affords an assay of the
coupling effidency of each nudeotide addition.

8.1

82

83
84

8.5

8.6

Determine the volume (V) of the
trityl solution collected in the test
tube with side arm.

Remove 0.1ml by syringe or pipet
and dilute into 3ml of 0. 1M tolu-
enesulfonic adid in acetonitrile.
Read and record the absorbance
(A) 2t 498nm.

Calculate the quantity (in pmoles)
of trityl:

AxVx31 (diution factor) = umoles trityl
70 mi pmol-* m. Seotde
Rinse the test tube with side arm
and the spectrophotometer cells
exiensively with methanol, then
acetone.
Repeat 8.1 through 8.5 fer each
trityl solution if step yields are to
be monitored.
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V. Oxidation
OUTLINE OF SYNTHESIS PROTOCOL Treauhesugpon for S minutes with 0.1\

I, in H,0/2.6-lutidine/THF 1:10:40
V1. Washing the Support

Wask: and rinse the support twice each

with methanol

Wash and rinse the support twice each

with nitromethane

L. Detritylation
Treat for 12 minutes with 3% trichloro-
acetic acid in dichloromethane

Rinse with 3% trichloroacetic acid in
dichloromethane

Rinse the support with nitromethane.
. Support Wash
Wash and rinse* twice each with
nitromethane
Wash and rinse twice each with methanol

Wash and rinse twice each with commer-
cial grade acetonitrile

Add acetonitrile 1o the reaction vessel.
ll. Addition

Seal the reaction vessel under inert gas,
drain the acetoniirile and wash and rinse
twice each with anhydrous acetonitrile
Dissolve the dimethoxytrityl nucleoside
phosphoramidite in anhydrous acetoni-
trile to give a 0.2M solution

Dissoive the tetrazole in anhydrous ace-
tonitrile to give a 0.5M solution

Treat the support with tetrazole and the

dimethox!lmyl nucleoside phosphorami-
dite for 2-5 minutes with inmmigcnt
agitation

V. Capping
Treat the su with 0.15ml of 6.5%
DMAP in THF and 0.15ml 2,6-futidine/
acetic anhydride/THF (1:1:8) for five

minutes *A wash inchudes sn sgitation siep, 8 rvie does Nt




DEPROTECTION PROTOCOL

Discussion

Upon completion of the synthesis, four steps
are necessary to yield biologically active DNA.
These are:

1) Removal of the phosphate protecting
groups (methyl) to transform the
triester phosphates tc diester
phosphates.

2) Alkaline hydrolysis of the oligonu-
cleotide from the support.

3) Alkaline hydrolysis of the base pro-
tecting acyl groups from the adeno-
sine, cytosine, and guanasine
residues.

4) Protic hydrolysis of the dimethoxytri-
tyl group.

The chemistry of the deprotection is
straightforward, howzver, a number of facts
should be considered. Thiophenol, used in the
removal of the methyl phosphate protecting
groups, should always be handled very care-
fully. In addition to its corrosive and toxic prop-
erties, it produces a long lasting stench. Thio-
phenol should only be handled with gloves in a
hood. The sulfur is readily oxidized by com-
mon household bleach. All contaminated
glassware should be neutralized with bleach. It
is also advisatle to have bleach availabie in
case of a spill.

Concentrated ammonium hydroxide is
used to cleave the oligomer from the support
(at room temperature) and to remove the base
protecting groups (at S5°C). The concentration
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of the ammonium hydroxide is criticalin these
steps. The ammonium hydroxide should al-
ways be used in a hood and kept in the refrig-
erator when not in use. When in use, in either
reaction, the container should be well capped
to prevent anv loss of ammonia.

MATERIALS AND REAGENTS LIST:

1) 15ml graduated conical test tubes
2) Pasteur pipets
3) Pasteur pipet bulbs
4) Rubber septa (Aldrich #210,076-5)
S) Copper wire
6) 55°oil bath
7) Evapomix or spin evaporator to
lyopholize volatile solvents
8) 10-15m! screw cap test tubes
9) Applied Biosystems Part #400030
thiophenol/triethylamine/dioxane
1:2:2, or equivalent
10} Reagent grade dioxane
11) Reagent grade methanol
12) Reagent grade diethylether
13) Concentrated ammonium

hydroxide
14) 80% acetic acid in water

15) Bleach

16) Solution of 0.01M TEAB
(triethylammonium bicarbonate)

17) Sephadex G50-40

DEPROTECTION STEPS

1) Conversion of the triester to the diester

1.1  Witha Pasteur pipet, add 1.5ml
diethylether to the reactior;
vessel.

1.2 Tumon th : aspirator.

1.3 Openthe aspirator 3-way
stopcock to vacuum.

1.4 Openthereaction vessel
stopcock to drain the solvent and
allow the support to dry.

1.5 Closz the reaction vessel
stopcock.



1.6 Openthe aspirator 3-way
stopcock to atmosphere.

1.7 TumofTthe aspirator.

1.8  Remove the reaction vessel from

the filter flask.

1.9 Invert the reaction vesselinto a
15mli conical test tube and collect
the silica.

1.10 Rinse out the residual silica from
reaction vessel with dioxane and
add it to the conical test tube.

1.11 Centrifuge or allow the support to
settle.

1.12 Carefully decant the dioxane.

1.13 With a Pasteur pipet, add 1ml of
the thiophenolrie!
dioxane 1:2:2 solution.

1.14 Quickly cap the conical test tube
with a rubber septum.

1.15 Quickly cap the thiophenol/
triethylamine/dioxane solution.

1.16 Quench the thiophenol on the
Pasteur pipet with bleach.

1.17 Vortex the conical test tube and let

it stand 45 minutes at room
temperature.
2) Washing the Support

2.1 Remove the septum from the
conical test tube and place it in the
bleach.

2.2 Decantthe solutionintothe
bleach taking care to avoid loss of
silica.

2.3  With a Pasteur pipet, add about
Sml of dioxane, vortex (or agitate)
and centrifuge (or allow to settle).

2.4 Carefully decant the solvent.

2.5 Repeatsteps 2.3 2and 2.4 four
times with methanol. :

2.6 Repeatsteps 2.3and 2.4 once
with diethylether.

2.7 Letthesilicadry.

3) Hydrolysis of the Oligomes from the
Support

3.1 Remove the concenirated ammo-
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3.2
33
34
35
3.6

nium hydroxide from the
refrigeratoc.

With a Pasteur pipet, add 1ml of
concentrated ammonium hy-
droxide to the conical test tube.
Place a septum on the test tube.
Fasten the septum cap with cop-
per wire.

Replace the ammonium hydrox-
ide in the refrigerator.

Allow the reaction to proceed at
room temperature for 2¥2 hours
with periodic agitation.

4) Hydrolysis of the Base Protection Acyl Group

41
42
43

44

45

4.6

4.7
48

49

Remove the concenirated ammo-
nium hydroxide from the freezer.
Remove the copper wire o re-
jease the septum.oon the test tube.
Remove the sepium and carefully
decant the solution into a test
tube with a tight fitting screw cap.
Remember that the product is
now in the solution and no longer
bound to the silica suppont.

Cap the tube.

With a Pasteur pipet, add Imlof
ammonium hydroxide to the con-
ical test tube containing the sup-
port, vortex (or agitate) and cen-
trifuge (or allow to stand).

Carefully decant the solution into
the test tube with the tight fitting
screwcap and cap.

Cap the ammonium hydroxide
and place it in the reirigerator.
Place the test tube containing the
oligomer into the 55° bath for 8-
18 hours.

Lyopholize to remove the ammo-
nia. If trityl selection reverse-
phase HPLC is to be used to pu-
rify the oligomer, a volatile base
such. as triethylamine should be
added drop-wise periodically
during lyopholization to maintain
a basic environment.



4.10

4.11
4.12

4.13
4.14

4.15
4.16

4.17

4.18
4.19
4.20
4.21
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The oligonucleotide is now in the
proper form for purification by tri-
tyl selection on reverse-phase
HPLC. After purification, continue
with step 4.11. if other than re-
verse-phase purification is used,
continue with step 4.12.
Lyopholize ine purified fractions
collected from the HPLC.

Treat the resuitant dry pellet with
80% acetic acid in water for 45
minutes at room temperature.
Lyopholize to remove all the
solvent.

Resuspend the pellet in ethanol,
vortex and lyopholize.

Repeat step 4.14.

Take 1p the pelletin 0.2ml 0.01M
TEAB.

Desalt on Sephadex G-50-40 us-
ing 0.01M TEAB as the mobile
phase.

Combine the first 3m! which
show absorbance at 260nm:.

Lyopholize to remove all the
solvent.

Resuspend the pellet in ethanol,
vortex and lyopholize.

Repeat step 4.20.

The DNA should now be biologically active and
ready for purification and characterization by
gel electrophoresis.





