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Dia mpmsim of genetic mginaerinq tectmology in S>St developing 

oountries hlls bJ:ougbt forth eri.dence of a prcbl• vi.th i:eagen.ts Slg)ly. 'l'be 

p.xobl• is not caly a financial. one of filMling an adequate somce of foreign 

c::u:n:encies, tut in mny cases, the logistics for locally deliverilq deep-fmzen 

biological products sent fn::a abmad are not xoutine. This fact can be stronq 

justification for local. mamfactum. 

Dia averr.id:inq factor in tbe •mke or J::Juy'' decision is to meet a qmwinJ 

need for products in terbinq laboratories for stments and technical trainees. 

local ~on lends itself well to this particular need: few p:roducts, 

nae&ld in mlati.valy luge quantity, and for which tecJMical specifications may 

not be as exacting as for ~ reseuch products. 

8e9aral aspects of local mmufacturinq are adckessed in this report. since 

'.l'bai seimtists wxe interviewad and tbe cxmwmi cation of their experience bas 

been vary val.Ullble in tbe elaboratian of this study. 

Dia pi'Oduct:i.cn of tmZJWI, oligoaucleotides and biologi12ls were surveyed. 

Many products can be aide in~ quantities on a !al.oratory scale 

becen• they ue U98C! in vary ..U quantities. In tile <~ of enzJW, 

C}ID8tic emgiwm have 1111Plie4 their tecbnr:;lagy to tbeir OltA needs; they have 

~ strains that «Md.'p~ mzymas by tbe millions of units at shake 

flask ecale. 

Im' msJ and biological.a, a well-.qaippee! laboratory for mierd:>ial 

prodllCticm wt bio:Jwd cal purificaticm i8 nquind. ~iticn of 

bigb-pm&JCJnq stains ia 1111 important st.p. :ror strains that are not 

available ~ -rcially, or vbicb are under patent protection, an international. 
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effort sbould he organized for the mqineeriDIJ of ~ 

Iii.cm-organisms and their •mer,amt 4i.stril:uti.Clll to developing countries. 

llicrcbial. strains am 8ICh easier to transfer than t:beir prodl.1cts, and tbey 

could actually fonl tbe D.ICl.am of a :n.agent ~ hetwan devalopin;J 

naticms. 

:For daaKyoligixucl.eotides, eqidps •t available in mat organic cbmi.st1y 

1.aboratorles is naatled. Pea ;;,eats ant not •1'6USiva. A kit, offamd by several 

~en, (see ~ix 1) si~lifies mc>'l'WlllSly the ~ti.al ""l'lisiticn 

process and still gives the bmefit of ad:lstantial savings in labour. A 

gmet:ic mgineerinq grcq> r-chinq high productivity stages vill find a need 

for mny oligixucl.eotides and at that point t:be eor;pd•iticn of an ~ 

syntbesizer l:lecanes sensible. Dl the moica of a wcbh•, avail aM Ji t.y of a 

local maintenance sexvica sbould he of bigh mnsidenticn. 

Pnxk:ticn prablans vill JJe mcountemd minly in the pJ:Oduction of 

enzymes. '1'bey inclUISe t:be lacJc of an easy assay, vbicb oc:mplicates tbe task of 

cptiaizi?q pJ:Oduction and puri.ficatian proo1Ssas, and the aact:inq mquiraaants 

for final product purity. ~ probl- .ay he a high tmncwer in teclmical 

labour, becw'N initial efforts of this type am 1JS1a11y only taap>rarlly 

f\mdecl.. '1'be bign ,...,.. of proCll.1cts in •.m line .vmtuaily eraateta invantory 

prabl-. liMlvv, tlw 4ifficulti• can be wwww and t:be local pzoduction 

of l!98IJlllls tbm pemita local ~ of genetic mgiwri.nq tecbmlogy, 

eapeci.ally by ma1rinq the~ of tectmical peracu...i poa:lhle. 
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IliliUJtJCl'ltW 

Gmatic tmginaerinq is a relatively :nar discipline which bas pn:ipelled 

biotecbnology to the ~ --i tecbnologies capnble of iDpra9inq the 

eoonrwic wll-beinq of tbe world. Its contall'lated applications range b:aa 

bealtb to 9gricultuxe and to mvirommtal oantrol. 

~high tecbnnlogies, genetic engineerinq is mn•al by the speed vi.tb 

which it is spma4inq, both in develcped md develcpinq countries. Its basis 

in biological sci.meas has mat a reoaptiva audi.anoa mm:111q the bealtbcare 

~ prasant at least to 8Cll8 atent in wery country. 'lbe scope of 

its lllPlications has caught the attention of tNery teem. crat. Its reliance on 

:r• •rabl• rav mterials for larga-scale pmduction al.so makes it desirable. 

OCllpm!d to other high technologies, gnetic engineerinq requires :relatively 

little capital, in JW> as wall as in mnuf'actu:re. Finally, its reliance on 

fmmnt-ition as a major unit operation briJqS a fm.iliarity justified by the 

oanturi.es of ezper.ience many CCJmltries have &Nelcped in the preparation of 

fenmited foods and bavaragas. 

As a noul.t, worl4-cl.ass :rasea:rcb is alJ:8lldy beinq cxmc!ucted in a fflfll 

4twe1.q>i.nq oaunt:ries md aeveral international initiatives have been fo11118d to 

pzmobl the apJ:8ll4 of this new tecbMlogy. This nport is a result of such an 

initiative, lqlpOrted by the ~ for Industrial Pua>tion, Oonsultaticns 

and Tecbnology of the united Hatiom Industrial Davelopaant organization 

(tmDO). 

'!'be pmpose of the work is to define the standard bio:reagents !qJplies 

~ to J;IUfom genetic ~ J.amratory rasearcll, to analyze the 

financial and tedmical upects of pxo4acinq these bi:>reaqents in a &welcping 

oountry and to outline the 9tepl zwsrry to Mt up the pl.'OCJuction facilities. 

'1'be raticnale that p1'mlpt:e4 this stud'/ wa the apmM ot the •terial.8 (in 
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foreign curmney) and tbe cp:mt difficulty of ensurinq proper sbipnent 418 to 

the short life of dJ:y ice pacblges, :neoessa:ry for many of the magmts. 

Die specific tasks were rerievad in Vienna befoi:e the start of the stu!y 

and vill be di ...,JSSed in tbe followinq section of this report. 

Budgetary limits have ocmfined the stu!y to cne oount.J:y bit it is hoped 

that the results vill be useful to otller naticms. 
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z. BICIGRJ(H) 

~ 

'l'Jpically, tba ann•l cost of a ganat.ic engineerinq reaaaxcber' in davelcped 

ocuntria is UB$ 100,000, cut of which UB$ 15,000 is for nagmts and 

diapoable •Wli•. A tel~ 1RJn9f of labcmltori.• 8114 •Wliers yielded 

a cam ..._ ~ ctistriblticn a follOllS: 

- Cballicala, radiodlfwlcals: UB$ 5,000 

- Plastic-van md diapoMbl•: tJB$ 5,000 

- BiocJMwicals (Wj , pl.'d>as) : 111$ 5,000 

l!mDlllJ these thna major CJ1'0'P, cnly tba thir4 cne is of relevance within 

tba sccpe of tbis sbdy for the fol.l.oldnrJ nasans: 

a~ '1'be daciaicm for local mmlfacture of aglles of tba ti.mt two CJ1'C"P 

ooul.4 not be mda within tba oantat Of ganetic .enqj.nearinq ted'ft')logy 

b) Sbipnq pD:lbl- an not as acute for tba first 'tlllO cpxqMI, .,_ i.n 

tba mse of short-lived ndiol...,•. :rn any case, local proctgcticn of 

radiocbaaicala is not oftm an etQYDic cpticn in develcpinq 

oountries. 

For these nucns, tba procb:ts of intanst in this :npmt vill :be 

lillite4 t.o t:be thir4 g:tQJP, inclutinq: 

- baet at:ra.tn., wet.or ph=t(l9 mid oowld9, !dolog:taaJJy 411d.w4 .. 

a4 .. racbg:lnq 9J9t.m91 mid 

-o~, sllort la~ mid 8Jld:bKio gmm. 

'1'be amt of ~ pC" unit of ~ OllD be ~ to .. 1WJbu' in 

dMe1c:lpinq oount.rim for a;m:al ftM!:WWI .incz....s abipp:lnq d:istmoe, mnc-

cl-.rinq OOllta, bf.gNr li.Jralibooc! of la••• m4 11.- ai• of incll.vicllal 

ozdu9. Ql tba otb£ lla4, it ia not ~ that tba ,_rly oost pC" 

Wftlbar will .. mlf higber tllaD in ~ oouctrie9 u dll9 to lll9Jm-
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bld)atm:y ocmtrainta, :better utilizatian of the ~ vill be the rule and 

tba strategy for~ '5asi.gn vill be to ainjaise the •lllhu" of i:eagents 

invol.vad in a qiwn project, even if it nsults in a higher mvv--r 

nqutrmmt. 

Rlgudinq tba c:boice of the locale for this stul!y, the early start of 

,,_.,land (1981) and its naticmal. ocmd.blmt to genatic enginaarinq and 

biot«:tmol.ogy mde this ocunay a logical candidate. '1'be fact that a ~ at 

llabicJol md.'VaJ:Sity in lbmtJ1'X* bad started local proctgction and dist.rihlti.on of 

several of tha ~ cxmsidend in this study was also a balpful 

consideraticn. on. tiwlnq of the visit to 'l'bai JancJ coincided with a tectmical 

s f mr cmJBDized bf t:be Katicmal. cmter for Genetic Dginaeri.n; and 

Biotecllnology, in which a papar was presented bf this grcq», relat.i.D; their 

mperim in wtinq and dist:riJ:lutiDJ biol:eagants. 

muntri•, pnlbl- and cpportuniti• encountC8d then may be drmm qx:m by 

otb8r nations in arrivinq at u ·~of bl.IJ'' decisian for bio:r:eagents. 

Metbpdology 

on. data for this stur!y wm gatbm:ed in two distinct phases: a "field 

studJ'' pbase, oansistinq of a ae.ri• of intervianJ with various CJJ:tq>8 L"'l 

Bm•Jkc*, 'fbai land, and a tedmical phase, ocmsistinq wtly of telepbcne 

~ with u.s. gmKi.o mgineeriDJ laboratorl.M, bio1W891Dts 1q1plien 

ftb1e 1. '.l'bl ~ Wl"e omt.-.4 CD t:b9 gmKi.o mgineeriDJ 0 ..,.anmt Of 

1D4iftaa1 ptojecta, an t:b9 ~ and avail..i>ility of bionegmta ad an 

tlle ....U ar !luJ'' i-~DJ gmM:io mgineeriDJ atarial.a. 

ID tlla Dlited stat., major ._itan of bionegmta - ocnt:aota4 bf 

tel..,_, at ti. i...i of ..i. mlBJll'9• '1'b9 pD.'CbuillCJ ~ Of two lArcJ9 

gmKi.o m;iwring c+ +yiDJ• Mn al90 oaatlloted. 0. tec:lmical ~ CD 
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ll. JU'!l.RTC 1iCID PR>CESS"lO BllDMES 

'l'b8 tools of genetic emiineerhp 

BnZJW capable of syntbesizinq, cutting, pmtectiDJ, and splicinq mx:l.eic 

acids truly constitute the tools of the genetic engineer. 1ftlile this mport is 

not intandad to he a aaholarly tmati.se en tbe subject, this sbort section will 

prori.da a f• ~nj ti.om for tba layman. 

'.l'tle genetic mt:erial of BK>St livinq organisms (found in du:<11ll)Sl"l!IPS) is 

ctoub1e stranded Im, a lineu" polymr of four different nucleotides. Tbe order 

of tba sequsnce d8teJ'ni nes tba genetic info:nnatian. 'l'be two strands ue 

caiplanmbu:y, like a mould and its casting, giving ma an inherent capability 

for sel.f-xepn>ducticn. Si.Jqle stranded ma is a worJd.D] copy transcribed fraa 

JR. 

Rastricticm emon11cleases cut. double stranded ma always at the same 

lllJCl.aotida sequmoe at a p1'9Cise spot in the sequmce, often leavinq overhangs. 

It is tb3n possib1e t.o mix ma•• o:aa different species p:rooessed by the sane 

nstriction endonucl-- and 11splioe'' ran&nly new gmetic sequences. Li.gases 

an than usecS t.o ocwal.antly bind the rearranged qenetic material. Reverse 

transcript:ases are used t.o synthesize mm fi:an ~. Various m.JCleases and 

polymerases are used to advantageously motti.fy mm pieces t.o achieve desired 

results. 

Using' these various tools, it is possible t.o modify a bacterilD or a yeast 

110 tbat it will .U a nman hoi:mone, for ~le. 'l'b8 list of qenetic 

~ _,... is gmrinq with tim, and it is difficult to Dip traclt. A 

price li8t dated Winter 1986 for.,_ England Bioletls, Inc., one of the most 

ompnbmaiw -wlien, is included in .lppendix 1, u a npnsantive ~le. 

sUc:. tbia price list was pu:,lishe4, th8y have added an average .of one new 

prodlJct per manth. Altbougb tM prodUct liJst is very lonq, it should be 

point.s out tbat qmetic mgineerinq ~ en ~ designed using only fflftl 

pmtllcU, .vm if lldditional labom" ia required. In dwelcpinq countri• 
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estabUsbinq nev genetic engineerinq capabilities, a bandful of tmZp195, such 

as EooRI, PstI, T4 ligase an4 a :far others are sufficient at least f.:>r traininq 

Devel.cpinq countries vi.th a beadstart, such as 'l'h2dl.and will have 

m CX111plex requllanents as time goes on, tut their capabilities in 

self-supply vill also gmw mom scpi sticated. A9 will be sbown in tbe 

eoco:wics section of this cbllpter, it is possible to lllBDU:facture ccm.J:Ci.al 

quantiti• of them o-ruy usacl enzyw using only labora.toey scale 

equip?rt, because ganetic anginaers have been vmy ~sful in llpnJriD; the 

prodl.lcti.cn of tbe tools of their trade. 

:If a derision to tuy rather than to manufacture is made, a list of 

sqipliers can be found in Table 2. 



-8-

Table 2. Manufacbu:ers of C@letic M!!hwpjm products 

O•INUIY WNss 

.lpplied Biosystals Oliogo- 850 Lincoln centm Drive, 
Inc. DJCJ.eotidas l'OSt8r City, CA 94404 

ma synthesis ta 

Bethaada P.ll9earch Bnzyms 8717 Glovmait Ci.J:cle, 
Labm:atories Biulogical.s Ga:i:tharsbmq, MD 20877, 

ta 

Bioseaxt:h Oligo- 2980 Jre""'l" Blvd., 
DJCJ.eotidas &ml Rafael, CA 94901 
ma synthesis ta 

Boehringer Mannbe.im Enzymes P.O. Bar 50816 
Biodwni cal.s Biologicals :Indianapolis, DI 46250 

us 

Boebrinqer Mannheim .. sandbofferstrasse 116 
QnJ:il .. 6800 Mannheim 31 

:rm 

1feW Engl.and Enzymes 32, Tozer :aoad, 
Bio labs lb:leotides Beverly, a 01915-9990 
Inc. Bioloqicals ta 

ft'cllaga Biotecb EnzyaMS 2800 s. l'ish BatchaJ:y Rd. , 
(Allied Signal) Biologicals M11<U800, WI 537U 

OD 

Sigma C'hllDical :an.,_ P.O. Bax 14508 
01C1811Y JaJcl.eotide8 st. Iouia, II) 63178 

Bioloqicals ta 

Takara CO. Ltd. BnZJMS ShillogJO-Jm, Biaaei Sijo, 
Kyoto, 
JUAll 

Vega OU.go- P.O. Bax 11648 
Bioteclmologi• nucleotid98 '1\JC80n ~.z 85734-1648 
Inc. I& syntbMis ta 

~ M Biocfwtl cal• JaJcl.eotide8 10-7" Anoi-cibo 2 Clbclm, 
BnZJM9 Cboilhi, daiba-an 288 

JUA1f 
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Raticmale for local pro!b:ti.an 

Dl tbe process of inteniari.DJ various gDqJS in 'Bllrf7dt, tbe prmi88S for 

this atul!f WEa tested not anly to validate initial ~ons, llut also to 

1lDJCJWlr additicnal aspects, paaitiw or negatift, potentially affectinq a •mte 

or bl!'' daciaicn for bi01ll8)lllta uaad in gmetic techmlogy. 

cost 

'DmuJh 4imct intervialS and telephone calls vi.th local llp:>rters, the 

total illport voluna for ganat:ic aD:Jineerinq tilZJW into Thai land duriDJ 1985 

was estimated to be UB$ 20,000. '1'bis volwa mat the need of three mseu:cb 

gJ."Clq)S. Ole of tbe gDqJS (lfahidol) llCCOUllted for 50 per cant of tbi.s mmunt, 

and tbe other gD:lq)S wm:e estimated to account for 25 per cant each. While 

this is a significant am in tems of overall msearcb budqet:s, dewmd for 

tbase enzyms will have to inmmse significantly to justify local manufacture 

cm cost alcma. A laJ:98 incrase in ..._,,, can be pmjected. 1's an illustration 

of this g1'0Wth, gmetic ~ matarials llllde at Mahidol have al1'9B4y been 

1q1plie4 to 21 scientists frCIR eigbt universities and two 1'8S8UCh institutions 

durinq 1986. At tbe ._ t:U., availability of nar siwliem will tend to 

lW" tbe unit price due to """'6ti.tive pressure. Consideration of a regional 

(mlti-naticnal), ratJler tbln national 1q1ply might mate tbe ooncept o: local 

p%'0duction mom feasible frcm an ecavni c point of view. 

Foreign CU1DDCY ayaiJMility 

At least pr11aantly in 'l'bailan4, foreign curnncy availability does not sean 

to be a •jor p1'Cbl• in Clbtaininq r.triction mdonucleuea an4 otblr mZJW• 

s..im::al of the projeot:a an .upportad by foreign or intemational aqmd.•• 

grant8. Qlly tor tboee locally oriqinated pmjects does fonign currency ... 

to be a ldndnnce. a. local ...s. an projected to inm.we in tbe future, the 

prabl.R of cm:nDOf my NO'• •iCJnificant. 
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Sbjrpim difficulti• 

'ftds :b a vm:y real prabl• for dBve1.opinq OOIJlltries. kxxmliDj to the 

qrcqis intervi...cl fOr this stm!y, tba pnlblaa ms been solved in '.ftudland bf 

placing an 11insidu'1 in the cust.cas office to speed q» the processing and mke 

sm:a tbat f1'ozen p1"0CJucts an quickly transfen:ad to adequate tmezers. other 

favourable factors in Bangk<* include tha PMKlldty of a vel.l.-sm:vad ail.port 

and the ava:iJabjJjty of an emoellent tel.,,._mications neblork vbich pemits 

tba t:.raddJ:q of pm::base OZ'dars. As a msult, .ngular oxdms am filled in 

about thne weeks, an4 J::USh oxdars in as little u cne waak. 'l'bis situation is 

not typical of all cJevel.opinq CDUDtries. A real possibility could be that as 

the market deYel.ops in these nations, ~liars will •ttall>t to cJevel.op more 

stable pl.'Oducts, for exillll>l• in lycpbil ized fom. B:Mwer for the present, 

shipping delays for deep-fmzen magmts an a real incentive for local 

manufacture in most &weloping oountri•. EXcept for a far mzymes, such as 

!b:1ease fn, R.lelease Pl, or IBase :I, most mzyms are available only in ft'ozen 

solutions and an vm:y unstable once tbmlad. 

Teaching and training neecSs 

'1'be luqest nquiranent for bionegents will pi'd:abl.y be for teacbiD;J and 

trainirq students in genetic engineering techniques an4 to tqJply workshops 

designed for c:>ntinui.nq ec!ucation or retrai.niJq of technical personnel.. 

university labontori• will need ft.'-\:liction endomlcleases and other enzymes 

in sizeable quantities several tiMs fNer/ year. ExperiJDanta for stuctents can 

be designed UQmd f• pl'Oduct:s, tut th9 usually large mll!ber Of studmlta in 

eadl cl.us can run q» the oost of •terials, eepecially if these an iJlporto4 

an4 paid for in :tm:d eurnnci•. At tbe ._ tim, pn:lbl- aaaociata4 with 

strinqent quality oontzol of pmdlJCt:a an not :neceaaarily of major np,rtance 

in a teaching enYimment (w :nat Metion en pzoduction) • ~\t least, 

initially, the lqlply of •teriala for t.cbinq laboratori• may be the 

~ justificaticn for local Jllllmfacturinq. 
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otbar .x.ivaticns 

Genetic mgineerinq bas elicited mJCh ant:Jwmiew in may oauntrl.• and a 

strcmg .x.ivatian for loml bior=ti-ical emgineen to Bllgiort: heme pro&Jcticm of 

bi01Wj6Dts is a gmui.ne dashe to be :imol:vad in that acitinq tec:lmology. 

'l'ha c:boioa of nstri.cticm enzyw as an initial p1'0duct target is an aceJJent 

cna since tbey am law volu. and bigh value prob::ts, mquirlnq little capital 

invest:llBnt, often feasible with a:i.stinq eqnipwmt. 

'l'ha tniniDq upect (i.e. acquirinq nar skins for biotec:lmicians) is of 

limited value a. to tlle npetitiva natm:e of tlle 1110lk, at least for tlle 

prlncipel 8 involved. 

ovman, tlle •..ue or tluJ'' <1ec:laicm for gmet.ic engineerinq empts is tba 

msult of a llJl.titulla of factors. Iocal mmmfactm:e of scma of tlle WJ as is 

a sound practice for many devalopiDJ oountri.•, especi.•lly if sbippiDJ delays 

ue axpected. <me of tlle major benefits of local producticm will be a low cost 

lqlply for uni.varsity laboratories and wmkshops. 

Production 

ID this section, tlle p%0ject :for producticn of ganetic -terial.s at Mahidol 

university will be deacribad. .11aXJ aeveraJ. types of .bioreaqmts, a selected 

·~ of enzyw bu been or will :be pmduoed, including tm:ae rast.riction 

8Dbmcleases (F.ooltl, Pstl1 and :e.m.) , and one ma ligue (T4 ligase) • 

Production equii-it involves only 8bake flasks and abaJd.ir:r inolbatom. 

Purification equiplmlt ocmsists mainly of cmtrifuges and chrmatogxaplly 

col.._.. 
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Tth1 • 3. 'M'wtic '!dP"rim •11 ?? !!!!Mrtfm 

400,000 

120,000 

120,000 

15,000 

274,000 

5,500 

Qistrlblt.e4 

(units) 

a. of t:ba major ~ mcountemd in t:ba ~en of mstrlcticn 

....,, nJC] ... ia t:ba lack Of a fast 11114 reliable 118811J- IJnl ite ..t othar 

Wj FI for wld.cb apecLDiplanleb:ic ·- j& CllD be dllv9lClpe4 t:Jm:x9l the use of 

dw+qefc 8dl8trat., mst.rict:icn Wj EB nquin t.bJe 0'"9'wfnq and 

fat.idiom ~nm. As a zmult, ~ pxd>lms can be difficult to 

tmc:Jt, and y.lel4 optiJlbatian is a pa:lnM.ly Blolf process. 

llm'Uicaticn can al.90 be a difficult prcbl.m, becwwe other mmeic acid 

prDC'ITTJnq Wj IT cannot be P.E•mt without .uinq tlle pnpuaticn 1..i.a. 

omatat.mnt pr:oteam CllD 8190 OCDtriJ:uta to i.ncnue4 imtability. '1'b9 lack 

of - -.y _, also ~ to ditfioultiM in ~ an4 opt.ild.zinq 

pid.fioatial pi."CI c ...... 

tumoNr malllJ tedmiclw., '1'bia prcblm - ~ in put to tlle llbort t.. 

flmctlnq of t:ba pivject, oantr.llm:inq to jab im1curity. After t:nininq, vbich 

at. about ms m:mtm, ted11dciw an bslpte4 to ... m llbble mpla,...t, 

...,.m.lllly vitll tm gave• nt, vlddl ia vi...s u a 8table -.plopr. A rmr~ 
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tw:mjcians. 

'fte present mid fubmt (at least in tbe short tam) mm.t for bi.oreageat:s 

is not cansidemd sufficiently largia by tbe pmject principals to justify tbe 

cmat.icm of a D8lf entez:prlae, evm on a mgj.cmal. msis. 

A lcDJ tem prabl• for local pndrtion is tbe ml.tiplicity of procb::ts 

invol.wd, may of 1lbicll am cnly ranly n11~. out of about 500 kDclP.l •ICl.eic 

~4 prooesshag WJ as, cmly 120, of cliffumt apecificities, am ~y 

avajlable mid cnly a aosan or no am uaed fnqumtly. It 1ilOIUl4 be vm:y oostl.y 

to -.intain inventories for a oe11plete p.1'0Cb:t line vith only a local mm.t to 

satisfy. 

Finally, a prablaa 0-11 to all w endeaouES is tbe lc:mq tiae n11'5e4 to 

gain BULficient canfidanca in tbe procb::ts, for tbe mmJfactumrs as 1Mll 83 

tbe 1W8. '1'his is not a pxd>l.aa pr1:1mUy in 'J'haUanc'I, since tbe procb::ts 

made avai table ao far ba9a bem cli.strituted fne of ella1'ge. It oauld be a 

prob1m if tbe grcq> ocnsidmed selliDJ tbeir procb::ts. lf8lmllbile, initial 

batcm. of procb::ts can be (and ba9a bem) used advantageously for teaching or 

Ecxmcaics 

ID this section, the pi:odUCticn ecmaaics of one nstriction endnnlCl.eue, 

Pat I, will be --1ned. About a dozm or ao genetic mqineerinq mzyw bave 

mm cklDe4 and owr mrprt•HL!, llD4 an tharefon wy to mnufacture in largie 

qmnt.tt.iea uainq ~ 9q1dv •t. '1'b9f include msiw U8ll4 oftm in JDa 

mnipalaticna, 8UCh • Boo JtI, BM m, Bind Ill, P8t I, '1'lq I, '1'4 lt.911• and 

T4 polJDJCleotide :tinue. l'9t I ia a good choice as a first candidate for two 

major nucll8: it cuta the pl...t4 pBR322 only once, vi.thin tbe i.ta-i.ct.... 

gme, oftm martinq m inNrticn, an4 caa mlecul• an fnqumtly imerted in 

the Pllt I site of a vector by a-c tailing ........ the ~ xegm.rates tbe 
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Pat X aite CD both ai.4- Of the iwrt, mkinq :ncavuy ...Y• '!be !major 90m08 

Of :lDfomaticll for this .val.uaticn is tbe lb.D. di.ssertaticn of 

Dr. a •e••• Y. 11al.dar (avail.able frca Qd.wmdt.y llicrofilas, Aml Al!x>r, 

Jti.dd.CJPD), PE•IDUy in tbe ~of BiocbmisUy at tbe uniwmi.ty of 

~, xom Cl.t.y, xc.a. ma. stniD of PJ'Ori"P;j• stmrtii CIOCSidm:e4 bHe is 

C)lll9timlly .,,..,..-1 ~ OWIL(IE"»k:tim of Pat X mill is ~y 

availwbJ.• a.. Dr. :rOM(lh al.ciar, ~ of B:l.ocbmisay, uniftr.Sity of 

xom, xom Cl.ty, Ulla. 'Ille price of t11e atrain vill nnect tba OClllt8lplated 

.... , i.e. it will J:Mt bicJbar' fQr c- n:ial nsale of tbe f.mzJmB than for 

:in-bama wme. '!he ld.gtwst price, ~ worla-wi.ae mploitaticn, is tB$ 10,000. 

nl"I'~• ~ ban bas not baall tested at tbe scale contmplated. It 

ws deri.ved apeMll•tivaly frca a p:mcess cSascrilJeC! by Dr. a•wne wal.dar for a 

batcb Ilise mch too luge to IMt of intenst to a laboratoxy in a davalcipinq 

oauntzy (i.e. 7.5 wiUion units per batch). lbN:ver, it sbcul.4 be noted that 

-- 8UCb l~ :bat.cbes ... ...se in ~· eqadpz •t bf Dr. R. 

1falder. ~ for tbe pmoaas an list:e4 in Table 4 and •terials and 

mtboCls an liste4 below • 

.l· stuartii pPBt 304, derived f1'tB .l· stuartii 164 by transfomation vi.th a 

plami.4 mde Of pBR322 and two ocpi• Of the Pst :I J:estricticn-moclification 

.,.a. (R. 1'alc1ar, 1984) • 

@min ltoDg!I 

CD.ymml .um: 2 Ill of en ONDWJht c:ult:me in m bl'oth frm cm sinqle 

oo1cmy with 2 al of n.ri1e qlyoezol ston4 at -20°c. 

I.uria BlVtll (Ia) ..,ar plat.m gram at 37°C a4 Dpt at c0c. 



QUanti.ty per mtdl: 

Weigbt.: 

ovm:an purification yield: 

Gress proCb:tion: 

cau activity: 

QUanti.ty ot cells requize4: 

Broth cell CIClDCBltration: 

Bat broth requincl: 

Assays, enporaticn 1osses: 

'1'otal. broth nquim4 for proCb:ticn: 

SbaJte flask size: 

SbaJte flask ocntent: 

• ....._. of IJulka flasks i:equimd: 

'Inocul.la mtio: 

Tmciilua smp1raticn 
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1,000,000 units 

0.3 SJ 

20 pE:r cent 

1.5 SJ 

150 u/111 paste 

33 grms cell paste 

10 q/1 cell~ 

3.3 1 

20 per cent 

41 

2.0 1 

400 ml 

10 

5 per cent 

Tbe - ..U.ua (IA) is used for inocul\lll mid p:t'Oduction: sterile 

mpicillin (200 llJ/1) is adcSe4 to sterilized and oooled LB bmth. A 250 ml 

sbake fluh ocntaininq 30 ml of IA is inoculated fJ:aD an LB agar plate and 

i.,,,,ate4 cwemight at 3.,0c in a sbaJtlnJ incubator. Three soo ml shake 

flasks cxmtain:i.nq 100 ml of IA are inoculated with 5 ml each fJ:aD tbe previous 

flask and i l!Qtiate4 avemigbt at 3.,0c in a sbaki nq i.,,,,Jbator. '1'Wo of the 

llbmb flub an seJ.ecta4 follolring' ld.ctd>iol.ogical --iution for moi:phology 

and g:l."098 oantminaticn. 

DmMPm!!rtfon 

11.ft:em ~litre llbaU naata oontaininq 200 ml IA each an inoculated 

with 10 Ill of inoculua fna tbe pr.ioua operation. The shake fl..U an 
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inoated at 3-,0C in a sbatinc;i :lDCdBtor avmnight or to an 00650 of 

o. 7-0.8 (late tlllpCDmtial plulse). The cells .u:e buftste4 by omtrifugation at 

2300 z q for 10 llinlta. Tiie pellets rm oollect:ed and frosm and ston4 at 

-2o<>c. U de:sized, procil.lcticn can he done at a mailer scale, and cells can 

be ac:a-.llated at tJds stage frca saveral ..Uer bltc:bas to about 25 gras of 

call paste. 

Pat I assay 

one unit of Pat I is tba _,.t, requhe4 to ~ a ompl.ete digest (28 

'901 .... of 0.05 Ill at 37°c in 10 Ill '1'rla-B:1 (pB 7.5), 100 • lllCl., 10 1111 

~, 100 UIJ/lll Borine SU\a AJbwln (Ba) • ODlalntrated pnparatians m:e 

first diluted tc about 1,000 1.1/111 using storage blffer (see below). 

PUrifieation 

PUrifieation steps an --.'.rl.zect in Table 5, sbowinq the expacte4 yield 

and pirifieation factor ~or eacll step. Detailed steps, -terials and equipaant 

an llbcMl in .lpp9ndiz 2, • outliDl94 in Dr. a. 1falder•a disaertaticn 41114 can be 

~Y llClll.e4 cklwn by a factor of 7.5. After final assays, tbe pJ:OdllCt 

shaul.d be diluted to about 25,000 V,lal in storage b.Jffer: 10 Ill Tria-K:l 

(pb 7 .4), 1 Ill 4ith:iotlu:eitol, 0.1 11111 r.um, 200 Ill BllCl, 50 per cant •/v 

qlymml and o.15 per cant Tri.ten x-100, an4 sto1'9d at -20°c, in reascmble 

aliquots for future use or ctiatril:luticm, for ample 1,000 to 10,000 units per 

vial. 

gm 

zatilmt. of tbe oost per unit of Pllt I an diffieul.t to us•• :ln a 

wninqful. way. ftrstly, it is unU.Jr.ely tbat om laboratory or wen cae whole 

"9nlipinq 00l1Db:y could utilize cm llillicn unit. in the apecta4 cine ,.ar of 

.table 8t:onqe an4 tbe 009t 8boul.4 be allocat-1 CD tbe actual units UM4. 
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&eooily, -.U quantities of magmts am requimd, .any en-band in D:>St 

hbonltories. Bcarnu:, il nat re&Jll1t8 mst be pnrc""se! especially for this 

pnparaticn, it may be unLair to all?Cate tbair total cost to Pst I, vbile a 

large particn my be avai 161>1• for f'utUJ:e use. '1'be smm bolds tma for labour. 

1ibil.e tbe total tim9 for this work is estimated to be am anth, may 

tins ocm•wf nq ablps, such as dialysis.. waul.4 :mquim c:lllly little attention and 

Jabour. SUffioe it tr- say that the pm:base of 1,000,000 units of Pst I WICIUl.d 

be apected to oast about 0S$ a,ooc; md ~irq en t:be particulu:s of a 

labmltmy, oaul.4 be made in-bcuse for cae tmth to cae balf of this amunt. 

If a laboratory 111CU1.4 m-cee to buy ntbar tbn to ..u enzymes, 9Cll9 ~Jiers 

an listed in Table 2. 

Tabl.• s. PUrificatian of Pst I restriction enc5cm1elease 

Fl:acticn Total activitv Qpecific activi~ 

io' units io' u/lllJ 

0 cell paste ... , C.00015 

I ~tant 4.3 0.0003 

II . .......U\IR SUlfate 3.6 0.007 

Ill Pbospbocel luloae 2.s 0.2 

IV IDE Cellulose 1.9 0.6 

v ......... G-200 1.5 0.7 

VI a.parin J.garoee 1.0 2.0 
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syntbatic oliqcnucleotides and genes 

'1'bese ccnstitute another f..Uy of products necessary for genetic 

eginaerinq. 'l'b8y are used for various tasks: 

}'rimars 

P.ri-.rs am initiators of www}M&tic syntbeais, used in zeve:r• 

trmiption of ma, in bybridizatian and in eeqswvrlnq tecimiques sach as the 

Ml.3 SJStaa. '!'bey are short polymam of 10 to 15 nucleotides. 

Linkers 

Li nker9 are also short polynucleotides wbicb inco:iporate sequences 

xecogni zed by mstriction eni.blicleues. '1'bey are used to inoo:iporate ma intc 

pl.aaaids. 

M'Pt1lrM 

Mlapters are sequences which pemit the splicinq of ma fratJDBftts c-rt; by 

cti.ffemnt mstriction encSom1eleases. 'l'bey inco:iporate the reccgni tion 

sequences of two mstriction enzymes. 

P...-obes 

Byntbetic probes are short t.o mcti.1.11 sized aequeaces of nucleotides used to 

d9tect specific qmetic sequences by hybridization to single stranded nucleic 

acids (lonq prcbes are made biologically by the qenet.ic engineerinq of 

pl.amids) • '1'b8y oftan inooiporate ndiolabel.s, such u 32p• One of the more 

aoit.inq UMS of pxd:>es is for clinical 4iagnoetics. Raoently, prcbes have 

mm UMd in '1'bailan4 for tbe detection of malarial parasites and the mosqui.to 

llP9Ci• vhicb baJ'x'Alr tbm. 



• 
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syntbetic --
rn any cam, it my be 114vm1..,._. to syat:msise a .,._ 1lba8e procb:t is 

:tull.y cbamc:terl.se4, ratmr t.mn attApt:ing to cbtain it mt ~ a ompl• 

gm-._. Wbil.e •••naal u ,..U• otter C1111t.ca aynt:llmiJI of qmm, wt 

advances in Jlardlm:9 M w1l. M in c::bmi.8tzy lln9 m&li9 CJml9 SJld:bmis a 0 Ii 

q>eraticm in ..t genrd.c mgi.mm:inlJ labomtmi•. A • • II 8b:ategy is to 

mJta mall ovarll(:lping oligmucleotida aacticms frc:a :both ma strands, 

pemittinq self US II bly and CClll>1eted later CD bf ligase oovalmt lintinq. 

Raticmale for local pm&lct!cm of ol.icpu::leotifJes 

oligcaucleoti&m am ml.ativaly stable and mmiy auwliem ship bf J:egUlar 

mil. Delays in shiwinq and loss of pJ.'OCU:t ck) not ccnst.itute an ilp>rtant 

motivation for maJdnq oligaalCleoticm locally. BoW&nr, tbare are IMWeral 

goo4 l'MSC!llS for establfsbinq self-sufficiency in the auwly of 

oligcaucleoti&m. 

Cost 

'1'ba high price of oligcalCl.eotides incl.UISe a high labour cost o 111o0nmt. 

ltx:h of this labour cost is in purificaticn mid quality ocnb:ol. '1'bR cost of 

materials is often :neqligibl.e. ~ cm tb9 lmgth of tha eeqawww, 

naterial oost ranges frc:a US$ 5 to US$ 50 for wt oligcalCleotides, avaraginq 

about US$ 25, in quantities of s-10 A:z60 units, which am sufficimt for 

1111.tiple ganetic mmd.pul.aticas. A typical price for tbat quantity if o1'dere4 

fJ:tm a auwlier will be 1JS$ 500, MP-inc;J it is A oabilogue it.a. ~ 

~ and CJ811M would be llJCb m aqmwiw. 

tim 

A tJpioa1 o~ t*- llbam: tmw daJll to be ~.tad, •·-tnq 

cm day for ~ ad tm dllJ9 far pdfimt.t.cm. '1'll:la ia lllClla lllDrts ta.a 

tm w1199 dalay betnm orc1miDg ..s rwl.YinrJ. 
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ftniMJity 

Wbil• .....,. UJ*ers and priJlara axe available c:xwi:cially, many genetic 

cxmstmct.iam nquire ~·l ..,,..,. .. 11hic:b can IJe quickly made in a 

1.abaratoXJ vi.th ~llame capebilit.y. llDst pnas and all syntbatic genes mst 

ai.o be SJDt:beaize4 Cllt-pJql088. 

l'or - llllPlicaticna, a:bm4 poaiticm ..,......._. axe i:equimd and 1ttlil.e not 

gmeral.l.y available frca catalogms, they can be synthesized as easily as 

'J.'Ypical llllPlicaticms requim very little quantities of oligonucl.eotides. 

Mast synthesis mtbDds (4i8Cll:msed in tJle :nat secticm) am adequate for 

~ o ,.., cia1. quantiti•, for 8Q91>le for di.W)l'OStic tests. 'l'be 

cnly variaticn invol'ftS the pni.fieaticm llblpl. While -.n quantities (one 

~'°unit or 1 .. ) can be purified bf qa1 electrophonsis, OCllllE'Cial 

quantiti• vill mqm.m high perto• .,_.. liquid cbmlatogxaphy, a unit 

PJ;pductJ.gn 

'1'be1'9 am tbne major approaches to the synthesis of oligonucleotides, 

.ngu:dlw of the ctali.st1y usecS: D011lal o1'gallic synthesis, using conve.nticmal. 

9CJ1rlpr •t, thew of kits, 1q1plie4 bf &8YIB'al manufactuxars and autaaatecl 

"9IM WMMNll•. '1'119 tint ~ 19 the lwt apmsiV8 for capital and 

ZN\liill:a, tut bm the b:lgtwgt llllxlur oa.t. '1'119 uae Qf kits minim w the 

Jetiaar' ~!Wit, tut .... higMr atai.al oaet. '1'ha wt producti'V8 approach 

b the .. of - .,...., ~- Al~~ the initial capital outlay is 

Jd9b, it can be quiddy nconn4 in a productiV8 laboratory. It al.80 

ednfef 111 ..... .-ro~ .~ oftm nmlta in .nn;. of llbom: and materials. 
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s.veral. ·::ladstri• bllft i.m dllv9lcpe4 tminq tm last c1eca&t mt it_.. 

tbat pbclapboanmi4it.. dlmisU:y npnaaats tha state-or-the-art. i:t is uae4 

both in Jtits an4 in mt.mate4 eqali1 nt. 

'.l'be cboice of a CJ8ll8 wc:bine waald be difficult Clll tha l:lasis of perf'ormenc:e 

alcme: wt parfODl very •tisfactorily. ~ng Clll tbe .mei and the 

mount. of cptianal equipn •t, prices range frca 1JS$ 55,000 to 1JS$ 100,000. 

JmrlJabjlity of field service in a givan a1'8ll will pEd:Jably be of prime 

cxmsidaraticm in · ·boosi.ng the apparatus. 

PUJ:ifiC£.tiCD and quality ocnt1'0l will DltaiJl the higllast sbai:a Of time amt 

labrur, although tba jab is easier U an autmate4 synthesis MC"bine is used, 

as yial.d par cclh,__ti.Clll J:W:tiClll amt ~Y ovarall yield, am 

ocasisbmtly higmr tblln in ..,.; synthesis. 

l)c!ontnj cs 

As a IK>del, tba synthasis of five~'° units of a trideca1m' pl'.d:le with 

t:hJ:ee mltiple base sites, Clbtainec! in purifiec! fom, will be ffSl!lllld. As a 

~enmoa, a quote for custaa syntbasis of sucb a pl.'d>e was obtained ftaa a 

« 1*"*tt"Cial tqipliar. '.l'be quota! price was U8$ 5, 625. For a list of 1q1pliers 

- Table 2. 

J«an•l ayntbeais-usi.Dq nagmts pzdla8e4 in :bulJt would have a low •terial 

oost of about tJS$ %5. (Bee "9taile4 prooedure in 'A(:lpmdix 3). Labour is 

estimated at CD8 per8CID wak, including two daya for purific:aticn. At U8$ 50 

pu- pu8CD-ClaJ, tba oc.t for tha prd:le wcul4 be U8$ 375. 

If a o ida1 kit is wee!, it ill ·--·~ tbat it will be 8Ufficimt to 

~ 130 ~tm. fOr tba ~of 10 cliff.-1: ~

:It ill al90 -· s tllat 8tadllr4 lao.ratozy 9CJ1dp; it (lal•, .tar bd:h, ,... 

bood, vm llCIUZm, ld.croomtritag9, .to.) ia anilml.e. '1'ba oc.t of 801vmta 

nquind for a. 1'WSticm8 <•·9· dietlly1 __., is fllll:1li9ild.e. AltJ!rv#I -
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llln9 ...... om paman-day. Pm:ificaticn still will nquin two pencm days. 

At UB$ so per pemc:n--4lly, llDll at 111$ 80 for -t:arials (10 per oat of kit 

purchase price), the cost of tbe pJ!d)e ccaes to UB$ 230. 

If an .m.ate4 m::hi,. ware used, tba largest cost o 1~ 11C1Ul.4 tie tbe 

mortiu.ticn of capital, llDll tbe _,..t; 11C1Ul.4 _.., essantially an tba mwnt>er 

of oligrnx=leoticSes syntbasized during tba userul. life of tba equipwlt • 

.lssening a userul. life of five or ten years llDll a purchase price of US$ 75,ooo, 

Tllble 6 gives tba mmrt:izat.ion oost per oligrnx=leotide, :base4 on straight line 

dlpmciation, in fUnction of the n_,.r of oligonucleotides made each year. 

k'wrfng a lalnlr «~of two days (Wtly for purification) and a 

•terials cost of UB$ 25, tbe cost par oliggmcleotide OClll8S to US$ 275 at a 

pz:oducticn 19981. of 100 par year for a 5-year depreciation. At a p%0duction 

181T81. of 300/year, the cost drops to tJS$ 175. It is as9'.llled that service costs 

are incl.Ul5ed in tba purchase price, as is often tba case for this type of 

equipalt. For a io-year depreciation scbadnle, a service ccnp:ment should be 

added. 

30 

100 

300 

1000 

T@le 6. Jaortization cost of autanated synthesizers 

(in us dollars) 

500 

150 

50 

15 

10-year depreciation 

250 

75 

25 

8 
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IV. JllB'l 8'.lBDB, ~, Im AH> ODIER 

BIOimICAL llMBtmB 

Biological pt«jal s 

Biological :mtarials, vbicb inclu5a bast st.rains (tlacteria, ymsts and 

- 1 ian cells) , pla•ds and oomids, ma of biological origin and other 

•terials (such as l...,_ padmgiD':J kits), am yet another type of products in 

tbe u:aana1. of genetic engineers. 

'1'b8f sbue in o •• n the fact that they an abtaine4 bf g:mllin:J cells 

usinq classical ai.crcbiol.oqical teclmiques lcDJ vi!n.-nad in developinq 

oauntri•. :rn thamy, they need to be acquhe4 cnly cmce. Olly in rare 

instances are they naec5al! after tbe first pircbase (e.q. catasb:q>bic failure 

of a fnezer, or 1Dlb:actabla ocntainaticn) • Oft:m they can be passed 

infoDM11y f11B laboratory to l.abol:atory at no chuge. As a rule tbrf can be 

Clbtained frca npositori• in tbe Olm (~) , Bmcpe (EMB:>) and in mny other 

oountri•. :rn 'J'bailand tbe o~zaticn having mspoasil>ility for culture 

oollec:ticn 881.ViCllS for bacteria lm4 fuD:Ji is tbe Thailand Institute of 

scientific and '!'eclmol.oqical anseuch (TIS'l'R) • Mahi.do! university acts as a 

service 1Dlit for tha pmri.sicn of ._Jim call lines. 

Bost strains am nee'5ec! for tbe replicaticn and expression of genetically 

enqineara4 plasni!s, ooaadds and viruses. In tum, these can be isolated and 

p.lrified and made available to other laboratori•. once purified, they c:an be 

tm:tmr processed to qenarate, for ..... ~le, marker IMA used in the calibration 

Of CJ9l el.ect1'q?honsis plates. 

a. m ample, ~ for ~ IMA usinq tha JD.3 8JBta1 

incl.UISe cm bo9t strain (Bllcb8ridlia coli IC12 Jlll.01) , pl.amids (M13 wcton), 

Da (lblltl digMt8 of 1113 an4 r,eMa Da) an4 T4 U.gue. 

specific Jw:teria1 at.raim an alllo n11L'le!S for the pl.'Oduction of 8DZJm9 

llUOb u r.trioticn mdonuclw. 
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Pmb::ti~ 

'1'ha ~an of host strains of bacteria and tungi tor sqipl.yiDJ 

laboratories is a shple -tter, usinq classical aicz:obi.o1ogy tecbniquas. For 

shippinq abo.rt cli.stancas, er ca••l transfer traa mseudlar to :maearc::bar, a 

sh(>le Petri dish cul.tun is all tbat is mquired. ~; 1 i _, pnparat:icins 

hava tile 114vantage Of long-tam stability. Vectors an4 virusas can be 

trans:fernd in the sma way. -1 i an cell cultums can also be easily transferred ill T-flash or in 

snspensian cultures, 4'epent'linq cm the call line. BMaver they am mom :fragile 

than bacteria ~r ~, and BJSt he quickly Slt>cultured. 

PUri.fied m-. p:nparations .nquin tbe use of an ultracmtri.fuga, an 

iapmsiva piece of equipaent, tut found in any biocbmistry laboratories. 

llm:lmr ma can be abtaiDe4 by 4igastinq parified pl••ds or viral 

cbranoames with restricticn andoaucleues. .as an --ele, tbe 1'8Stricticn 

mzym :r.co R1 will cut the ImMa virus cbraDoaclle into six pieces of Jmolrn and 

npi:o4ucible a:>leeular waight. 

other pnparaticms such as ma padalghq systms can be Clbtaine4 bf llinl>l• 

l8tbo4s fraa lyaed bacterial cultmes. 

since the cost of pi:aparaticn for the above biological •t:arials is low, 

no ecccnni c &YLuaticm Will be made. 

Biol.oqical 18teriala mde by the Hahidol UJd.venity qaq> and ~ 

to other scientists an sbDlm in Table 7. 



Bost cells 

B. coli~ 

B. coli '1Jll.07 

Pla!mids 

plllt322 ('IXJ) 

plll325 (uq) 

ptlll21 (uqj 

(uq) 
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Table 7. Biological Materials Production 

at Jlahidol Obi.varsity 

As DH594 

As DH5ad 

2,000 

1,500 

500 

2,000 

As nea5ei:I 

As DBBaadi 

1,000 

400 

50 

24 plates 

19 plates 

50 

13 
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APPEHDIX 1 

PRICE LIST f'O~ r.EMETIC EHCINEERINr. PRODUCTS 

Price List - Winter 1986 

Restriction Endonucleasu 

Product Number Recognitioll Sequtnet Price (11n1I) Pritt (luge) 

Altl •m CACCT!C .. ..,. .. ISi lllllla/ll1'1 
A«I flll GTf (AC)(CT)AC •....,.S •-!'-Im' 
Aki •w ChfCO,C 11.-11111 .. . .... ,.. 
Alrl ••n MOf <T •wlcaflW IMI..,._ 
•• , .. , CGGCtf C 1.19..-,.SS n.-n11a/l220 -· ••n CffJCCP.C . ..,... ....-.,.111 -· •1» Cf G(AT)CC 1•-*llM .. ....,.." .... •IH eta~ .,,.,,.,.. ..... /l»I 
Ml .ISi T"fCCA .,,.,,.,.. ...... /ml ...... •1• CfGAT« U.-*/IM II.Ill nllt/llff .... flll ct~ •wlcaflW .... ..,... .... , ... CPllGCPrfC .... .....,... ....... ,.. ..... ''" GCAGC(l/U) .. ....,. .. .... ,.. ..,, .... TfGATCA . ....,... IMl ..... /1111 

·~· 
flU GCCJll .. f llCGC .... ....,... .... ....,..11 

·~· 
.... AfGAT<T .. ....,... ......... ""' .... f1J4 GMTGC(l/·I) .. ..,. 

-~ ••12" 1121 G(GAT)GC(CAT)fC . .....,... ........ ,.. .. .,.. . f502 ACCTGC(t/I) .. ..,,.,.,. ....... ,.. 
••.,U I fSM Tf CCGGA .,,.,,.,.. ....... /l»I ..... flH Cf tGCGC .. .....,... ........ ,.. 
•Ill I fllJ Cf GTllACC u...ic.11•• ........ /1111 .... flll Ctf(ATJ" .... 9lllaJI•• 1.•-.11111 

••• flll tCAJll .. lllfHGG . ....,.. l.JStnllaJIJIO 

°'' ... , ATfCG.1.T .. ....,.. 1111 .. ,... .,., flJI Cf TUG ...... " .. ......-./liff 

0,.1 ''" c;'-AfTC ..... /ISi ....... ,.. ..... llB TTTf AAA a....,.,. 11.--.11-
.,,,, (X... i...cwa-) IHI Cf GGCCC ..... /ISi ....... /IJCO 
•lnO '" (Ori I '-db-) flOI r.cotc1cay a..-.,.,. 11.-..-.11-,,., •••• GfAATTC .......... "'' .. ........ /1111 

......... JISGO 
EaAY flll gff ATC a.. .... 114, ··--·•11111 
'•Ill> I , ... cc fee .. ..i../ISI ---/1221 , ...... flft GCfllCC ...... /ISi ..... /Int ,.., fllt CCATG(l/SI) ....... /ISi ...... ". .,,,, flll TGCf CCA .. .....,... ...... ,.. ,,,.. 1111 r.cccct" ... ....,... , ....... /1111 ,,,.. ... cc tee u......,... .. ........ /1111 
#Cr• I flM CACGC(S/119 ..... ,.. n ..... ,.,. 

"""' flft G(TA)GC(TA)f C ..... /Ill ....... ""' , ... ,.,. CCGf C ........ "'' , ....... /Int ,.,. flOI CT,,fPllAC .... " .. 1.-n11a11111 ,,.... fl04 Af AGCTT " ........ "" .......... /1111 
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..... flB CfAllTC u......,. •• U...a.JllJ& ..... flJ4 ctccc . ....,.. 2.Sllab/IM ,... ,,. CTTfMC , . ..,... M 1191b/1111 ,... tan ctccc . .....,... I.Sii ..... Jilli .... flSI "TCA(llJ) .....,. .. !..• .-iita/1111 ..,.. flG c;c;ucf c J.M....,... , ........ JIUS ... flG f CATC . ....,. U.wlbfU» ... ., . CAACl.(t/IJ -~ z..• -1b/11» ... tr• AfCCCCT _....,.. 
U.-1lfa/lm ..,, flU CCTC(l/IJ u..-.ft9 m..-./IMI .... ,, . cf ccc J.M....,... ......... /111• .... tln CCfTUCC . ..,. •-'b/Utl ... ,, . cccfccc •lllllafC•• l.Multa/1116 ... ''" CGfCCCC .. ....,... • ....,.,11 ..,. flll CCf(CC)CG _....,.. ......... JIM ... fllJ cfCATc;c; l•tllib/IU •..a.11111 ... flll CAfTAlC •..aJUe t.• nitsJl200 .... ,.,. <OfCTAGC ZSt••/ISS l..J51Hib/lllt ... flJS CAT Cf lt"71&s/M 51Hib/ml 

•IV fl2' CG•f llCC ..... JIM •• nitsJIJC• .... flll ccf c;c;cccc ..... JIU ...... /Im 
•• ''" TCCf CCA •inlts/IU 

·-- Hits/1111 

""' flJJ ATCCAfT ZSt llllib/ISI l..JSI nib/I• 
hlAJI ''" CfTCCAG U.nlts/IU 10.- Hits/llfl .,.,.... fSOI ~f c(AT)CCr, 51..a.Jne JSlallltsJl200 ,..,, 

11• CTCCAf C s..ae HibJISS n.-.-.1sm .... fl51 CCATf CG t•••/155 SOOa.U/lut .... flSl CMif CTC ........ " .. s.-..-./1111 .... fH1 CTfAC , ...... " .. UOIHib/1111 . .,. fSOl CGf C(AT)CCC 2S• ... /ISS IJS •riU/IUfl 

'"' flSI CA«Tf C ..... /1 .. s..- •llib/1111 
SKI flS1 ccccf c;c; uoo .... ,. .. U0081111s/ll11 
UI flJI CfTCCAC SOOllllib/144 UGI Hlb/1111 
S.aJAI flit f CATC 200Miu/IM UOOariU/1111 
S.1111 I fHS cf ucc 200Hlb/IM l.000 Hlls/1175 
Sal flJJ AGTf ACT , ....... /151 S.000 •llih/IJllO 
lof' I , ... ccfmcc ........ /151 , ........... 
16111 fin GCATC(l/I) •••/1100 100Hlb/14GO 
Ill flD GGCCH .. f mCGCC 251••/ISO USO ••JIJOO ,_, .... cccf cc;c; ........ ,. .. 2.000 Hib/1111 .... flJO TM:fGTA ....... ,. .. JOO Hitt/1111 ,, .. ,,,, AfCTAGT ISO HCt/151 JSO Hies/1200 ,,,. , fllJ CCATGfC ••••/ISO 4G011mi11/IJDO ... flU MTfATT JOO••/ISS l.SOO Hllt/1220 ,,,,, fllJ AGCfCCT ........ ,. .. 2.000 Hks/llJI ,.,, fSOO Cf C(AT)(AT)CG 2.000 •llks/ISS 10.a Hlb/IJJO ,. .. fUI Tf CGA !. ...... ,. .. 10.000 amils/1111 
Tdllll fllS GM:mf .. CTC ........ ,... 2.000 ••/1171 
.0. I fUS Tf<TN;A 2.000Hlb/15S I0.000 Hkt/S220 •• ''" CfTCCAG t.aH11s/15S • ... •alb/IJJO •• , .• PafCAT<r, JSHlb/144 l2S •*•/1111 ...... ••• cf cccc;c; • ..... /ISO ....... , .. ...... ''" CAAHf .. TTC .. ..... "" ......... ,.." 
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DNA Modifeation Melhylases 

...... fut Nt-a .. ....,.. . ...,.. ......... tm CCA18cc ....... ,.. . ...,.. 
II.Cit I fUI Ara8Ar .. ....,.. 19~ .. tm C-ATC _,,.,,,.,.. u. ... ,.. ......... fDI CA•ATlC .......... '"' ..... ....,..,. ....... fUt CC-cc 11....,'ISt 251...,._ ...... tn1 C-«e .... ....,.. .... ...,.. ....... tn• C-CGC . ....,.. 151.a.Jtm ....... tm T-CM:C .. ,,.,,,.,.. . ...,.. ...... tns •cc" ..... ,.. ..... ,.. ....,..,, tn• <TCOC-Mi ..... /ISS .... /U» 
M.Tatl tn• TCC-A ..... ,.. UOl•rlb/UW 

EnzJmes Involved in Nucleic Acid Mehbo!ism 

TtDllAUp• ·- JO.a nib/ISS •• _ .. •llita/1120 

nllllAUp• fJM ....... ,. .. SCIO •llita/1111 

DllA Uc•• (E.al..DP•J f20S •.. ,. .. UGO •Mh/1111 ,..,.._....!Ci .... f201 SCIO •lib/I• UGll•Mu/1100 

DU...,... .. I fJOI ..... ,.. UOO•Mu/1200 

DllA ,..,_. .. I LcJ'ns- f211 us .... ,. .. us Hits/UH 
lllA ...,_. .. (Lal) ·- ....... ,. .. 5CIO•Mh/1111 

TtDllA...,_.• f20J 2Sulu/UI 125 •llih/IZOO 

•naur..,_. .. f2Sl UOOuib/ISt 25.0GO Hilt/IZOO 

IPIUA....,_. .. f201 20091ib/ISO UGO •llil•/IZOO 
...... IA&.41 f21J so .... ,. .. 251 •llih/1111 
r-...... f20I UOO•llka/14' JUGO Hilt/1111 

La .... r-..... f212 IOluluf1" 500 Hils/IJ11 ............... fnt UOl•llits/144 UGO Hilt/1111 

Mtl DNA Sequen~ng System 

MIJCINlli1PH\ ''°' ... 
Ywdar MIS.,11 Rf DllA , ..... .. . ., ... 
Ywdar MIS.,11 Rf DllA , ..... . .. ., ... 
... , .. , ow-, s....ci.1 '"' .... 1115 
Mii 111 OW-, W. .... 1 PHii , ... ... 
Mll"PS.. .... 1Ra ..... ,. -...... , s.. ..... 11 .. , .... , .. -
Dephosphorylated pBR322 Clon?ng Vectors 

'""" ...... plQJ2 ,,. 
'·""' ... .,. . 

.......... pNm 1122 •·"'11 as.,,,..,. 
NW • ._, pllJU 1m •·"'11 as.,.,._ 
,.,,...., '9••n 1m ... .,,,. as.,.,..,. 
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DNAs and DNA Molecular Weight Standards 

""9W1DllA ..... •-""11 U..f/IM 
Le..w. DllA (111 ....,........._, fJlt-1 SOl.c/IW u..uu-
'XmU'IDllA ·--· •.USM 1se.11SM 
'XmU'aDKA fJll.Z •.USW lSl.f/IM 
lxm ww. DllA fJIU SI.a/ISi 251...,lm 
lMiNIDllA .... •Dlsal fJlt-1 zse..,.. USl.UU-
LemW1D11A..,,_alllsal ..... ZSl .."8 use..isae 
'XIJ4DllA,_•lllcal .... 21.."8 l•..fllm 
,eam DllA .. I Dltai fJG.1 St.USM 251.US-
,eam DllA a..1111cat fJG.I •·lllSI a.us-

Linkers (54 linkers currentlJ available) 

.............,.u. ... ..... ~ ua, ..... ,_ UA, .. MlbJU• 
u- UA, .. •.,_ UA, .. lllllillJUa .......,....u.-. .......... UA,.....,_ UA, .. -.JIMI 

Primus (15 primers current!7 available) 

la ..... ll,,..... U.,lfltS ill.I/Im 
MlJ,.._ J.S.,lfltS Ill.I/Im 
,11UD......_ "·lfltS Ill.I/Im 
.au ....... "·Ill• .. , s,....,. •• 

Reagents and Matrices for mRNA Isolation 

Olp (IT)-<eWeM .... • rn•/M s.,. .. /U20 
Olp~(~) "'140S ' ... tnt s.,...,.. 
Olp•(T) .. flJll UA, .. ••/NI .............. .,.c..,... fl40Z .... ,......,,.. 
lllA c., ,.,.._ Aallec ..... nA, .. •••/IJS 

Other Organic Synthesis Productt 

M1,._ ua, .. •*/NI UA, .. u11&1JU• ,.... a.s •l/IU su.1111• 
DU Ip .... IClt ••• , .... -4.)/1451 , .......... )/IUI 
011.\ip ............ 

........ '"' 
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APPENDIX 11 

(f:fta Er. a• 14!8 1111lc1er1a lll.D. «1lwtat1m> 

IUri.fieat.iop of Pat I restrictigl mcbucl_,, 

ftOMD pPatl04 <'91.la, 148 q, WU9 ~in 120 al Of 20 .. '1'ria-K:1 pll 

7.0, 400 .. El, 0.11111 ma, 0.1 .. ditbiotbnitol, 5 per cent."' q1J08EO). 

oanta1nlDJ 13 lllJfal pllJDf:i..thylmlfaaylflmrlcle (1'IBF) llD4 allOllld to tbmr at 

, 0 for. boum. '1119 oalla - tr.tad with lJBO&}W at 100 lllJfal for 30 

ldJatt.m en ioa befon wmicat!Clll. c.lla wn ~ usinq a Jlioeonik 

-tcwtAr (arcmrill 8c:lmtific) in 30 9 part.icall with 30 ..,.;.., pd •, 12 

npeti.ticm, with cm aiJute of nst l.tvlm mcta pl1.8e. .._all of tbe cells 

- ~, CMll dllda ws zW»N4 bf omtr.lfugaticn at 15,000 z 9 for 20 

llillltt.m. !be ~tarat .. pooled md omt:rifurJ94 at 200,000 x 9 for 4 

bams. !be high mpMIC! ~ (l'nction I) ws precipitated with aoli4 

-weni;e..a.:m ml.fate, ~ to 75 per cmt Aturation. "1'bl pncipitated •terial 

ws oollectat bf Ollltritugatim at 20 ,ooo Jr 9 for 15 .uutes. '1'be precipitate 

... cliuolftd in 80 al of ~lluloee st:artinq J:luffer, 10 Ill aodiua 

~te pa 7.o, 11111 m, 200 111111C1, 11111 ~-ad.de, 5 per omt •/V 

9lymE'Ol, 13 Ul!l/ll1 BIJP, an4 dial.JRd mga1nst 1.5 liten, with four ctunMJM of 

tba - buffer to yield nacticn n. 

Be dialyate crnctiaD IJ:) w .,:liec1 to a ph~lulme P-11 

8tuti111J ~fer. '1'be oolmn .a~ with a 1200 Ill linear gn4imt of 

0.2 to o., • -.cl. '1'm al fnct.i.om wn oollecte4 llD4 ....,.S for IS I 

.ativity. J'ncticna oant:aininlJ ~tic activity - poole4, CXD0mtzatec1 bf 

Jllicaa ultnfilt.ration to 40 Ill md 4ialyzec1 •prlnst 4 litan of ar.u: buffer: 

10 111 potwiua ~pr 7.a, 10 mil 2~1, 0.1111 m, 10 per 

Olllt W/Y 91~1. '1'be J.ow tcnic ~of tJlia tlUffer mlJP?IL! 

pncdpitatiaa of ... pmtalm otMr tmn .M I n.t:riot.f.cn ...,_. '1'be 

4talpate .. atarifW bf omtrita;at-.Jm at 15,000 z 9 for 30 ....... to y1e14 

n:.otim m. 
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'1'be ...,.matant of tba dial.pa! (Jhx9lb cellulose pool (Fncticn Ill) was 

111Plie4 to a 1.5 JC 30 ca IDB-52 colmm an4 wsbpd vi.th 300 Ill of JJBg J:Juffer. 

nae collWI ._ dmnlcpd with a 500 Ill gndimt of o to o.c 11 RllCl. Five Ill 

rncticms ._. oollecttd an4 ass 1 J91 ~ wjMtic activity. 'Die pooled 

WJ tic fl:aaticms ft'Ca tba ~uloae oolum 111an cu>-'8!11b:ate4 bf Jmd.ocn 

ultnfiltratiaa to ' 111, yielclinq ftactic::m xv and 1111Plied to a fkP'ac'n cr200 

oolmm. nae~ cr200 oolum 2.5 JC 30 as, bid been •qniJibratecl vi.th 10 

11111 sotiia ~ pll 7.o, 111111 EDrA, 11111 soclim azide, 7 111 

Fracti.cms (2.5 Ill) were 

coll~..Alll and assayed for ......,1 .. activity. '1'lla p:>oled enzym fncti.cms 

... «Gealtrated to 8.5 Ill bf ulb:afiltratic::m and dialyzed against 

bllparin-agaroa J:Juffer viii.ch oontains 20 1111 '1'ris-lcl pll 7 .5, o.5 BM EDrA, 7 JIM 

2~1and10 per cant •tv glycerol. 

'!'be dial.JDCI &IZ}98 (Fracti.cn VJ was 111?1.>lied to a 1 JC u aa 

bllparin-agaroa oolmm, washed with two oolmn vol1D8S of baparin agarose 

J:Juffer, follolMd by a seocm wsb. with a 100 Ill gradient of o to 0.2. 11 llaCl. 

Pst I nstricticn enzpm was eluted with a 200 ..i gradient of heparin agamse 

buffer oantaininlj 0.2 to 0.8 11 llaCl. ".l'be final p:>oled enzyme was OODOeDt!'&ted 

by ultrafiltn.tiait to 5 Ill (Fraction VI). A portion of Fraction VI was 

clialywt against water for protein aequencing and antibody stuclies. The 

r indar of tba enqm was dialyzed against stora;e J:luffer which contained 10 

ltl '1'ri8-K:l pll ?.4, 1 ltl clithiothndtol, 0.1 • EDJ2, 200 di IJaCl, 50 per cent 

"tv qlJCU"Ol and o.15 per cmt "tv Trltcn x-100, and stored at -20°c. 

A ~ of a purification of lit I J:llStriction enzyme f1'aa 148 g of the 

tnnsf011194 Pmri4lncia ltipz+!i 1'4 strain, pPst304, is praaenteCl in Table 1. 

ftm 148 CJ of oells 3. 75 11J of .M I r.tricticn mzyme vu purifia4. A total 

of 4 x 10' unita or 2 11J Rn I vu UM4 for tbe nmi dllg%adation studi• and 

2.2 x 10' uni.ta or 1.1. 11J vu UM4 for anti]:x)dy pmduction. '1'b9 JWMindv 

of tbe purifiec! MI, 1.3 x 106 uni.ta, vu U8ec! for ratriction digest:a. 
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'ftaa ..um for pirificaticn of Rn I: nstr.icticn w:rw ws dari.9e4 bf 

om. J081pb W'alder and Banjit a.tterj•. nis pmtooc,l ws sbared with • 

prior to ~cat.icn, vi.th their pemissfcn. 

adno -=i4 1111111.ysis 

Pst I: :matricticn ..,,,,_,,,lrr• 11m1 hJdE'ol.JUcl UDISer DKll..S pnsama for 

24 boum at 100° vi.th 6 -, -=i.. llJdmlyatM 11me analyzed en a Be t+o 121 

JIB mi.no 11Ci4 analyur, er;priwe4 with a 2.a z 350 - M-10 oolmn. '!Ila 

aml.ysis ws aco:..,1istwct in collaboraticn vi.th Glm 1fil.san, 4inctor of the 

Pmtein Stmctme l'lleil.ity. 
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A _.. ••• ~BB ~· 8114••+IB c. 
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' ' I ;' • ; I •I • I I I • . -: 

CAUTIONI 

The toxic, mutagenic and carcinoQenic propcr
des or dimelhoxytrityl rwckoside phosphor
amlditu and some of lhe mixtures used In oli
aonucleolide synthesis have not yet been 
determined. AD of the reaaents should be con
sidered danaerous and handlecS appropriately. 
Do not spiD on skin or brea!M powders or vapors. 

111 ·"'II"', I I • It• .t ' llDIKl8••• 

INTRODUCTION 

The synthesis of DNA was first accomp6sMd 
In 1955 by~ and Todd1

• Since then. 
various laboratorla around lhe world haw 
conldbuled to lhc chanlstry or maldnt speci&c 
DNA·s ror bloloQical research. Early methods 
required hlthJy skl11ed nudeic. acid chemists 
and specialized equipment. Before synthetic 
DNA became commonly available a number 
or criteria had to be met. These were: 

Fast and efTldent chemistry for addi
tion or single nucleotides without af
fecting other functional groups on the 
DNA. 
Stable and compatible reagtmts. 
'hry pure startina materials. 
Easy separation of the product from 
residual reatmts and by-products. 
Low material and labor cost per~ 

We fed that the S' -DMTr nudeo~ide-3' -phos
phoramidites devclopcd by Buucaae and 
Carulhas1 coupled wilh the solid phase meth
ods developed by Matteucci and Caruthcrs1

·• 

address these cdleria better than any other 
synthesis method. 

One ollhe most serious problans in 
DNA synlhals has bun the time required and 
quanddcs or apcnslve rcatents needed for ef. 
8dcnl coupan,. Dluta procedures use wry 
larQe excesses of reactants and couplna takes 
as lonl as sbc hours. The more recent trksler 
approach requires reaction llma or~ to 1 
hour and Is lndBdcnl IO lhc extent that most 



ldcsla procedura cal for .sdlnl dimer or 
btmcr blods ndhu then .. nudeolldcs. 
These clmas or bbnas must be Zndcpen
dcndy synlhalzed and~ pdorto DNA 
synthesis. Nucleosick phosphoramldita on 
the odm hand. arc hllhlY rcac:tlve upon acti
vation under mildly acidic condilions. Couping 
ractlons 10 to compldor. In less than lhrft 
minutes. Products &om minor side ructions 
which may occur. such as aocydic base 
additions. ar~ eliminated by hydrolysis In 
subsequent steps. The DMTr nudcoside phos
phorarnidites are vc.ry stable under neutral 
conditions. As ls the case for aD other types of 
DNA lnlamcdiates they should be stored 
desiccated. 

With most cMmical syntheses, a key to 
~product yield and easy purJication Is the 
use of pure starting mat,rials. Our use or a 3'P 
FTNMR insures the quality of the dimethoxytri
tyl nudeoside phosphoramidites. The other 
important reagents and solvents are also the 
purest available and undergo quality control 
tests such as Karl rJSher titration. lN spectros
copy. and gas chromatography. Additionally, 
each Jot Is used in house to confirm perfor
mance before shipping. 

The step-wise separation of excess re
agents and reaction by-products from the 
growing oBgonudeotide chain is facifitated by 
so8d support synthesis. During the synthesis, 
aD unused reaaents and reaction by-products 
are simply washed out. Ana completion of the 
synthesis, the dbnethoxytrityl group afl'ords a 
means of purifying the final product from other 
o:Igomcrs by reverse-phase chromato1raphy. 
After each addition step during the synthesis, 
aD unreacted chains (with 5' -OH troups) are 
capped 16 prcvmt further reaction. When the 
synlhesls Is complete, only the desired prod
uct wll bear the lrityl lft>UP. This group is latge 
and hydrophobic and sitnilkantly increases 
the rctcndon of DNA"s on reverse-phase 
columns. 
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HistodcaDy, DNA synthesis has tun 
done only when !he DNA was UflCntly rt
qulrcd slnct many hours oltime were rt· 
quftd and the ~oxytrityl base protected 
nuckosldes precursors~ quite cxpensift. 
Now due to the high couping eflidcncy oflhc 
phosphoramldite method and the purity of the 
reagents otrettd by App&ed Biosystems, DNA 
synthesis can be accomplished for as little as 
$4.00 pa cycle for materials and a typical 
probe can be synthesized in less than 8 hours. 

~would &ke to thank the many people, 
primarily from the laboratory of Dr. Marvin 
Caruthers at the University of Colorado, "';ho 
have contn"buted to the evolution of the proce
dure descnbed here. A more~ descrip
tion has previously been published. 5 
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A.M. ~ .. .JA.a. Todd.). Chan. Soc. p. a32USl55l 

2 CEOXYNUCU051DEl'HOSPHOMMIDCTENNO.ASSO*MEY 
INTOMElllA1U FOii DEOXYl'OLYNUCUO SYNTHESIS. 
S.L luucata..SllH. c.uihcn. Tcuahedloni.-n_ 22. •JG. 
1159-1162U•U 

3 ntlSYNlHESISO*OUOODEOXYPYIUMIONAPOl.YMO 
SUPfOn. M.D M-.al end M.H. c.-ihcn. Tcfl8lledfon Ut1er1. 
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HolMndcr CPlaum PUbishint Coipor..ion. 111121 
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THE CHEMISTRY 

The SoDd Support 

The support Is a fully porous silica bead which 
Is covalently bonded lo the 3' hydror,i of one 
of the four dimethoxytrityl nudeosides through 
an aminopropyl-sucdnamide linkage. The 3' 
terminal nucleoside of the oligomer to be syn
thesized determines wh;ch of the four silicas is 
used. 

The support is derivatized to yield ap
proximately 40 µmoles of dimethoxytrityl 
nudeoside per gram of silica. An ex.ad loading 
is indicatec! for each lot of silica. One JUllOle of 
starting material should yield enough DNA for 
most e:;!::ations, therefore approximately 25 
mg of support is used for a normal synthesis. 

The dimethoxrrityl group attached to 
the 5' -OH orthe sup, t bound nucleoside 
(and the nudeoside phosphoramldites) serves 
several purposes: protection of the 5' -OH until 
an appropriate point in the reaction cycle, the 
means for quantitative determination of COUP· 

Ung effidency, and a Upophilic terminus for 
reverse-phase HPLC purification. 

The Syath11l1 Cyde 

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 add (zinc bromide or trichloro
acetic add) to liberate the s· -hydroxyl. The 
choice as to which detft.\_1ating solution Is used 
depends upon how the final product is to be 
utilized. Trichloroacetic add does cause minor 

flGUl!I. 

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

Zinc bromide. on the other hand, is a 
non-protic lewis add which does not cause 
depurination but is .-ery slow to detritylate, 
espedaDy on pyrimidines. lhe use of zinc bro
mide may add up to one half hour to ench 
cycle. This protoc.;>I does not include instruc
tions for ZnBr2 detritylalion. 

Mer thorough washing, tt-e support is 
treated with the proper dimetho~rityl nudeo
side phosphoramidite and tetrazole. The tetra
zole acts as a miJd add and protonates the di
isopropylamine on the phosphorous of the 
dimethoxytrityl nucleoside phosphoramidile 



(Step #2). The protonated amine Is a QOOd 
leavlnl 1roup and renders the phosphorous 
susceptible to nudeophlBc addition. The sup
port bound nudeoslde 5' -hydroxyl In the pres
ence of'the activated dlmelhoxytrityl m. ieo
side phosphoramldite wm then read to 
produce a nudeotide dimer (Step #3). The 
phosphorous at this state Is stiU In a trivalent 
state. 

The addition reactions may not be 
quantitative. A finite amount of the support 
bound nudeosldc 5' -hydroxyl may not react 
If ten as a free hydroxyl Cunctton. these un
readed chains would propagate In following 
addJtion steps. Laree amounts of deledon se
quences which contain one less base than the 
final produd make purification more difficult 
To avoid this problem, a capping reaction is 
utilized (Step #4). In this reaction, the un
readed support bound nucleoside 5' -hydrox· 
yls are acetylated wiL'1 acetic anhydride in the 
presence of dbnethylaminopyiidine and 2,6-
lutidine. The 5' -acetyfated support bound nu
deosldes are thus rendered unreactive and 
will not propagate in subsequent cycles. 

After addition or th~ dimethoxytrityl 
nudeoside phosphoramidite, the phosphorus 
Is in a trivalent state. The pentavafent state Is 
achieved by treatment with iodine in the pres· 
ence of water and base (Step #5). 
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SOME COMMENTS ABOUT 
THE CHEMISTRY AND REAGENTS 

lepedtlve Yields 

Successf'ul DNA synthesis requires high repeti
tive yields. Consider the synthesis or an oligo
mer 16 bases In length. The 3' termlnal nu
deoside Is already bound lo the support so a 
total of 15 nucleotide additions are required to 
achieve the proper length. Table 1 shows the 
overaD yield as a functio., of various step 
yields. 

TAllll. 

STEP YIELDS 
95% 
90% 
85% 
80% 
75% 

TOTAL YIELD 
46% 
21% 

9% 
4% 
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 or the crude product. In turn. the 
purity of the crude product is dependent on 
the quality or the reagents and solvents used 
throughout the synthesis. therefore it is desir· 
able to take spedal care in the handling or all 
the reagents and solvents used. 

Dlmclhoxytrttyl Nudcoslde 
Pho1phoramldltcs 

The Inherent high reactivity of the dimethoxy · 
trityl nucleoside phosphorarnidites renders 
them somewhat uns~ablt to oxygen arid water. 
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Furthermore. any water associated wilh these 
compounds wlD. upon prcllc activation. act as 
a compctllor with the S' ·hydroxyl oCthe DNA 
chain. lmmedlatU, upon ddvay. place the di· 
mdhoxytrityl nucleoslde phosphor.mditu in 
a desiccator over easo. or other drylnl •fml. 
Do not open them untl al the apparatus his 
been assanbled and aD necasary rntents. 
solvents and equipment are rudy. 

Anhydto•• Acet~altdle 
Anhydrous acetonltrlle Is used durinl the 
course of the synthesis In two ways. first. It Is 
the solvent In the dimethoxytrityl nucleoslde 
phosphoramldite addition reactions. Second. 
It Is used as an anhydrous wash lo remove 
water and other nudeophllu Crom the reldlon 
vessel As with the phosphormnldites. the ace
lO"'ltrile used In these steps must be anhy
drous. After replacing the saew cap on the 
bottle with a septum. the anhydrous acetoni
trlle should only be accessed with 1 syringe 
and provided with an inert gas source to keep 
the bottle from developing a partial vacuum. 

Capplnt Solutlou 

The capping solutions also need to be rela
Uvely anhydrous but not to the same degree 
as the acetonltdle. These bottles are also IC· 
cessed through septa with a syrinQe. Accurate 
volumes of the capping reagents are required 
so the syringes used must be Qraduated. The 
syrinQes used for the anhydrous acetorJtrtle 
and capping reagents are not lnterdwltablc. 

Odaer Rea&cDI• 
The balance of the reaamts and solvents need 
no special care other than beinQ capped when 
not In UH. They can aD be delivered with Pas
teur plpets. The pipets may be reused durinQ 
the synthesis but only With the same rcaQC.ats. 
Cross contamination may cause failures. 

ThrouQhout the protocol which folows, 
a number or steps cal for ddvtry or 1.Sml of 
the solvents. This Is an 1pproximallon and ac
curate measurements ere noc required. 

- 37 -

SETUP OF THE APPAJUl1'US 

System Ducrlplloa 

As shown In flture 2. an lntetrated vacuum. 
Inert aas and aspirator system Is used for the 
synthesis. The oil pump Is connected dirudy 
to a vacuum 3.way stopcock. One outlet Is 
used to cvac:uate the vacuum dcsicxetor. An
other leads to the needle valve which Is used 
to control the flow rate oflnat aas into the 
evacuat<d desiccator. The outlet olthe needle 
valve Is connected to an Inert aas 3.way stop
cock. This stopcock paawtdes the means for di· 
rectinl the Inert gas towards either the vacuum 
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 201auge needles held in 
place by copper wire to prevent leaks. These 
lines are used to provide Inert gas to the reac· 
lion vessel and reaaent bottles. When not in 
UH, these needles should be Inserted into a 
rubber stopper 10 dose the Inert aas system to 
atmosphere. 

-
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The INrd BM from the Inert ps 3-way 
stopcoclt Inds to a T-<UU\Utot one IM of 
whkh tamlnata In a smd tube eo1dalnlnl 
mmnl ol (bubbler). The bubblaprovlda. 
Wd to prevent buid upola posidft prasure 
In lhc ps systan end saws as a monitorol 
vacuuniprasurc lluc:tuallons In tht system. 
The odmlne from lhc T-connectorleads 
throuah a drylna tube to the rel'Jlatcd Inert aas 
source. 

The wata aspirator Is COl'M'ledcd to a 
water aspirator 3-way stopcock. One outlet 
from this stopcock Is open to air to rdeve vac
wm In the aspirator system and the otha out· 
Id Is eo1mutcd to a filla flask. A #8 stopper 
wlt'i #3 bore Is used to cap the filta flask. 

:tcacdoa Vessel 

The ruction wssd can be made in a ifass 
shop or Is available Crom Applkd Biosystems'. 
It Is a modifted sintered funnel equipped with 
a stopcock to l'acilitate solwnt arad reagent re· 
moval from the support. The smaD s><>rt for 
addlnt raacnts minimizes tht chances or 
spms or loss of the siBca. In vamus stq>S of the 
synlhals this port Is capped with a rubber 
septum to maintain an anyhdrous environ· 
mcnt. lnat aas Is lnlroduced to the reaction 

-
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vascl by lnsation oi a hypodtnnic needle 
from the 1as line throulh lhe septwn. 

MATERIAi.SAND ~ENTS UST 
1. Small test tubes or vials with tight fitting 

septa 
2. Two V41111 glass syrintes with glass J_uer 

hub CBD #2001> 
3. One lml lfass syringe with glass Lua 

hub mo #2004) 
4. Two '141111 glass syringes with llass Luer 

hub<BD#2001) 
5. Disposable hypodermic needles 
6. Three 201auge one inch hypodermic 

nud!es with Lua hub mo 11075> 
7. Three 22 gauge five inch hypodermic 

needles with Luer hub (Hamilton l/plcg 
N722, s· 90022) 

8. Rubber septa for lhe readion vessel 
(Aldrich #Zl0-072-2 or #Zl0-073-0) 

9. Rubber septa for the dimethoxytrityl 
nuckoside phosphoramidite bottles 
<Aldrich #Zl0.074-9) 

10. Rubber septa !or the 250ml solvent and 
reagent botdes (Aldrich #Zl0,076-5) 

11. One &ta filter Bask 
12. Tygon tubh1g 
13. Vacuum hose 
1~. #8rubber$lopperwithone#3bore 

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

hole 
16. Test tube with side arm (Coming #9840) 
17. Three 3-way stopcocks 
18. Oil vacuum pump 
19. Vacuum desiccator 
20. Two desiccator jars 
21. Drierite 
22. Needle vatv~ 
23. Inert gas cylindu <Argon or Nitrogen) 
24. Rcauiator (or inert gas cylinder 
25. Pasteur pipets 
26. Pasteur pipet bulbs 
27. Wash botde containing acet<>M 
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.. 28. Wash bottle contalnln6 mdhlnol 
29. 1ocrc + oven 
30. . Vlslbk spuuophotomda and 

cuvctta 
31. flastlc T-conncc:tors 
32. 10 to 20 dlsposable hypodamic nudla 
33. Tlma 
34. DlyinQ column 
35. Applied Blosystans Rofenls: 

Part #400026. anhydrous amonitrk. or 

~23. 3S ldchloroecdcac:id In 
dichlorundhane. orequlvalrnt 
Part #400041. support bound dlmdh
oxytdtyl-N-benzoyl-ckoxyadcnosine 
Part #400042. support bound dimdh
oxytdtyl-N-benzoyl-deoxycyt~ 

P&rt #400043. support bound dimdh
cw.ytrityl-N-isobutyryl-deoxygu~e 
Put #400044, support bound dimeth
oxytrityl-deoxythymidine 
Part #400039, S' -dimcthoxytrityl-N
benzoyl-deoxyadenosine-3' -
phosphoramidite 
Part #400013, S' -dimethoxytrityl-N-= eoxycytosine-3' -
phos ramidite 
Part #400012. S'-dimcthoxytrityl-N
lsobutyrl-deoxyauanosine-3' -
phosphoramldite 
Part #400014, S' -dimelhoxytrity· 
thymldinc-3' -phosphoramidite 
Part #400016, S00ma lH-tetrazole 
Part #400018. cap8(6.SS dimdhyl
amlnopyddlne In THF>. or equivalent 
Part #400017, cap A (acetic anhydride/ 
2.6-lutldine/IHf l: l :8), or ec;uivaJent 
Part #400022, oxldidant (0. lM 12 In 
watcr/2,6-lutidinclfHF 1: 10:40), or 
equivalent 

36. Applled Biosystems Part #400055, reac-
llon vessel, or equivalent 

37. Rueent erade acetonitrile 
38. Rcatcnt ifade methanol 
39. Rcaeent Qrade nitromcthane 
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SYNTHESIS PROTOCOL 

lntrodacdon 

The protocol that follows is very detailed and 
intended as a guide for those who are inexperi· 
enced with organic chemical techniques in 
general and DNA synthesis in particular. It is 
important that successful syntheses are ob
tained with a minimum of initial failures. 
Thaefore the -sarest" procedure is pr~sented 
although it ls very tedious. Until some experi· 
ence is tained, cydes may require up to one 
hour. Afta several syntheses, the cycle lime 
wiD shorten to about 15-20 minutes. 

Before beeiMini the synthesis, a num· 
bu of photocopies of the protocol should be 
made. Each step can be checked off as it is 
completed so that no steps are missed. Mer 
usini the '-ycle a number of limes, the "OutBne 
of Synthesis Protocol· should be sufficient as a 
guide. 

Preparations Prior to Synthesis 

The foDowinl preparation 1s required the day 
before synthesis begins: 
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\. ()pm the phosphoramlclte stock 1.3 Wilh a Pasteur pipet. add about 
bottles and place 20 """*5 o( l.SmloCthe3S TCAsolution. 
the appropriate dimelhoxylrityl 1.4 Replace the sq>tum cap on the 
nudeoside phosphormnidita: ~IClion YUKI. 

U A U6.8mp> 1.5 Agitate carefuDy for 1 minute. 
2) C US.9 mes> 1.6 Mount the reaction vuseI (with 
3) G U6.2 mas> #2 stopper) into~ test tube 
4> T U4.1 mgs) with lhe side arm. ruse a separate 

into separate smaD tubes and seal test tube on each cycle if lrityl 
witi'i light fitting septa. yields are to be measured for 

2. Weigh 3.5 mg of tctrazole for each each cycle.) 

cycle planned in separate smaD 1.7 Attach water aspirator 3-way 
test tubes and seal wi!h sepia. outlet lo the side arm or the test 

3. Insert disposable hypodermic tube. 

needles through sepia of aD stock 1.8 Tum on the aspirator. 
botdes and measured a&quots. 1.9 ()pm the aspirator 3-way 

4. Place aD of the stock botdcs, stopcock to vacuum. 
tubes and vials into the vacuum 1.10 IUmow the ~ep1um from the 
desiccator and connect the desi- reaction vessel 
cator to a vacuum pump for at 1-11 Carefully open the reaction vesse: 
least 2 hours. stopcock and collect the solution 

5. Wash one 1 ml and two 1/•ml glass l.12 Cose the reaction vessel 
syringes with 5 inch needles with stopc:ock. 
acetone. 1.13 With a Pasteur pipet. add about 

6. Place syringes and plungers sep- 1.5 ml of the 3% TCA solution. 
arately into the oven. 1.14 Let it stand for 15 seconds. 

1. Weigh out 1 fUllOle Gf the desired 1.15 Carefully open the reaction vessel 
support bound 3' terminal stopcock and collect the solution. 
nudeoside (about 25 mg). 1.16 Oose the reaction vessel 

8. Phtce the support in the reaction stopcock. 
vessel. 1.17 With a Pasteur pipet, add about 

9. Place a septum cap on the 1.5 ml or nitromethaM. 
reaction vessel 1.18 Carer~ open the reaction vessel 10. Insert the stem or the reaction slope and coDect the solution. 
vessel throuQh the #2 rubber 1.19 Close the reaction vessel stopper with #3 be-re. 

stopcock. 
1.20 ()pm the aspirator 3-way 

THEADDmON CYa.E stopcock to atmosphere. 

1. Detritylalion <TCA> 1.21 Ranovc the reaction vessel from 
the test tube and Id= It with 1.1 Remove the septum f:om the t.he qde number !f tri yields are reaction vessel. (On subsequent 
'°~determined. c:ydes Che septum wm already be 

removed.) 2. Removal ofTCA 
1.2 Close the reaction vessel 2.1 Disconnect the aspirator IL'le from 

stopcock. the sidearm of the tesc tube. 
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• 
2.2 Connul lhc aspirator lne to the 2.23 Open lhc aspirator 3-way stop-

filler llsk. cock to atmosphere. 
• 2.3 Mount lhe ruction vasel on the 2.24 Tum off the aspirator. 

illerlask. 
3. Pr.,alion for Addition 

2.4 Open the aspirator 3-way 3.1 Ranoft the syrlnga and the 
stopcock to vaaJUm. pluneas from the Oftn to cool 

2.5 Wdh a Pasteur pipet. add about 3.2 Close the nt!edle valve oClhc Inert l.Sml or nltromdhane to the psNacuum aspirator systan If it reaction vase! 
2.6 ()pm the ruction vasel 

isopai. 

stopcock and drain tM solvad. 3.3 M,JUst the inert eas 3-way stop-

2.7 Close~ ruction vascl 
cock so that the inert eas lines ter-
mlnatcd with hypodamic 

stopcock. needles are dosed but the path 
2.8 ()pm the aspirator 3-way ladinl to the vacuum desiccator 

stopcock to atmosphac. isopm. 
2.9 Wdh a Pasteur pipct. add about 3.4 Tum on the inert eas. 

1.5ml oC nitromdhaM. 3.5 MJUSt !he vacuwn 3-way stop-
2.10 Replace~capon lhe cock so that the vacuum d~icca-

reaction tor Is not connected to the vac-
2.11 Remove the reaction vessel from uum pump but the desiccator ls 

the filter flask. connected to the needle valve in· 
2.12 Aaftate the reaction wssel to ert gas system. 

suspend the silica. 3.6 Very carefully open the nudte 
2.13 Remount the reaction vessel on valve while monitoring the bub-

the filter Oa:.k. bier. keeping a positive pressure 

2.14 ()pm the aspirator 3-way in the inert gas system (bubbler 

stopcock lo vaarum. must continue to bubble slightly 

2.15 Remove the septum from the 
at an times). 

ru'"1ion vcsscJ. 3.7 Continue to open the needle 

2.16 ()pm the ruction vessel 
valve until the desiccator has 

stopcoci< and drain the solvent. come to ambient pressure. 

2.17 Close the reaction vessel 3.8 Twist the collar of the desiccator. 

stopcock. 3.9 Remove the vacuum hose from 

2.18 Repeat steps 2.5 through 2.17. 
the desiccator. 

2.19 Repeat steps 2.5 through 2.17 3.10 Oosc the needle valve. 

twice with methanol. 3.11 Adjust the vacuum 3-wa\· stop· 

2.20 Repeat steps 2.5 through 2.17 cock to open the pump to 

twice with commercial reatmt 
atmosphere. 

• 3.12 Tum off the vacuum pump. trade acdonltrilc. 

SAFISIOP 
3.13 Adjust the inert gas 3-way stop· 

cock so that only the gas &n~s ter-
2.21 With a Pasteur pipet. add 1.Sml or minated with hypodermic 

commerc:W reagent lfade needles are open 10 the inert gas. 
acctonibtle. 3.14 Oyen th< desiccator. 

2.22 Place a new :;rum cap on the 3.15 Quickly remove aD of the ne~dles 
reactic,nva from the reagent bottles aaid 
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• tuba Halnlthan(rom pressurt Is set so that a vacuum is 
atmosphere. not created 1n lhe 1nat au 

3.16 Ranovie the~ c:onlalrmt lhe systan. 
dimdhoxylrilyl nudeoslde phos- 4.5 lnsat lhe lml ~needle Into 
phoramldila to be added and lhe anfr,'drous acetonltrile and &II 
one tube of ldraZole. Otancmbcr the syrinae. Dispose Into waste. 
dual the ftnt dlmcthoxyldtyl nu- 4.6 Insert lhe lml syrinfe nttdle into deoslde~!tcadded b anhydrous ecetonlllk. draw Is the second iftc 3' end.) 

up lml and add lhe solvent into 
3.17 Place stock bottla o( phusphor- lhe ruct1on vasel 

amldita Into the deslcadot 4.7 =open the reaction vessel 3.18 Remove the saew cap &om lhe to drain the solvent. 
anhydrous acdonilrilc and lhen doH immediately. 
qutddy recap with a rubber sq>- 4.8 Alain. insert lhe lml syringe lum. fnsat a MedJe from a taS 

needle into the anhydrous aceto-Bne thrcuQh IM Kptwn of the an- nilrile. draw up lml and add the hydrous acetonitrile bottle. 
solvent into the reaction vessel. 

3.19 Insert the V41111 syringe needle 4.9 ()pm the aspirator 3-way stop· Into the anhydrous acdonitrile. 
cock lo atmosp~re. draw up lo fiD the syringe and dis-

pose into waste. 4.10 Remove the reaction vessel from 
the filter flask. 3.20 Insert the Y41111 syringe needle 

4.11 Agitate the reaction vessel to sus. into the anhydrous acetonitriie, 
~raw up IOOuJ and add to the pend an the silica. 
tetrazole. 4.12 Replace the reaction vessel onto 

3.21 Vortex the contents of the tetra- the filter Rask. 
zole tube until an of the tetrazole 4.13 Open the aspirator 3-way stop-
is dissolved. cock to vacuum. 

3.22 Insert the V41111 syringe needle 4.14 Carefully open the reaction vessel 
into the anhydrous acetonitrile, stopcock to drain the solv£nt, 
draw up lOOul and add to the di- then close it immediately. 
methoxytrityf nudeoside 4.15 Repeat steps 4.6 lhrough 4.14. 
phosphoramidita. 4.16 Insert the 1 ml syringe needle into 

3.23 Vortex the contents of the dimeth· the anhydrous acetonitriJe. draw 
oxytrityl nudcoside phosphor- up lml and add the solvent into 
amidite tube until it is dissolved. the reaction vessel. 

4. Addition Reaction 4.17 CarefuDy open the reaction vessel 
4.1 Insert a needle from a gas line stopcock to drain the solvent, 

through the septum of the reac· then dose immediately. 
tlonvessel 4.18 ()pm the aspirator 3-way stop-

4.2 Tum on the aspiratot cock to atmosphere. 
4.3 ()pm the aspirator 3-way stop- 4.15' Tum ofl'lhe aspiratot 

cock to vacuum. 4.20 Insert the 1/4'1'11 =Into the 
4.4 '=open the reaction vessel anhydrous acd • 8D and 

st ro drain the lK>lvent. dispose Into waste. 
then dose immediatdy. Monitor 4.21 Remove the aas 8ne &om the an-
the bubbler maldne sure the eas hydrous acetonitrde bottle Md in· 
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sat IM nftck Into tM rubba S.4 Ranovt lhe 1as needles &om re-
• stopper plul. action wssd and ~and Cap 

4.22 1nsat lhe Va~ nttdlc B botda and insat needla 
Into IM tetnzole solution. draw into the rubber stoppr. plug. 

• up al ollM solution and add tc 5.5 Rernovt lhe reaction wssel from 
the ruction wsscl. lhe filter 11ask. 

4.23 lnsut 1M V.ml~ nttdlc 5.6 Aaftate the reaction vasd inter-
Into IM dirndhoXytrilyl nudco- mlttendy for 5 mlnuta to sus-
side ~e solution. pend the silica. 
draw up d olthe solullon and 5.7 Replace IM reaction wssd onto 
add It to lhe mtdion vessel the filter tlask. 

4..24 Ranovc IM 1as inc fiom the re- 5.8 Open the aspirator 3-way stop-
action 'ftSScl and lnsat h cock to vacuum. 
nttdlc Into h rubber stopper. 5.9 RemGw the aas Inc l'rom the 

4.25 RClllOft IM ruction vasel from sqJtum of the ructlonvasel and 
the fi1ter llask. plua 11Intotherubber51oppu 

4.26 Agitate the ruction vasd Inter- 5.10 Tum on the asplralor. 
mlttcndy for 5 minutes to sus- 5.11 RaJ'lOft the sq>tum tiom the re-
pend aD h silica. actionwssd 

4.27 Replace the ruction vessel onto 5.12 Open the reaction VUHJ stop-
the filta flask. cock to drain the solvad. 

4.28 Reconnect the gas line to reaction 5.13 Close the reaction vessel 
vessel. stopcock. 

4.29 Tum on the aspiratot 5.14 Open the aspirator 3-way stop-
4.30 ()per the aspirator 3-way stop- cock to atmosphere. 

cock to vacuum. 5.15 Tum off the aspiratoc. 
4.31 CarefuDy open the reaction vessel 

6. Oxidation stopcock to drain the solution. 
6.1 With a Pasteur pipet. add about then dose it immediately. 

4.32 Open the aspirator 3-way stop- lml of the oxidizing solution 
(0. lM 12 in water/2,6,-lutidine/ cock to atmosphere. THF 1:10:40)tothereaction 

4.33 Turn off the aspiratot vessel. 
5. Capping 6.2 Replace the septum cap onto the 

5.1 Insert needles from the gas ines reaction vessel. 

into both the Cap A and Osp 8 6.3 Remove the reaction vessel from 
bot des. the filter flask. 

5.2 Insert the Y41111 syringe needle 6.4 Agitate the reaction vessel to sus-
Into the Cap B soluUon (6.5~ dJ- pend the silica. 
methylaminopyridlne In THF). 6.5 Replace the reaction vessel on the 
Draw up 0.15ml and add It to the filter flask and let stand for 5 
reaction vasd. minutes. 

5.3 Insert the Y41W syringe needle 6.6 Remove the septum from the re· 
Into the Cag_ A solution (acetic an- action vessel. 
hydride/2. lutidinc/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 10 vacuum. 
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6.9 Open the ruction wsstl stop- 7.19 Oun lht syrin~s as dacribed • cock lo drain the solved. under MlttpaRtio.'\ W steps 10 
6.10 Close the reaction vasd and 11. 

SlOpCOCk The cydc Is now complete. Repeat the cycle 
7. Ranoval of'lodlne betiMinl with Step 1. l with the appropriate 

7.1 Wilh a Pasteur pipd. add about dimdhoxytrityl nudeoside phosphoramidite 
l.Sml of' methanol to the ruction until the desired length is achicwd. 
vessel. 8. Trityl assay. 

7.2 Open the reaction vasd Slop-
The hllh absorbana at 498nrn CE= 7.0 x 104

) cock to drain the solvad. 
of' the dimdhoxytrityl cation which was &ber-7.3 Close the reaction vasd ated d\Jrini ddrilylation affords an assay of the stopcock. 
coup&ng dlicimc:y of uch nudtockfe addition. 7.4 Open the aspirator 3-way stop-

8.1 Detaminc the volwne M of the cock to almosphae. 
trityl solution coD«ted In the test 7.5 Wilh a Pasteur plpd add about tube with side arm. l.Sml of' methanol to the reaction 

8.2 Remove O. lml by syringe or pipet wssd. 
and dilute Into 3ml of 0. lM tolu-7.6 Replace ~capon the enauffonlc add lit acdonitriJe. radlon 

8.3 Rud and record the absorbance 7.7 Remove the reaction vessel from (A) at 498nm. the mw flask. 
8.4 Calculate the quantity On µmoles) 7.8 Aaltate the ruction vasd to sus- of trityl: pend the si&ca. 

AxVx 31 (dludon t.cfor) • tunOla lrilyl 7.9 Replace the reaction vessel onto 
70 ml p.moi • I - tunOla the mter flask. CJllonudcotidc 

7.10 Open the aspirator 3-way stop- 8.5 Rinse the test tube with side arm 
cock to vaarum. and the spectrophotometer ceDs 

7.11 Ranow the seplUm from the re- r.xtensively with methanol, then 
action vessd. acetone. 

7.12 Open the reaction vessel stop- 8.6 Repr.at 8.1 through 8.5 fer each 
cock to drain the solvent. trityl solution if step yields are to 

7.13 Close the ruction vessel be monitored. 
stopcock. 

7.14 Repeat steps 7.1 through 7.13 
once. 

7.15 Repeat steps 7.1 throuQh 7.13 
twice substitutint nltromdhane 
for methanol. 

7.16 Open the aspirator 3-way stop-
code to atmosphere. 

7.17 Turn off the aspirator. 
7.18 Disconnect the aspirator vacuum 

hose from the mter flask. 
wanor 
an.A owrnllfll. aplhc rudan ftlMf""" 8 MW 
llplUal 
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ountn OF SYNTHESIS PROTOCOL 

I. Ddritylallon 
Treat for 1~minuteswith3S trichJoro. 
acdlc add In dichloromethan.t 
Rinse with 3S trichloroacetic acid in 
dichloromethane 
Rinse the support with nitromethane. 

0. Support Wash 
Wash and nnse• twice each with 
nJtromethane 
Wash and rinse twice each with methanol 
Wash and rinse twice each with commer
cial Qrade acetonitrlle 
Add acetonibile to the reaction vessel 

Ill. Addition 
Seal the reaction vessel under inert eas, 
drain the acetonitrile and wash and rinse 
twice each with anhydrous acetonitrile 
Dissolve the dimethoxytrityl nudeoside 
phosphoramidlte in anhydrous acetoni· 
triJe to 1iVe a 0.2M solution 
Dlssolvc the tetrazole in anhydrous ace
tonltrile to Qive a O.SM solution 
Treat the support with letrazolc and the 
dirncthoxytrity nur'..eoside phosphorami
dite for 2-S mfuutes With Intermittent 
aQHatlon 

w. Cappln1 
Treat the support with 0.15ml of 6.SS 
DMAP in THF and 0.1Sml 2,6-lutidlne/ 
acetic anhydriden'HF C 1: 1 :8) for &ve 
minutes 
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v. Oxidation 
Treat IM s~ ~or S minutes with 0.11~ 
lz In HaOO.&.:lutidine/IHF 1: 10:40 

VI. Washlnt the Support 
Wast~ and rinse the support twke each 
with methGnol 
Wash and rinse the support twice each 
with nltromethane 



DEPllOTECTION PROTOCOL 

Dlscussloa 

Upon compldon of the synthesis, four steps 
arc necessary to yidd biologicaDy active DNA 
These are: 

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

2) Alkaline hydrolysis of the oligonu
deotide 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· 
tylgroup, 

The chemistry of the deprotection Is 
stralQhtforward, how~ a number of facts 
should be considered. Thiophenol. used in the 
ranoval o!the methyl phosphate protecting 
trouJ>!, should always be handled very care· 
ff.dly. In addition to its corrosive and toxic prop
ertla, It produces a long lastinl stench. Thio
phenol should only be handled with tJaves in a 
hood. The sulfur Lo; readily oxidized by com
mon household bleach. AD contaminated 
tJassware should be neutraDzed with bleach. It 
Is also advisable to have bleach available In 
case of a splD. 

Concentrated ammonium hydroxide Is 
used to clave the oUgomer from the support 
(at room temperature) and to remove the base 
protectlnt frOUps (at ss•c>. The concentration 
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of' the ammonium hydroxide is critic3I in 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 coniainer should be well capped 
to pmrent any loss of ammonia. 

MAnRJALSAND REAGENTS UST: 
1) 1Sml graduated conical test tubes 
2) Pasteur pipetS 
3) Pasteur pipct bulbs 
4) Rubber septa <Aldrich #Zl0,076-5) 
5) Copper wire 
6> 55• on bath 
7) Evapomix or spin ~porator to 

lyopholize volatile solvents 
8) 10-15ml screw cap ~est tubes 
9) Applied BiosystemsPart #400030 

thiophenoVtriethylamineldioxane 
1 :2:2, or equivalent 

10) Reagent grade dioxane 
11) Reagent grade methanol 
12) Reagent grade diethylether 
13) Concentrated ammonium 

hydroxide 
14) SOX aceticaddinwater 
15) Bleach 
16) Solution of 0.0lM TEAS 

(trfdhylammonium bicarbonate) 
1 n Sephadex GS0-40 

DEPROTECTION STEPS 
1) Conversion or the triester to the diester 

1.1 With a Pasteur pipet. add 1.Sml 
diethylether to the reaction 
vessel. 

1.2 Tum on ~h • aspirator. 
1.3 Open the aspiraror 3-way 

stopcock to vacuum. 
1.4 Open the reaction vessel 

stopcock to drain the solvent and 
aDow the support to dry. 

1.5 CloH the reaction vessel 
stopcock. 

,, 

• 

• 
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• 1.6 Open the aspirator 3-way 
stopcock to atmosphere. 

1.7 Tumofl'theespirator. 
1.8 Remoft the reaction vasel from 

the mta flask. 
1.9 Jnvat the reaction wssd Into a 

lSml conlcat test tube? and collect 
theslBca. 

l .10 RJnse out the residual siBca from 
reaction vusel with dioxane and 
add lt to the conlcaJ test tube. 

1.11 Centrifuge or aDow the support to 
settle. 

1.12 Cardullydecantthedioxane. 
1.13 With a Pasteur plpet. add lml or 

the thlophenolltriethylamine/ 
dloxanc l :2:2 solution. 

1.14 Quickly ~p 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 Jet 
it stand 45 minutes al room 
temperature. 

2) Washing the Support 
2.1 Remove the septum from the 

conical test tube and place it in the 
bleach. 

2.2 Decant the solution into the 
bleach taking care to avoid loss or 
smca. . 

2.3 With a Pasteur pipet, add about 
Sml or dloxane. vortex (or agitate> 
and centrifuge (or aJ10IN to setde). 

2.4 CarefuDy decant the solvenl 
2.5 Repeat steps 2.3 and 2.4 four 

times with methanol. 
2.6 Repeat steps 2.3 and 2.4 once 

with dlethylether. 
2. 7 Let the sillca dry. 

3) Hydrolysis of the OUe<>mer from the 
Support 

3.1 Remove the concentra1ed ammo-
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nium hydroxide from IM 
refrigerator. 

3.2 With a Pasteur pipct. add lml of 
concenuated ammonium hy
droxide to the conical test tube. 

3.3 Place a septum on the test tube. 
3.4 Fasten the septum cap with cop

per wire. 
3.5 Replace the ammonium hydrox

ide In the refrigerator. 
3.6 ADow the reaction to proceed at 

room temperature for 2Yl hours 
with periodic agitation. 

4) Hydrolysis of the Base ProtectionAcyl Group 
4.1 Remove the concentrated ammo

nium hydroxide from the lieezer. 
4.2 Remove the copper wire to re

lease the septum on the test tube. 
4.3 Remove the septum and carefully 

decant the solution into a test 
tube with a tight f:!tinq screw c:ap. 
Remember that the pfoduct ls 
now ln the solution and no longer 
bound co the silica support. 

4.4 Cap the lube. 
4.5 With a Pasteur pipet. add lml of 

ammonium hydroxide to the con· 
ical test tube containing the sup
port. vortex (or agitate) and cen· 
trifuge (or aDow to stand). 

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

4. 7 Cap the ammonium hydroxide 
and place it in the refrigerator. 

4.8 Place the te:st tube containing the 
oligomer into the 55• bath for 8-
18 hours. 

4. 9 Lyopholize to remove the ammo
nia. JC trityl selection revasc· 
phase HPLC is to be used to pu
rify the olie<>mer. a voladle base 
such as trietbylarnine should be 
added drop-wlse periodicaDy 
durinQ lyopholization to maintain 
a basic environment. 
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4.10 The o8gonuckolide Is now in the 
proper rorm for purification by !li
tyl selection on revuse-phase 
HPLC. After purification. continue 
with step 4.11. If other than re
verse-phase purif1ealion is used. 
continue with step 4.12. 

4.11 lyopholize tne purikd fractions 
collected from the HPl.C. 

4.12 Treat the resultant dry pellet with 
80% acetic acid in water for 45 
minutes at room temperature. 

4.13 lyopholize lo remove all the 
solvent 

4.14 Resuspend the pellet in ethanol. 
vortex and lyopholize. 

4.15 Repeat step4.14. 
4.16 Take up the pellet in 0.2ml O.OlM 

TF.Jm. 
4.17 Desalt on Sephadex G-50-40 us

ing O.OlM TEAB as the mobile 
phase. 

4.18 Combine the first 3ml which 
show absorbance at 260nm. 

4.19 lyopholize to remove all the 
solvent. 

4.20 Resuspend the pellet in ethanol. 
vortex and lyopholize. 

4.21 Repeat step 4.20. 

The DNA should now be biologicaDy active and 
rHdy for purification and characterization by 
gel electrophoresis. 

.. 
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