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human i nsul i neodons “pregameefol e esprassiorodianidrobiabgencmess’t r uct i on of a recombi nant

pl asm d capabl e of expressing the B chain of 5 human insulin. 1.
Preparation of Genes Codi ng for Heterol ogous Pol ypepti de DNA codi ng for any
pol ypepti de of known am no acid sequence nmay be prepared by choosi ng-codons
10 according to the genetic code. For ease for exanple in purification,

ol i godeoxyri bonucl eoti de fragnments of, 10 for exanple, from1ll to 16

nucl eotides are prepared separately, then assenbled in the desired
sequence. Thus, one prepares first and second series of

ol i godeocyri bonucl eoti de fragnents of convenient size. The first series,
when joined in proper sequence, yield a DNA coding strand for pol ypeptide
expression (see e.g. Frgure 2, fragments A, B, C and D). The second seri es,
when |ikew se joined in proper sequence, y|eId a 15 strand conpl enentary to
the coding strand (e:g., Figure 2, fragnents E, F, G and H). The fragnents
of the 1 5 respective strands preferably overlap such that the
conplenentarity pronotes their self assenbly through hydrogen bondi ng of

t he cohesive ternminii of fragnment blocks. Follow ng assenbly, the
~structural gene is conpleted by ligation in the conventional manner. The
degeneracy of the genetic code pernits substantial freedomin the choice of
codons for any given 20 anmi no aci d sequence. For present purposes, however,
codon choi se was advant ageously guided by three 20 considerations. First,
codons and fragments were sel ected,  and fragnent assenbly was staged, so as
to avoi d undue conplenentarity of the fragnents, one with another, save for
fragnents adj acent one another in the intended gene. Secondly, sequences
‘rich in AT base pairs (e.g. five.or nore) are avoided, particularly when
preceded by a sequence rich in GC base pairs, to avoid prenature

term nation of transcription. Thirdly, 25 at | east a majority of the codons
chosen are those preferred in the expression of mcrobial genones [ see
e.g., 25 W Fiers, et al, Nature 260,500 (1976)]. For pur poses of the
appended clai ms, we define the'follomnng as codons "preferred forthe

expressi on of m cr obi al genones": . . GB 2008 123 8 . 5 TABLE 1
PREFERRED ASSI GNVENT OF CODONS 5 _ First. Position =~ ' N
-Second Position - - Third Position . 5 (5" End)

(Read Across) - - (3" - End)

5

-—

5



T C A e (Ret

- ' - .CYysS TT ..
ser tyr _ . Cleu - . =-_ .
St op A 15 , GB2008123 B s&r
tTp G oo z pT o 1 arg— i
| | ﬂmgl pro hi s ' arg N\
pro gl n _ ' ~AC o -
gin - - PREFERREDAssmNMEM%F cooous o
_ thr . asn Tile - t hr
asn 5  FifsBPosition - "CA :ﬂaennu Posmon A Thwdmm@qt art) s
t hr |5’ End) - {Read Acros(} ' 30 val End)- - al a
- asp {Rehd/Down). T T € 38 val G - (ReadDown) g3sp
- ~ Cval L __':_C|Iu ' - A G
val 10 ala - glu . - S G40 - 10

40 Most preferably in the gse- of sorrat ostatl n, thegamnm no aC| d codon)
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t he gene i s pree . . _ e -
foll owed by one or nore term natl on or stop codons (see Fig. 2) Hovvever

as describedinfra the amlgp acid ggauence (@f a par;,.bcul ar 50 pat ypepti de _
may beexpressed with addig) onal PpRt ei:n prgcedi ng ggd/ or followng it. I2p
the intended use aof 50 th.gu pol ypepjol de reqgui res cl eavage of thes additional
protein,: appropgiate cl eavage si tegroare cogmd for adjacent-to the .
polypeptlde - additional protein codon junction. Thus, “in Figure 1 as an
exanplg, theexpression proauct 'Sa precursor protein conprising both 2
somatostatin-and the greatest part of the [err]-gal actosi dase pol ypepti de.
Here ATGis not required tie code faw the stasrt of translation beause .

ri bosomal construction of &5 the aditionalasferr]-gsr protein reads t hrough
into the somatostatin struetural gene. Incorporation of the ATGAS55 signgl,
however, codes Aor the prodebtartbn & et hi di ne, an—amino aci d s$ecifical y
cl eaved by cuanogen brom de, affording a facile nethod for converting
precursor preteH—hRte—the—testtet—potypeptide—Fgure—2—atsoexenptifies
a further feature preferred in heterol ogous DNA i ntended for reconbi nant
enpl oyﬂﬁent i.e., the provjgpion of aGohesi veed ermini gy, preferabl yr conpri sidig
one of the two strands of g 60 restriction gndonucl ease recognitgon site.
For reasons previously disgyssed, the ternmgn are preferably 60adesigned
‘to create respegtively dif§serent remogniti gyu sites wpon reconbi mation.

VWi | e gghe devel opnents descri bed here have been denonstrated as successf up
with the somatostatin model it will he appreciated that—heterologous DNA
coding for virtually any know am no acid sequence may be enployed, nutatis
mut andi s. _Thus, the technr revr ous%i;agand hereafter discussed are
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synt hesi zed by the bl ock phosphot- riester 'nmethod using trlnucleotldes as
bui I ding blocks and ultimately purified with high performance |iquid -
chromat ography (HPLC). The human insulin A and B chain synthetic genes were
then cloned sepa- 40 rately in plasnmd pBR322. The cl oned synthetic genes
were fused to an.E. Col [err]-gal actosi dase gene as before to- provide
efficient transcription, translation, and a stable precursor protein.

I nsulin peptides were cleaved from[err]-gal actasi dase precursor, det ect ed
by radi oi nmunoassy, and purified. Insulin-radioi mu- noassay activity was
then generated by mixing the E. Coil products. 45 1. Design and Synthesis
of Human Insulin Genes The genes constructed for human insulin are- deplcted
in Figure 9. The genes for human insulin, B chain and A chain, were
designed fromthe am no aci-d sequences of:the human polypeptldes. The 5'
ends of each gene have single stranded cohesive termni for the EcoRl and
BanH restricti omendonucl eases, for the correct insertion of each gene
into plasmd pBR322. A Hindlll endonucl ease recognition site was incor- 50
‘porated intothe mddle of the B chain gene for the am no acid sequence

A u-Alato allow anplification 50 and verification of each half of the gene
separately before the construction of the whole B chain gene. The B chain
and the A chain genes were designed to be built from 29 different

ol i godeoxyri bonucl eoti des, varying from decanmer to pentadecaners. Each
arrow i ndi cates the fragnent synthesized by the inproved phosphotriester
met hod, H1 to H8and Bl to Bl 2fortheBchai n gene andA and All fortheAchain
gene. 55

55 2 Chem cal Synthesis of Cigodeoxyrlbonueleotldes Mat eri al s and net hods
for synthesis of oI|godeoxyr|bonucleot|des were essentially those described
in Itakura, K et al (1975) Jo Biol. Chem 250, 4592 and Itakura, K etal
(1975) J. nmer. Chem Soc. 97,7327 except for these nodi fi cations: 60 (a)The
fully protected nDnonucIeotldes

5'-0-di met hoxytrityl -3 -p- chlorophenyl [err] cyanoethyl phos- 60 phates,
wer e synt hesized fromthe nucl eosi de derivatives using the nonofunctional
phosphoryl ati ng agent p-chl orophenyl-[err]-cyanoet hyl phosphorochl oridate
(1.5 nolar equivalent) in acetonitrile in the pre- sence of 1-nethyl

i mdazol e Van Boom J.H et al (1975 Tetrahedron 31, 2953. The products
were isolated in large scale (100 to 300g) by preparative liquid

chromat ography (Prep 500 LC, Waters Associates). 65 65 (b) By using the
sol vent extraction nethod [Hrose, T. et al (1978) Tetrahedron: Letters,
24491 32 bifunc- 14- GB2008 123 B o

14 tional trinmers were synthesized (see Table 1V) in 5to 10 mmol e scal e,
andl3 trimers, 3 tetraners, and 4 diners as the 3'" term nus blocks, in 1
nmol e scal e. The honpgeneity of the fully protected triners was checked by
thin [ ayer chromatography on silica gel in two nethanol/chl orof orm sol vent
systens: solvent a, 596v/v and solvent b 1096v/v (See Table IV) Startlng
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= 10 ponent with 2% benzenesul fonic acid. The 3'-term nus bl'ock previ ousl y#
referred to was treated with 2% 1 0 benzenesulfonic acid to give the -

¥spondi ng 5' - hydroxyl The coupling reaction of an excess of the -~

pjosphodi ester trinmer (1.5 nolar equivalent) with the 5 drox I .

onent ,- however, obtained (1 nolar equivalent) in the pr @5%

2, &, 6- +++ i Sopropyt ucuwueaui fonyt—tet ra20|-| de (TPSTe, 3 o 4 eqw va- I ents)w

15

~went alnost to conpletion. To renove tbReEwess of the 3'-phospho- diester
bl ock reactant. the 15 reactl q? % mgg@éﬂmmh a short silica gel
col um set upon a sintered glass T e colum 15 was washed, first

and CHCI 3 to el ute sone -side products and the coupling reagent, and t hen
W th [errhI (95. % V/?\Qn |.nMy.ch al nost gal | - of thepukityd*y pr oifigade®d ol i goner
was el ute Undef  these condi ti ons,,the char ged 3 (%phosphamvs!rer ‘bl ock
reactant remained in the-colum. Sinmilarly, block couplings were repeated
until the gesiredahgngth was constoiscted. 040 GB 2 €808 123BBB6 15 TABLE |V
SYNTHESI S ©F TRI Mgy BUL LDI4§JG BLOCKERENo.. .0.52Conpouasd * Vi &AL, A8 -

Rf 3 PUraAg*r* o fo2eire 0056, . .93 b. H5BBAZAB
Present Ing. 1 . acr AAG- 43 . .4@21 . 08530. 15 91 . (. B&B5 A8 . g3
"B5, B6 2 5 "AATacc . 6649 - 033 (.:29.60 9652 87 95 HL,
Al, A6 3 &6 “AAEB - 39 52 - 0.8 . 0.295 99 55 HEB7 g3 .- HE.
B6, A2, A874 AGACT - _".4_5_-; 43 0.10 © .89 ' 53HE,HLBI g

B4, B5, A685 - AGTACC .33 55 014 . 9% o BaAZAIY

B7 6 . 9 ACG AGC. 3g;o' .. 0P 0. 459 rgom 'AB, AQO B, B?
7  AGG AcA 45 48 0.81-6; e 95 94 7, a3 16, H7, B9
S | gg TTC gg 9 80:1}9 94 96 3;3 HS, A2, El_’sgAéglAll

0. . 96

A5, A10 103 TAEA °8 48 5 0.50 W1 M2, HaOk

AO'11 M orrc TeAT 4R 0226 03 0. 59 Ad5 ,
B7, A3 12 12 ﬁf? 32 49 010 8P. 31  u3 A1, A6 .

H3, 15, A2, Ag AS 1316 7 01858 047 0. gat He)B2i D4, A7, A8 96
A4 14 48 TCA 16a 0.19.28 o037 0.58 ‘HP2 H1,
H2, HA, AlglS Tac TCG g1 38.22 0500.12 90  0.3B# A1 091

A2 16 20 TGG tan = 36 0.19.10 o044 O0.285 BSQX10 H3,
A, A0 17 cEEC 53 51 030 (0.853 97 0. 47 H3,H4,8103

H6, B2, _A422 A7, AgALS 47 TGA 0.25 4851 920.12 A3 0. 37

94 337 19 caan TAGs 088 051 (.2283 0H%: 46, H8, A7 90
B4, All 2024 CTARA 41 55 028 00.847 92() 44 B2 B9, Adgg

B5, Al0 2125 oGaT 40 53 027 530 930.55 A7

H3, H4, Bilfs 22 CGT CAC 75 . 050 9 o5 89 0. B3 H4, B3, B1 92

A3 23 27 CAA GGT 53 0000 25 026 o 50 5?3

H6, H8, A72®@4 GTT CTT 46 - 4918 04 og 9B 0 5 A6

B2, B9, A42®5 GTA CcA 38 4625 050 (- 27 95 , BS, ® ps 93

A7 26 30 CGT GAA 789 0150 o5 0.39 5@8 % 3,B >
H4, 83, B13D7 GAT T 52 352 049 5 g

B3 28 -~ 32 GIT GCA ‘6 18 93 g 450 °82 20
GTGAAA 38 Fully prote deoxynucl otidas; 5—0— 95 B6, B8 A6 30

GAT 32 Dlmetho g —3'—p—ChIo op y|—ﬂ—cvanoet§ phosphate HIO 852\9 gg A5 31
GCA ':22 Yleld was erall yield ca ul d from the 5'— o5 roxvlmonomeB.. Eul | y
’ s I . :

protected tri deoxynucl eot| daémys'SS 0-

D met hoxytrityl-3"-p-Chl orophenyl -[err]-cyanoet hyl phosphate ** Yield
was the overall yield calculated fromthe 5'-hydroxyl nononers ***

Based on HPLC anal ysi s 16 GB 2 008 123 B
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H gh pé€rf or nance I'i qui d chromat ography (HPLC) was used extensively during

ol i gonucl eotide synth- esis for a) analysis of each trinmer and tetramner

bl ock, b) -analysis of the internediate fragments (hexam ers, nononers, and
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* suitable assay. Easily detectabl e insulin activity is, obtainéd-af.ter m™iTg
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