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Benedict’s Test

A. Preparation of Benedict's Reagent

CuSO,.5H,0 + Na,CO, + Na,CH0O,
Copper sulfate Sodium Sodium citrate
pentahydrate carbonate

Benedict's Reagent
B. Benedict' Test Reaction
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Proe. Nat Aead. Sed. 1'84
Vol 68, No. 12, pp. 2013-2017, Decensber 1071

Specific Cleavage of Simian Virus 40 DNA by Hestriclion Endonuelease
of Hemophilus Influenzae®
igel electrophoresis/electron microseopy /INNA mapping/DNA fragments/tumar viras)

KATHLEEN DANNA AND DANIEL NATHANS
Drepartment of Mizrobiologr, The Johne Hopking Usiversiy School of Medicins, Baltimors, Muryiand 21005
Communioaded by Afberf L, Lekniper, Seplember 88, 1577
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TasLe . Molerulor weights of S¥40 DNA produced by cleasage with H. ind

Hadimentation analysis

E"“"T'_“"ﬂm Disributhon of Inbel Maolecular weight — Molecular walght
Malezular Balecular LR A H2 A2heu
%% length weight weight. 51 A T .'m;l
Product £ 18D [ 10e4) o (= 100 8 {0 107) [ 104
A 2Lk L6 8.5 -} 7.2 LI | .1 .4
0.8
8.7
a4
B 130 1.4 4.2 18 54 0.2 4.8 7.5
R
. BB
4 10,6407 3. . 5* 3.2
il 106+, 7 3,2 0.5 3.2 R.2 1.2 5.9
5.2
E T7x1.4 2.3 7.5 .31 7.6 2.4 4.7
F 7.59 z.af
& 7 4 | 7.2 20 4.2
H 3.0 1.2 .0 1.7 3.6
I 5.3 1.0f
J 4.1 0878
K EN] 0.74%

* Thisse valuis were chisined with o mixtare of O and 5. Pervent distribution of lakel was divided by 2.

t Thisse viliis wers obilained with & mixture of Fand F. Percent distribution of babed was divided by 2,

t Malscular weights were estimsted from mobilities of the prodocts in 6 59 palyacrylamide gel, with 4 rough F e standsrds (s
Fig. 5%

Prae. Nal. Aead. Bei. 1784
Vil 68, Mo, 10, pp, 2004200, Cetaber 1872
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Biochemical Method for Inul:rti.nﬁ New Genetic Information into DNA of
Simian Yirus 40: Cireular 3V40 DNA Molecules Containing Lambda
Phage Genes and the Galactose Operon of Escherichia coli

(melecular hybrbds TNA jolningviral tronsfs i

i ]

DAVID A. JACKBON®, ROBEERT H. EYMONZ2Y, AND PAUL BERG
Dwgarimast of Biochemistry, Stanford University Medicad Center, Bianford, Califords $4805

Contribuind by Paul Berp, July 51, 1978

ABSTRACT We have developed methods for sovalently
joining duples DNA melecules o one ancther and have
usid Lhese téchnigues o constrect circular dimers of
SVl DNA amd 1o insert a DNA segment contsining lsmbads
phage genes and the galsctoss aperon of E. coll into SV
THsA&, The method invelves: (o) comverting elecular
S'HI} DA to & linesr form, (B) -d.i ing slngle-strmided
[ deewny paly maerbe of defined composition
ard lemgih to ihe ¥ epds of one of the INA strands with
the enzyue terminal deospnucleatidyl transferase (r)
udding ]

o thie other I¥NA nln-d t.rﬂann"'lin. liw!w [ LI mule-
cmles to Form & circular duples stroctuee, amd (e) Blling
the gnps and sealing nkcks in this strueture with E. cali
DNA polymersse and DNA ligase to & covalently

s DNA

MATERIALS AND METHODS

DN A. {a) Covabatly closed-circular duplex SV DNA
IBV40(I) | Mabeled with [MHAT, 5 % 107 epm,/ug), free from
BY40 linear or oligomeric molecales [but containing 3695
of nicked double-stranded circles—BVHKIT)] was purifed
from BVélkindected CV-1 cells {Jackson, I, & Berg, P, in
preparation). (B} Clossd-ciroular duplex Adigal DNA hbeled
with [YH AT (2.5 3 10/ opm/ug), waa solated from sn E. coli
struin containing this DNA s an sutonomously replienting
pasmid (e ref. 31 by eguilibrium sedimentation in CeCl-
ethidium bromide gradients (4) sfter bysis of the cells with de-
tergent, A more detailed charsoterimtion of this DNA will
be published kier, Present informstion indicstes that the
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1950 - Alexander Todd
H-phosphonate synthesis

Nucleotides Part XXXII.* Synthesis of a Dithymidine Dinucleotide
Containing a 3" : §'-Internucleotidic Linkage
By A. M. Micherson and S ALexawner R. Toop.
[Reprint Ovder No. 0258.)

A dithymidine dinucleotide (V) has been synthesised by condensing
¥:-acetylthymidine with thymidine 3-(benzyl phosphorochloridate) §-{di:
lsenayl phosphate) and subsequently removing the protocting groups.  This
represents the first preparation of a dimsclestide by chemical means and since
ihe symibetic materal bebaves towards enzymes exactly as the dinuclestidic
fragments obtained by degrading desxymibonuclec acids the postulate of a
¥ ; §-isternucleotidic linkage in the katter is further confirmed. Thymidine-
1 thymidine-8" phosphate has alnu hﬂ prq'md. and by -products isolated
include s dinucleoside py wle pyrophosphate.

Iw previous papers of this series we have described the preparation of the 3'- and 5°-phos-
phates of the natural deoxyribonucleosides thymidine (I; R = R’ = H) (Michohon and
Todd, [., 1053, 851), deoxycytidine (Michelson and Todd, [., 1064, 34), deoxysdencsine and
deoxyguanosine (Hayes, Michelson, and Todd, J., 1955, 808), and have identified the

* Part XXXI, J., 1905, 2508,

e n Entr DMTO.
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1950 - Har Gobind Khorana

Phosphodiester synthesis

(CoxrrmsuTaos Fros Tes Cimmorey Drviseos oF Ten Bt Covvsesis Researen Cogwen]

Studies on Polynucleotides. I A New and General Method for the Chemical
Synthesis of the C,'-C," Internucleotidic Linkage. Syntheses of
Deoxyribo-dinuelestides?

By P. T, Gmaas axm H, G, Knoraxa
Receovee A D4 1058

A mew method as besn dev (chdf ‘ tlu specifie syuthests t |'.= Asturally-sceerring (Cy'—Ci'l mu_lx.q.ule}.ng
i Invaives reaction of & sitably protected S runsbotide With & sesied proteted eacr-amieoibls o awadeothlt b Tv
ylcarbodlimi ;- rolesenalfeny] |||'\ﬂ||= By this approsch the Lises dingclearids phisphates

ce of dieye
i and Vil hare been prepared in geod ares. are deserd r e symthesh of denayriso-dive

1:[l \Ilb II'\.II'I b teld.  Procedy k! hed fo of el leo-

ing 5 cpptiord emd-grouse; (Smw are illodrated by the syntheds of the two iessers: dithymidine di.
—.:'.wnan fxu in IV}, aed & mined dlooelestide (XVI) contuining rhe suclessiden. desxvadesosine wod thymidine.
Tl-tl!-lllllla‘!m-;m nd wcidic 11'P1.1|=|w experimeats. are recorded and these provide sddiional characserizstion of the
wyntbetas compapads.  Somee genesal ohierations on the wipe wid mechinism of this method of “phisphofisier” iynthesis
alse ave included.
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1960 - R. Letsinger[22] and C. Reese

Phosphotriester synthesis

Synthesis of Oligothymidylates via Phosphotriester Intermediates

Robert L. Letsinger and Kebvin K. Ogilvie

Contribution from the Deparimens of Chemisiry, Novihwestern University,
Evanproa, Mimais 60200, Recefoed December 23, 1948

Abstracti A procedure i desiribed for the lirge-scale preparation of A-cysnoethyl eiter derlvatives of 5°-0-
moncmetheaytriiyl TpT, 'I‘pr'l and TpTpTpT. The essential feature is a double phosphorylation, the first
step of which involves rea a termemal 3'-0H af & ucleoside with 3-cyanoethyl phosphate and mesiylens-
sulfoay] chloride and the mﬂlﬂq’ condensation of the resulting phosphodiester with thymidine in the presence
al ulfonyl chloride.  The products afe separaled W#MWID‘!MNHII*W«N?[
acetase snd ietrahydrofiern,  They may be converted in high yield to the corresponding demetbaxyiritylated de-
rivatives and thence to TpT, TpTpT, asd TpTpTpT. respectively, by successive trearment with agueces acetic acid
and smmonium hydroside.

MMTO

o) ML Base
:
! 8] ]
o TEN 1pgg Osp O~y
0. —_— O’Jg
H = . Base
. Base
RO
RO 2 3

kati fazda sentez 7777
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1970-80 - Matteucci, M. D.
Caruthers, M. H.

Phosphite triester synthesis

Synthesis of Deoxyoligonuclectides on a Polymer Support!

M. I Mattencel and M. H. Caruthers®

Contribudion from the Department of Chemistry. University af Colorada,
Boulder, Colorado $0M0Y. Received Sepiember 18, |08

Abstrach The development of & new method far symihizsi leotides i descvibed. T!*.mhu.uﬂl,ulb}
Hhuﬂllﬂ-w‘ﬂﬂmﬁﬂh%mﬂiﬂhmuml-ﬂ’ b linkmd
thigugh the ¥-hydnoay o s carbanylic ssid lunctional growp on the sepport. ThnMnlutlu-chdl.rrlulml'umn'-lwh
i attmched ioa pump and o series of valves. The chemica| steps for the sddizion of one nucleotide o the suppon are e follows
(1) detritylation using ZnBr; in sitromeihane (30 man): (2) condensation of o ¥-0-(dimeboaytritylideonynucleoside (3

methonyistragoyl kpbosphing with the suppori-bound nucloosids I,Ellnl_l [E}] Hu:h. unreasved, meppor-bound mscleouds
hﬂmﬁm-{lﬁ.mﬁﬂwﬂeﬂmkm jid of ph 1o phosphates with [; (3 min). Completed
denuyoliporsclentides are walined by with thisphesci ssel amimeniuen hydrenide, purification by revenic-phase
Mw:ﬂwmﬂmmﬁ ThrruM Iw.'hmh'ﬁtij-{h.u]!-hmmldh-chm:hulﬁ
wddilion cycle), yiokd i avoess of %5% per d. und isclmtion of the firal produc is & smpie one-siep
column purification. The synibeses of #(C-G-T-C-A-C- i-A-"I"!‘jl.l&dl;A. O T AT A-A-T-T) were carried oul &
& 10 of this method. Yiehds of seppon-bound deonyoliporscietides were 64% and 55%; the isolated yiekd of decxydecanuciontide
wai 3. Both mynthetic prodects ware homogensoes and biologically active by every criberia so ar tested

Kati fada sentez ve
OTOMASYON



Synthesis by the phosphoramidite method
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Leading the World in Life Sciences Innovation

California is a life sciences powerhouse. The state’s research community and
private sector develop and advance science and technologies solving some of the
world's most challenging problems.
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Plasmid pSC101
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Construction of Biologically Functional Bacterial Plasmide In Vitro

)
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ftransfor

BTANLEY N. COHEN®, ANNIE €. Y, CHANG*,

HERBERT W. BOYER{, AND ROBERT B. HELLINGt

et of Madicine, Bianford Uaiversity School of Medicine, Stanford, Califorsis 04505, and | Departmend of Microbiology,

[I:wlrlll)‘ ol California at San Francisee, San Francises, Calil. M122

Comemeenicaled by Normom Davidson, July 18, 1875

ABSTRACT The construction of new plasmid DNA
species by i witre joining of rcnrlc:loll eudmllulu-u-
genernted fragments of i
Mewly eonstructed plasmids that are in.luud into E'ch-
erichia coli by transformation are shown to be bio-
logically fanclional replicons that possess genetic pro-
perties and nudmide base seguences from both of the
parent DNA I F i) Il pl jied
taineod by ion af !
replicons, as well as by joining of plasmid
DN A malecules of entirely different origins.

» Science. 1977 Dec 9;198(4

4321):1056-63. doi: 10.1

Ecoltl-generated fragments have been inserted into appro-
pristely-treated E. coli by transformation (7) and have been
shown to form biologieally funetional replicons that possess
genetie properties and nuelentide base sequences of both
parent DINA species.
MATERIALS AND METHODS

E. coli strain W1485 containing the REF1000 plasmid, which
carries resistanes to streptomyein and sulfonnmide, was
obtained from 8. Falkow, Other bacterisl strains sand R

126/science. 412251,

Expression in Escherichia coli of a chemically
synthesized gene for the hormone somatostatin

K Itakura, T Hirose, R Crea, A D Riggs, H L Heyneker, F Bolivar, H W Boyer

PMID: 412251 DO 10.1126/science.412251

Abstract

A gene for somatostatin, a mammalian peptide (14 amino acid residues) hormone, was synthesized
by chemical methods. This gene was fused te the Escherichia coli beta-galactosidase gene on the
plasmid pBR322. Transformation of E. coli with the chimeric plasmid DNA led to the synthesis of a
polypeptide including the sequence of amino acids corresponding to somatostatin. In vitro, active
somatostatin was specifically cleaved from the large chimeric protein by treatment with cyanogen
bromide. This represents the first synthesis of a Functional polypeptide product from a gene of

chemically synthesized origin.
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