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Abstract-The formation of transferrin-DNA complexes intended for l&and-directed transfection 
studies has been achieved through a hybridisation technique involving complementary homo- 
deoxypolynucleotide chains attached to the participating protein and DNA species. Oligothymidylate 
residues (pT), obtained by dicyclohexylcarbodiimide (CDI) polymerisation of thymidine-5’-mono- 
phosphate (5’-TMP) were activated to the 5’Gmidazolides which on incubation with transferrin yielded 
the S’linked phosphoramidates (pT),-5’-transferrin. Homopolymeric chain extension of (pT),-5’- 
transferrin by terminal transferase and dTI’P at 30” for 30 min yielded (pT),,,-5’-transferrin. Cleavage 
of the phosphoramide link in the polymer modified transferrin at 37” was pronounced after 30min 
although at 25” hydrolysis was <5% after 4 hr. Poly(dT)-5’-transferrin readily hybridised with 
[3H]poly(dA)-tailed Pst 1 linearised pBR322 DNA. Resultant complexes were demonstrated by nitro- 
cellulose filter binding and immunoprecipitation with anti-transferrin antibody. In contrast with 
poly(dT)-5’-transferrin, poly(dT)-5’-transferrin-poly(dA)-tailed pBR322 DNA complexes were stable 
at 37” suggesting that annealing is followed by further stabilising interactions between the DNA and 
protein components. 

It has been suggested by Pastan and co-workers that 
corrective DNA may be introduced into genetically 
defective cells of intact organisms by attaching the 
DNA to protein ligands which may be recognized by 
cognate plasma membrane receptors on the target 
cell [l]. The protein-DNA complex would then be 
internalized by receptor mediated endocytosis. This 
concept of ligand directed transfection is currently 
under investigation in our laboratory. Central to 
our approach is the need to construct stable “non- 
covalent” protein-DNA complexes in which chemi- 
cal modification of the DNA is minimal or absent. 
In this regard double stranded DNA lends itself to 
two types of association: (i) electrostatic attraction 
involving the phosphodiester backbone, and (ii) 
hydrophobic interaction of the bases. 

We have demonstrated the type (i) association 
with albumin and the ligand transferrin [2] by treating 
these proteins with the water soluble carbodiimides 
N-ethyl-N’-(3-dimethylaminopropyl) carbodiimide 
(CDI)t and N-ethyl-N’-(trimethylpropylammo- 
nium) carbodiimide iodide (Me+CDI) under con- 
trolled conditions which lead to the formation of 
basic N-acyl urea moieties at glutamate and aspartate 
residues [3]. The iV-acylurea proteins form cohesive 
dissociable salt bridges with ionized phosphate resi- 
dues of the DNA [2]. Related studies with other 
peptide and protein ligands are in progress. 

* To whom correspondence should be addressed. 
t Abbreviations used: CDI, N-ethyl-N’-(3-dimethyl- 

aminopropyl)-carbodiimide; Me’CDI, N-ethyl-N’-(3- 
trimethylpropylammonium) carbodiimide iodide; DCC, 
dicyclohexylcarbodiimide; TEAB, triethylammonium 
bicarbonate. 

Type (ii) association has been studied using lipo- 
philic derivatives of the intercalating dye ethidium 
bromide. Hence 3- and 8-cholesteryl succinamido 
ethidium provide the structural features required to 
anchor DNA to lipid surfaces [4,5]. Derivatives such 
as these may also be useful in enhancing DNA com- 
plex formation with liposomes (manuscript in 
preparation). 

We report here on the application of a third type 
of interaction which is possible with single stranded 
DNA. Thus linear duplex DNA may be tailed homo- 
polymerically and anchored to a protein ligand by 
specific hydrogen bonding to protein-bound comp- 
lementary deoxyoligonucleotide fragments as shown 
in Fig. 1. The thymidine pentamer (pT), was 
immobilized to transferrin via a phosphoramide link 
involving the oligomer 5’-phosphate group (Fig. 1). 
The orientation of the (pT)s chains permitted the 
subsequent enzymatic extension of the oligomers at 
the 3’-termini to (pT) 300 using terminal transferase 
with thymidine-5’-triphosphate (dTTP). This meas- 
ure was taken to improve T, values of transferrin- 
DNA complexes formed on hybridization with 
poly(dA)-tailed pBR322 DNA. 

MATERIALS AND METHODS 

Materials. Human serum transferrin, bovine serum 
albumin, dATP, dTTP, dTMP and CTP were from 
the Sigma Chemical Co. (St Louis, MO). Terminal 
deoxynucleotidyl transferase (EC 2.7.7.31) and 
decathymidylic acid were obtained from P.L. Bio- 
chemicals Inc. (Milwaukee, WI). Restriction endo- 
nuclease Pst 1 (EC 3.1.23.31) and pBR322 DNA 
were from Boehringer-Mannheim (Hamburg, 
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Fig. 1. Outline of experimental procedure in the con- 
struction of poly (dT)-transferrin/poly (dA)-tailed pBR322 

DNA complexes. 

F.R.G.). [3H]dTTP (97 Ci/rnmol), [3H]dTMP 
(60 Ci/mmol) , [3H]CTP (20 Ci/mmol) and 
[“H]dATP (26 Ci/ mmol) were obtained from Amer- 
sham U.K. N-Ethyl-N’-(3-dimethylaminopropyl) 
carbodiimide HCI (CDI), dicyclohexylcarbodiimide 
(DCC), phosphodiesterase 1 and 60F2s4 TLC 
plates were from Merck (Darmstadt, F.R.G.). 
Agarose (ultra pure grade), acrylamide and bis- 
acrylamide were obtained from BioRad. DEAE 
Sephacel, Sephadex G-SO (superfine) and G-100 
were obtained from Pharmacia, Uppsala, 
Sweden. Goat anti human transferrin antibody 
was from Bio-Yeda, Rehovat, Israel. All other 
reagents were of analytical grade. 

Thymidine oligomers. Polymerisation of thym- 
idine-5’-monophosphate (dTMP) was carried out 
with DCC in dry pyridine by the method of Khorana 
and Vizsolyi [6]. Oligomeric products of up to eight 
units in length, (pT)a, were purified by HPLC on a 
preparative aminohexyl column (Zorbax-NH,, 
21.2 mm x 25 cm) using a linear gradient of 30% 
acetonitrile: 70% 0.05 M triethylammonium bicar- 
bonate (TEAB, pH 7.6) to 100% 0.5 M TEAB (pH 
7.6) over 30 min at a flow rate of 24 ml/min. The 
purified products were collected by hand and freeze 
dried. Samples were analysed by TLC on silica gel 
60FZs4 plates in ethanol: 0.5 M ammonium acetate 
(pH 3.8) [7: 2 v/v]. Products were quantitated by 
UV using E2r1 = 9.7 x lo3 (pH 1.5-7.0) for thy- 
midine [7]. No correction was made for 
hyperchromicity. 

Chain length determination of thymidine oligo- 
mers. Samples (100-200 pg) of each oligomer frac- 
tion were incubated with snake venom 
phosphodiesterase (5 pg) in 50 ~1 incubation buffer 
containing 20 mM Tris-HC1 (pH 7.9), 2 mM Mg 
(OAc)*. Aliquots (5 x 10~1) were withdrawn from 

digests at regular intervals up to 7 min from digests 
of fractions suspected to contain smaller oligomers 
(s( pT)J and cyclic products and dispensed directly 
into 50 ~1 of a stop solution containing 2 mM EDTA, 
0.1 M NH40H. Partial digestion of larger oligomers 
was carried out over a longer period (30 min; 7 x 7 ~1 
aliquots). Partial digests were analysed on an ODS 
HPLC column (Partisil ODS, 4.6 mm x 25 cm from 
Philips) using a linear gradient from 100% 0.1 M 
ammonium acetate (pH 5.8) to 30% acetonitrile: 
70% 0.1 M ammonium acetate (pH 5.8). Eluates 
were monitored at 254 nm. 

Preparation of [3H] ( pT)& and [“HI ( PT)~,C. 
The method was adapted from that of Roychoudhury 
et al. [8]. Specific activities: [‘H] (pT),C, 
4.1 X 104cpm/nmole (PT)~; [3H] (pT),,,C, 
2.6 x lo4 cpm/nmole (pT),,,. 

(pT)“5’ and [3H]( pT), C-5’-imidazolidates. A 
general method was employed in the synthesis of 5’- 
imidazolidates which is exemplified by the following 
preparation: The thymidine pentamer ( PT)~ 
(3.12 pmole) was incubated in a solution (0.5 ml) 
containing ECDI (0.3 M) and imidazole (0.3 M, pH 
6.0) for 1 hr at room temperature. The reaction 
mixture was applied to a Whatman 3MM paper 
(50 X 14 cm) and electrophoresed at 200 V (50 mA) 
for 45 min in 0.05 M TEAB (pH 7.6). The strongly 
UVzs4 absorbing band was extracted with 0.02 M 
TEAB (pH 7.6) (5 X 4 ml) and freeze dried. Yield 
of nucleotide material: 2.28pmole (using E?,, = 
9.7 X lo3 for thymidine without correction (71). 
Analysis by TLC on silica gel 60Fz5., analytical plates 
developed in isopropanol : ammonia:HrO (7: 1: 2, 
v/v) gave R, = 0.43 ((pT), = 0.16). 

Preparation of ( pT)5-5’-transferrin. (pT),-5’- 
imidazolidate (2.20 pmole) and transferrin (100 ,ug, 
13 nmole) were incubated in 0.25 M collidine-HCI 
(150~1, pH 7.5) for 14 hr at room temperature. The 
transferrin-oligomer conjugate was obtained by gel 
filtration of the reaction mixture on a Sephadex G- 
100 column (108 X 0.7 cm; 0.05 M TEAB pH 7.6; 
6.5 ml/hour). Fractions (1.3 ml) were collected and 
monitored at 260 and 280 mm. The pooled protein 
fractions exhibited A,,, at 270 nm (cf. transferrin 
280 nm). 

Pst 1 Digestion of pBR322 DNA. pBR322 DNA 
(6.6 pmol) was digested with the restriction endo- 
nuclease Pst 1 (70 U) in 0.2 ml of a buffer containing 
0.01 M Tris-HC1 (pH 7.2), 0.05 M NaCl. 0.01 M 
MgC12 at 37” for 2 hr. The reaction mixture was 
concentrated to 80 ~1 under a stream of N2 and stored 
at -20”. The linearised plasmid was purified by 1.2% 
agarose gel electrophoresis in a buffer containing 
0.036 M Tris-HCI, 0.03 M sodium phosphate and 
0.01 M EDTA (pH 7.6) followed by electroelution 
and DEAE sephacel ion exchange chromatography 
as described by Maniatis et al. [9]. Plasmid DNA was 
precipitated with cold ethanol (2 vol.) and pelletted 
by ultracentrifugation at 0” in a polyallomer tube 
(Beckman FA 40 rotor, 30 000 rpm, 30 min). The 
pellet was dissolved in Hz0 (3 x 200 ml) and finally 
freeze dried. Yield: 3.5 pg. 

Poly (dA) tailing of Pst 1 digested pBR322 DNA. 
To a solution of Pst 1 digested pBR322 DNA 
(0.65 pg, 0.22 pmole) and L3H] dATP (14.8 nmole. 
125 PCi) in a buffer (50~1) containing 0.1 M pot- 
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Table 1. Coupling of 5’Amidazolidate derivatives of TMP and thymidine oligomers 
to transferrin 

Imidazolidate 
Transferrin cont. 

(mM) 

Oligomer: Protein 
mole ratio 

Reactants Conjugates 

[3H]fm-TMP 0.005 1:l 0.01: 1 
(3H]fm-TMP 0.005 5O:l 0.05 : 1 
[ “H)Im-( pT),C 2.5 I:1 0.01: I 
[~Hl~rn-(pT)~“C 0.009 20:t 0.01: 1 
Tm-(pT)5 0.008 16OO:l 0.1:1* 

Conjugate mole ratios were determined by a nitrocellulose filter binding assay. 
* Im (pT), was non radioactive and the conjugate mole ratio was inferred from 

assium cacodylate, I. mM CoC& and 0.2 mM dithio- 
erythritoi (pH 7.0) was added terminal transferase 
(50 U) and the mixture incubated for 1 hr at 37”. This 
was extracted with chloroform: phenol (1: 1 v/w, 
40 ,ul) and the aqueous layer applied to a Sephadex 
G-100 column (50 x 0.4 cm). Equilibration and 
elution was carried out with a buffer containing 
10 mM Tris-HCl , 1 mM EDTA and 0.1 M NaCl ( pH 
7.6) at a flow rate of 5 ml per hour. The product was 
found to have a specific activity of 5.7 X lo5 cpm per 
pg DNA corresponding to poly (dA) tail lengths of 
approximately 105 dA residues. 

Po~ya~ryl~~ide gel electrophoresis ofpolynucleo- 
tides. Samples (0.5 fig) were dissolved in TBE buffer 
containing 90% formamide before electrophoresis 
on 12% polyacrylamide gels containing 7M urea in 
TBE buffer. Gels were visualized by the silver stain- 
ing procedure [lo]. 

NitroceWose filter binding assay. The addition of 
[3H]TMP to (pT)s-5’-transferrin and the hybrid- 
isation of poly(dT)-transferrin to L3H] posy- 
tailed pBR322 DNA was determined by filtering 
aliquots of reaction mixtures through Millipore, type 
HA, 0.45 ,um filters presoaked in appropriate reac- 
tion buffers. Filters were washed with PBS (3ml), 
and oven dried (800 for 20min) and counted in 
scintillation fluid. 

RESULTS 

Preparative and analytical (pT),-5’- and (pT),C-5’- 
transferrin conjugates 

Findings presented in Table 1 clearly show that 
the 5’-imidazohdates of TMP and oligo(dT) do not 
readily react with transferrin and the desired 
phosphoramidates are generated in low yield. The 
preparation of ( pT)5-5’-transferrin, the precursor of 
poly (dT)-transferrin, was therefore conducted at a 
high ( pT)5-5’-imidazolidate: transferrin mole ratio. 

Gel exclusion chromatography of [3H]poly(dT)- 
transferrin is shown in Fig. 2a. The poly(dT) 
transferrin conjugate eluted ahead of the carrier 
transferrin indicating a larger molecular species. 
Presence of the poiynucieotide in the conjugate was 
indicated by a bathochromic shift in the ultraviolet 

spectrum of fraction 9. Thus h,,, for fractions 9 and 
11 were 269 and 280 nm respectively. The product 
containing fraction was further analysed by immuno- 
precipitation as follows: A 50~1 aliquot of the 
poly(dT)-transferrin fraction (1500 c m) was mixed 
with carrier transferrin (60 ~1, 0.2 pg r ~1 in PBS) and 
incubated with goat anti-human transferrin antibody 
(43 ,ul, 3.5 pg antibody/~l) at 10” for 2 hr. The pre- 
cipitate was pelletted (9000 g, 2 min) and the radio- 
activity associated with the supernatant and pellet 
(transferrin) was determined by liquid scintillation. 
(280 and 930 cpm respectively). 

The chain length of transferrin linked poly (dT) 
was estimated by hydrolytic cleavage of the phos- 
phoramide links in the conjugate in fraction 9 fol- 
lowed by polyacrylamide gel electrophoresis of the 
digest under denaturing conditions against molecular 
weight markers. As shown in Fig. 2b most fragments 
were circa 300 nucleotides in length. Using this value 
and the specific activity of incorporated [3H] TMP 
residues (2O,O~cpm/nmole) the mole ratio of 
poly(dT) to transferrin in poly(dT )-transferrin was 
estimated to be 0.1: 1. 

It was noted that the phosphoramide bond linking 
the primer oligo (dT) chains to transferrin underwent 
significant hydrolysis during terminal transferase 
catalysed chain extension. This was observed as a 
marked decrease in nitroceIlulose filter retained 
radioactivity after 30minutes of incubation at 37” 
(Fig. 3). The subsequent increase in radioactivity 
retained on filters after 1 hr of incubation and there- 
after is attributed to free poly(dT) chains which have 
reached the minimum threshold length necessary for 
nitrocellulose filter binding. In a separate experiment 
chain extension was terminated with EDTA after 
30 min at 37” and the mixture maintained at 25”. 
An assay after 4 hr showed minimal hydrolysis. Re- 
incubation at 37”, however, led to marked cleavage 
of nucleo-protein conjugate (Fig. 3). 

hybridization of (3H~o~y~d~~-tru~~ferrirz to [3H] 
PO& ~dAj-tu~fed pBR322 DNA 

Figure 4 shows the hybridisation of varying 
concentrations of [3H] poly(dT)-transferrin to 
[“H]poly(dA)-tailed pBR322 DNA as determined by 
a nitrocellulose filter binding assay [ll-131. Satu- 
ration is reached at a mole ratio of about 2: 1 as 
expected from theoretical considerations. The low 
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Fig. 2. Isolation to [‘HI poly(dT)-transferrin and [‘HI 
poly(dT) chain length estimation. (A) To a reaction mix- 
ture (280 ~1) containing (pT),-5’-transferrin (0.5 nmole 
w.r. to transferrin), [3H]TTP (2pmole, 40&i), terminal 
transferase (60 U), 0.1 M potassium cacodylate, 1 mM 
CoC1, and 0.2 mM dithioerythritol (pH 7.0) was added 
EDTA (12 ~1, 0.1 M) and transferrin carrier (100 pg) after 
30 min at 37”. Poly(dT)-Transferrin was obtained by gel 
exclusion (Sephadex G-100, column: 108 X 0.7 cm,) using 
TEAB 0.05 M (pH 7.6) as eluant (1.3 ml fractions). Ali- 
quots (100 ~1) of each fraction were taken for determination 
of radioactivity. (B) An aliquot (100 ~1) of fraction 9 was 
heated at 60”/3 hr before electrophoresis (lane 4) on 12% 
polyacrylamide in TBE buffer against 1, Alu 1 digest of 
pBR322 DNA (0.4 pg); 2, tRNA (50 ng) and 3, transferrin 
(5 ng). Gel slices (2 mm) were taken for digestion followed 

by radioactivity determination in scintillation fluid. 

levels of radioactivity contributed by [3H] poly(dT)- 
transferrin to the filter bound complexes were deter- 
mined in control experiments lacking the [3H] poly 
(dA) tailed linearised plasmid DNA and are shown 
in Fig. 4. 

Hybridisation complexes were also demonstrated 
by immunoprecipitation as illustrated in Fig. 5. 
Hence in control experiments [sH] poly(dA)-tailed 
pBR322 DNA was not associated with immuno- 
precipitates of transferrin whilst the poly (dA)-tailed 
linearised plasmid.DNA was clearly bound to the 
immunoprecipitated poly (dT)-transferrin. 

I 
1 2 3 4 5 6 

TIME tmrs) 

Fig. 3. Addition of [3H]TMP residues onto oligomer of 
(pT),-5’-transferrin. (pT),-5’-Transferrin (125 pmole) was 
incubated at 37” with [‘HITIP (500 nmole, 10&i) and 
terminal transferase (10 U) in 70~1 incubation buffer 
(legend to Fig. 2). Aliquots (14 ~1) were removed at regular 
intervals and assayed (O-O). In a separate experiment 
chain elongation was terminated after 30min at 37” by 
addition of EDTA (4 mM final cone). The temperature was 
lowered to 25” and restored to 37” after 4 hr (0-O). Assays 

were by nitrocellulose filter binding. 

Effect of temperature on poly(dT)-transferrin 
complexes with poly (dA)-tailed linearised pBR322 
DNA 

In light of the demonstrable temperature sen- 
sitivity of the phosphoramide bond in poly(dT)- 
transferrin (Fig. 4) it was considered necessary to 
investigate the stability of poly(dT)-transferrin 
poly(dA)-pBR322 DNA complexes. [3H] poly(dA)- 
tailed linear pBR322 DNA (2 pmol, 2400 cpm) was 
incubated with poly (dT)-transferrin (0.25 pg w.r.t. 
transferrin) in PBS (80~1) at 5” for 1 hr. The tem- 
perature was then raised to 37” and samples (13 ~1) 
were removed at T = 0, 2, 5, 10, 20 and 40 min and 
analysed by a nitrocellulose filter binding assay. The 
results obtained (860,846,901,783,940 and 957 cpm 
respectively) indicate a marked stability of the 
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Fig. 4. Annealing of poly(dT)-transferrin to poly (dA)- 
tailed pBR322 DNA. Incubation mixtures contained [3H] 
poly (dA)-tailed pBR322 DNA (6 fmole, 12000 cpm) and 
varying amounts of [3H] poly(dT)-transferrin as indicated, 
in 60 ~1 of PBS. After 2 hr at 10” 2 pg of transferrin was 
added to each reaction mixture and hybridization was 
assessed by nitrocellulose filter binding (0-O). Radio- 
activity contributed by 13H] poly(dT)-transferrin alone was 
determined in the absence of [3H] poly(dA)-tailed pBR322 
DNA (M). * Concentration with respect to poly(dT). 
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precipitata supernatant 

TEST 

precipitate supernatant 

Fig. 5. Immuno precipitation of poly (dT)-transferrit#H] poly (dA)-tailed pBR322 DNA hybridisation 
complex. t3H] Poly (dA)-tailed pBR322 DNA (7 fmole, 12000 cpm) was incubated with 70 fmole [‘HI 
poly (dT)-transferrin* (400 cpm) (TEST) in the presence of carrier transferrin (10 pg per incubation 
mixture) in a final volume of 70 ul PBS. After 2 hr at room temoerature anti transferrin antibodv (150 UP) 
was added to each mixture. After 4 hr at 8” mixtures were centrifuged (9000 g/S min) and precipitates and 
supernatant counted for radioactivity in scintillation fluid. * concentration with respect to transferrin. 

nucleoprotein complex at 37” which may arise from 
interactions between the duplex DNA and transfer- 
rin subsequent to the hybridisation event. The 
lability of the phosphoramide bond in the complex 
is unknot. 

DISCUSSION 

In a recent communication [2] we reported on the 
preparation of nucleoprotein complexes from the 
carbodiimide treated protein ligand transferrin and 
plasmid DNA intended for model studies on ligand 
directed DNA transfer into eukaryotic cells. We 
have described here the formation of non-covalent 
protein-DNA complexes resulting from the hybrid- 
isation of complimentary homopolymeric deoxy- 
oligonucleotide tracts located on the participating 
protein and DNA species. 

In this approach, the protein ligand transferrin has 
been modified by the 5’-attachment of oligo(dT) 
fragments. The required oligothymidylates were syn- 
thesized by a carbodiimide mediated polymerisation 
of 5’-TMP in the presence of 3’-O-acetyl-5’-TMP 
to minimise intramolecular reactions which lead to 
unwanted cyclic oligomeric structures [ 141. The sep- 
aration of homologies was conveniently and rapidly 
achieved by HPLC ion pair chromatography using 
the volatile buffer TEAB [15]. Fragment lengths 
were established by partial snake venom digestion 
[16] followed by separation of products by HPLC. 

The direct coupling of oligo(dT) to transferrin 
by a water soluble carbodiimide was not attempted 

because of the tendency these agents have to deri- 
vatise carboxyl functions on the proteins to N-acyl- 
ureas [3] which could lead to DNA binding by an 
electrostatic mechanism [Z]. It has been reported 
by Orgel and coworkers that polynucIeotides which 
have been converted to their phosphorimidazolide 
derivatives react readily with primary amines to form 
stable phosphoramidates [17]. We have used this 
approach to prepare (pT)s-5’-transferrin through 
the intermediate imidazolide of ( PT)~ which under- 
goes a displacement reaction with transferrin. The 
5’-anchorage of (pT), offers a more favourable 
orientation of the oligomer for annealing to 
poly(dA)-tailed linearised pBR322 DNA than 3’- 
anchorage. It has been reported, however, that oli- 
gothymidylates shorter than the pentamer (pT), fail 
to bind poly(A) at 0” [lg] and for this reason no 
hybridisation studies were attempted using (pT),- 
5’-transferrin. Rather, the 3’ termini of (pT),-5’- 
transferrin were extended homopolymerically using 
terminal transferase to afford ( pT)300-5’-transferrin. 
The chain extension reaction conducted at 37” was 
terminated after 30 min as significant loss of growing 
poly(dT) chains through hydrolysis of the phosphor- 
amide bond was noted on continued incubation. 
Poly(dT)-transfer~n was however quite stable at 25” 
(<5% hydrolysis after 4 hr). 

Poly(dT) transferrin successfully annealed with 
poly(dA)-tailed pBR322 DNA to afford complexes 
which, in contrast with poly(dT)-transferrin, were 
stable at 37”. This may be the result of con- 
formational accommodation after hybridisation 



2410 S. WEILER. M. ARIATTI and A. 0. HAWTREY 

which would diminish the importance of phosphor- 
amide bond integrity. 

In a preliminary binding study not described here 
specific recognition of poly(dT)-transferrin-[3H] 
poly (dA)-tailed pBR322 DNA by transferrin recep- 
tors on rabbit bone marrow cells has been demon- 
strated. More detailed cell binding studies are in 
progress. 
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