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SUMMARY : Reverse transcriptase-like activity associated with particles 
banding at densities, characteristic of RRA tumour viruses has been isolated 
from human amniotic fluid obtained from 16-22 weeks old pregnancies. It has 
been purified 2,000 fold through several sucrose sedimentation gradients. 
Like viral related reverse transcriptase, it utilizes Oligo (dG).poly(C) and 
heteropolymeric mRNA6 as template-primers. Under optimised assay condition 
for different template-primers tested it favours Oligo (dG).poly(C) over 
others. It was only slightly inhibited by antiserum to reverse transcriptase 
from gibbon ape type-C virus. 

Detection of reverse transcriptase in human leukemic cells (1,2) and 

human breast cancerous tissues (3) suggests the presence of.viral information 

in affected human tissues. Reverse transcriptase has also been detected in 

normal embryonic tissues of different species of animals (4-7). The only 

report on human tissue relates to the study using tissue culture cells by Panem 

et al. (8) which described the presence of reverse transcriptase in type C 

viruses released from human embryonic fibroblasts after long term culture. 

Findings relating to the presence of reverse transcriptase in normal cell have 

led to the hypothesis (9) that this enzyme may have a role in normal cell 

physiology. 

The present study describes the presence of reverse transcriptase in 

fresh (uncultured) human amniotic fluid of second trimerter pregnancy. 

lWlXRIALS ARD WETRODS 

['RI dTTP (16 Ci/mmole); ['RI dGTP (14 Ci/mmole) were obtained 
from New England Nuclear Corporation, Boston, Massachusetts. Oligo (dT). 
poly(A); Oligo (dT).poly(dA); Oligo (dG).poly(C) and Oligo (dG) were 
obtained from Collaborative Research, Walthan, Mass. Activated Salmon Sperm 
DRA was prepared following the method of Schlabaoh et al. (10). Messenger 
RRAs were prepared from whole human fetal tissue byxmthod described 
earlier (11). Embryonic tissues were obtained from K.E.M. Hospital, India. 
Gibbon a 

r 
viral reverse transcriptase and antiserum (IgG, Immune gamma 

globulin to this enzyme were kindly provided by Dr. R.C.Gallo of National 
Canoer Institute, Bethesda, Md. 
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Table 1. Recovery of Oligo (dG).poly(C) directed enzyme 
activity during purifioation. 

Purification Total protein Total nucleotide Purifioation 
steps (mg/fraction) incorporated Sp. activity Purification 

(pmole/fraetion) (pmole/mg.prot) factor 

fi. I 80.0 1.40 0.017 1 

Fr. II 25.0 8.50 0.340 20 

Fr. III 12.0 42.00 3-500 205 

Fr. IV 3.8 155.0 40.740 2398 

The purification steps were described in materials and methods. DNA 
polymerase assays were done ae described in experimental section using 
Oligo (dG).poly(C) template-primer. 20 pl aliquotrfrom each fraction 
were assayed for enzyme activity at 37’C for 1 h. 

Isolation of enzymss 

Early human embryos with amniotic sac intaot were colleoted shortly 
after hysterotonpr of 16-22 weeks old unwanted pregnancies. The amniotic fluid 
was collected asceptically by a syringe and then the fetus was separated from 
amnion and placental tissue. 
tely or could be stored at 

!Jhe fluid thus collected was processed isnnedia- 
-20 C for 1 month. Stora@ under these oonditions 

did not cause substantial loss of enzyme activity. It was centrifuged at 
12,000 x g for 10 min and the supernatant obtained was centrifuged at 100,000 
x g for 1 h in order to obtain the microsomal pellet. The pellet (Fr. I) thus 
obtained was suspended in TRE buffer (Tris-RCl at pH 8.0, 10 mM; EDTA, 0.1 mM; 
NaCl, 0.1 M), layered on a discontinuous sucrose gradient in TNE buffer, oont- 
aining 20 and 50$ sucrose (W/W) and finally subjected to centrifugation at 
lCJJ,OOO x g for 2.5 h. Active fraction (l?r. II) that rested on 50$ sucrose 
layer was monitored by Oligo (dG).poly(C) templated reaction. It was carefully 
collected and diluted with TRR buffer and placed on 20-3546 (W/W) linear sucrose 
gradient and finally centrifuged at 100,000 x g for 1 h. The active enzyme 
fractions (generally the upper part of the gradient were pooled and pelleted 
(Fr. III) at 100,000 x g for 1 h. Fr. III was layered on 20-6046 (W/W) linear 
sucrose gradient in TRE buffer and run for 13 h at 100,OOC x g. The gradient 
was fractionated from the bottom. The active fractions monitored by Oligo (dG). 
poly(C) templated reaction, were pooled and dialyseb against buffer B (Tris- 
HCl at pH 8.0, 10 mM, dithiothreitol 10 mM; phenylmethyl sulphonyl fluoride, 
0.01 mM; glycerol, 105%). The enzyme preparation thus obtained (Fr. IV) could 
be stored with bovine serum albumin (10 mg/ml, F.C.) for 2-j months in liquid 
nitrogen. 

DNA polymerase assay 

A standard reaotion mixture (0.1 ml) contained 50 mM Tris-HCl at pH 
8.0; 10 mM dithio4hreitoli 0.1 lag/ml bovine serum albumin; O.l$ Ronidet p-40; 
1 m~A'pp;16 uM[H]dRTP 8 corresponding to relevant aynthetio template primer 
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Table 2. Prequency of the presence of reverse transcriptase 
in amniotic fluid at gestational ages. 

Case 

I 

II 

III 

Fluid content Cestational Total dGMP incor- 
(in ml) age porated 

(in weeks) (pmole/lO ml fluid) 

198 18 7.50 

182 16 7.00 

210 22 6.25 

IV 193 19 0.00 

V 222 20 5.90 

VI 415 56 0.00 

VII 393 38 0.00 

Amniotic fluid vas processed separately for enzyme isolation 
following the method deaoribed in experillsntal aeotion. Samples 
were processed upto izopycnio suoroae density gradient purifi- 
cation step before it was declared negative. DKA polymeraae 
assays vere done as described in Table 1. 

which were used at 0.1 n&l; 0.5 F&I M&l ; and 80 ml4 KCl. In case of mRKAs; 
endogenous template; and activated plated reaction 75 uM of each unlab- 
elled dATP, dCT3, dTTP and 16 UM of dGTP were used. x3H] dGTP, 4,125 
opm/pmole or [ H] dTl!P, 6770 opm/pmole were used wherever necessary. All 
reactions were incubated at 37'C for 1 h unless otherwise stated and were 
stopped by lO$ TCA containing 0.02 M sodium pyrophosphate and aoid preoipitable 
opm vas counted in toluene fluor, after it was vashed vith 5$ TCA containing 
0.02 H sodium pyrophosphate. Acid preoipitable opm in each enzyme assay was 
corrected for background opm, obtained with an identical reaction conducted by 
heat denatured enzyme vhich ranged betveen 500 - 1,000. 

Protein estimation 

Protein waa estimated by the method of Lowry et. (16). 

BIEXJLTS 

Isolation and purification of particle-bound reverse transoriptase 

It is evident from Table 1, that partioulate fraction (Pr. I) obtained 

from amniotic fluid had detectable amount of reverse transoriptase activity 

(0.017 pmole/mg of protein). Purification through several steps (l?r. II, III, 

and IV) enriched the activity to 40.74 pmole/mg. protein. This shows at least 
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Figure1, Isopycuic sucrose gradient analysis of Pr. III preparation. After 
specified run, the gradients were frectionated into 17 equal parte. Praotione 
were collected from bottom by siphon action. DRA polymerase activity in each 
fraction was monitored by deoxyribonucleotide6 incorporation in response to 
different template-priaera. The assay prooedure was described in Materials 
and Methods. 20 ul aliquot of each fraction was uaed for DNA polymerase 
assey. DRA polymeraee activity in reeponee torOligo (d$l.poly(C), (fi); 
Oligo (dT).poly(A), (O--O ); Oligo (dT).poly(dA) in Mu , (e-0). 

2,000 fold puriflaation of aotivity a6 expreseed in pmole dGMP incorporated/mg. 

protein. 

Reverse Tranaoriptaee in amniotic fluid of different gestational ages 

It is seen from Table 2 that amniotic fluid obtained from 4 out of 5 

cases of eecond trimester pregnaucies showed oonsiderable dGMP incorporating 

aotirity whereas it was not poesible to detect any activity in the fluid of 

term pregnancies. 

Density of the particles 

Fig. 1 shows that the particles associated with enzyme activity band 

at densitieo of 1.24 - 1.17 g/ml which are aleo oharacteristic of RRA tumour 
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Figure2. Kinetics of DNA synthesir. DNA polymerase actiritiee were aesayed 
aa described in the experimental se&ion with 20 pl aliquot of Fr. IV enzyme 
preparation. DNA polymerase activity in response to:Oligo (dG).poly(C),(A-A); 
Oligo (dT).poly(A), (a+ ). 

viruses. It may be noticed in Fig. 1 that major part of particles carrying 

enzyme aotivity banded at 1.22 g/ml which is typical of type C viral core as 

well as intact type B virus. The minor peak at 1.17 g/ml corresponds to intact 

type c ViNS. It is also evident from Fig. 1 that F'r. III does not show any 

other DKA polymerase activity. 

Kinetias of transcription 

Ae the partially purified hr. IV is highly contaminated with other 

proteins which may interfere with the aeaay procedure, attenpte were made to 

optimize the oonditione for the DlU polymzrase aseay in relation to time. It 

is seen in Fig. 2 that within an hour the enzyme activity attained its peak 

and then declined. Thi8 ie found with two different template-primers. 

Utilization of template-prirers 

Dreferenoe of the enzyme for various templateeare shown in Table 3. 
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Figure 3. Effect of antisera (IgG) to reverse tranacriptase from gibbon ape 
type C virus on reverse transcriptase from human amniotio fluid and from 
gibbon ape virus. 20 pl aliquot of enzymss in buffer B was preincubated at 4'C 
for 1 hr. with 10 pl of immune gamma globuline preparation of different 
protein strength in the presence ?f 5 pl of 2$ NP-40 and 5 pl of 1.6 M KCl. 
Assays for the incorporation of ( H) dGMP on Oligo (dG).poly(C) were perfor- 
med as described in the experimental section. FL-om 6,000 to 8,000 apm in 
case of human and 14,CQO to 16,oOO cp in ease of viral enzyme were observed 
in the absence of antisera. The values were expressed as percent of aotivity 
in the absence of antisera. Gibbon-ape viral enzyme,(O--0 )g Human amniotic 
enzyme,( O-O ). 

The enzyme preparation (Fr. IV) from amniotic fluid reveals the following 

template preference: Oligo (dG).poly(C)>Oligo (dT).poly(A)%Oligo (dT). 

poly (dA)>mIWAs>Endogenous templates. The absence of enzyme activity when 

Oligo (dG) wae used without a primer eliminates the possible presenoe of deoxy- 

terminal transferase in this preparation. Utilization of natural mRMA as 

template with an initiator Oligo (dT) suggests that this aotivity is due to 

reverse transcriptase. It is also seen that this preparation can utilise the 

endogenous template, although with less efficiency. As the addition of KKAase 

inhibited the polymerization in presence of endogenous template, it is apparent 

that the endogenous template may be an RKA. 
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Table 5. Some features of template-primer utilization 
by amniotic enzyme. 

Template-primer ASSSY Sp. activity 
condition (pmole/*.prot. 

Oligo (dG).poly(C) Complete 40.74 

Oligo (dG) 11 0.00 

Oligo (dT) .poly(A) ‘I 8.12 

Oligo (dT).poly(dA) Coaplete 6.00 
II - Mn2+ + Mg2+ 4.00 
1, - 70 ml4 KC1 3.00 

Activated DNA Complete 0.00 

aRNAa + Oligo (dT) Complete 5.10 
t1 - Oligo (dT) 0.40 
1, - dATP 0.00 

Endogenous template Complete 0.80 
w + RRAase A (10 pg) 0.00 

Reaction mixtures for complete assay systems with respect to different 
template-primers were described in Materials and Methods. [%]dTTP was 
used as substrate in case of Oli y (dT).poly(A) and Oligo (dT).poly(dA) 
tenplated reaction? otherwise [ H]dGTP was used. In case of endogenoue 
template, activated DNA and mRNAs templ ted reactions, three other 
nucleotides were added in addition to 'f [ H] dGTP. In these cases pmole 
value of substrate incorporation was oelculated by multiplying the dGTP 
value by 5.5. Following template-primers were uaed in certain assays as 
indicated in the Table: mRNAs, 7.8 ugg; Oligo (dT), 2 pg; activated 
DNA, 10 pg. The concentration of endogenous template, whichever was 
present in 20 Pl of Fr. IV enzyme preparation,was not determined. Acti- 
nomycin D (50 pg/ml) was used for endogenous template and messenger RNA 
ternplated reactions. 20 pl aliquots of K‘r. IV enzyme were used for each 
assay. Mean value of three such experiments were documented in Table 3. 

Immunologiaal properties of the emxyme 

Pig. 5 shows that antiserum (immnvvgamma globulin) to reverse transc- 

riptase of gibbon ape leukemia virus inhibited human amniotic reverse transcri- 

ptase by only 17$, whereas the same ooncentration of the antiserum inhibited 

gibbon ape viral reverse transcriptase by 80$ when tested under identioal aasay 

oonditiona. This indicates that there is only a feeble immunologioal oroaa- 

reactivity between the enzyme isolated from human amniotio fluid and gibbon ape 

viral reverse transeriptase. 
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DISCUSSION 

Selective preference to different template-priaers is one of the 

criteria, distinguishing the V8EiOUS forms of DRA polymsraeea and also reverse 

transcriptsee. The template Oligo (dT).poly(A) which earlier was thought to be 

specific for reverse transcriptaee h8s now been shown (11-14) to be utilized 

also by) & 7 DM polyreraees. However, Oligo (dG).poly(C) or mRNAs are 

specifically utilized by reverse transcriptaee. The evidence given here shows 

that the enzyme isolated from human amniotic fluid conforms to the criteria of 

reverse transcriptaae (See Table 3) 8s based on the preference shown to various 

template-primers. The association of this enzym with particles of densities 

1.24 - 1.17 gm/ml characteristic of RNA tumour viruses suggests the possible 

presence of RNA viral infornation, in human amniotic fluid a.8 has 8lSO been 

reported in reverse transoriptaae prepared from chicken amniotic fluid (5). 

Human amniotic reverse transcriptaee is more active with Oligo (dG).poly(C) 

than to Oligo (dT).poly(A). I n contrast, human leukemic cell reverse transc- 

riptase (l,ls) prefers Oligo (dT).poly(A) to Oligo (dG).poly(C). Unlike human 

leukemic reverse transcriptase the enzyme isolated from human 8mniotic fluid is 

very plarglnally inhibited by antisera against gibbon ape viral reverse tranecr- 

iptase (Fig. 3). Thus it appears that human 8mniOtiC reverse transcriptase ie 

not identical with the reverse transcript&se isolated from human leukemic cells 

(1,2). The data given here demonstrates the presence of reverse transcriptase 

activity in the amniotio fluid of 80$ caees examined. Thus it nay be presumed 

thst it is not the result of cross contamination by exogenous RNA viruses. It 

is of interest that it was not possible to deaonetrate the presence of reverse 

tranacriptaae activity in smniotio fluid of term pregnancies and also in other 

fetal tissues at different gestational ages. 

Occurrence of particle bound reverse transcriptase in human amniotic 

fluid seems to suggest that this enzym has a function in normal cell physio- 

logy. It l~ay also indicate that the latent endogenous RNA viral information 

is expressed only in certain stages of embryonic developmnt. 
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