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SUMMARY: 5 ,6 ,7 -Tr ihydroxy f lavone  (baicalein) is a potent inhibi tor  of 
the activit ies of reverse transcr iptases from routine leukemia viruses (MLV) 
(Rauscher and Moloney strains) and human immunodeficiency v i rus (H IV).  
Under the reaction conditions specified for  each of the MLV- and HIV- 
reverse transcr iptases, both enzyme activit ies were inhibited by more than 
90% in the presence of 2 pg/ml baicalein. The mode of the inhibit ion by 
baicalein was competitive with respect to the template.pr imer, ( rA)  n ' ( dT )12 -18 .  
and noncompetitive to dTTP substrate.  Ki value of baicalein for the MLV- 
reverse t ranscr iptase was determined to be 0.37 #M. ~ 1989 Academic Press, Inc. 

Some ant i ret rov i ra l  compounds have now attracted special attention in 

the strategies for  chemotherapy of a retrovirus-associated human disease 

(AIDS) and most of the ant i ret rov i ra l  compounds so far  proven effect ive 

appear to be targeted at the virus-associated reverse transcr iptase. In 

fact,  a number of chemically synthesized inhibi tors of reverse t ranscr iptase 

have been described to inhibi t  HIV replication i n  v i t r o  or i n  v i vo :  i . e . ,  

suramin (1), HPA23 (2),  3 ' -az ido-2 ' ,3 ' -d ideoxythymid ine (AZT) (3.4) and 

various 2' ,3 ' -dideoxynucleosides (5,6) .  Unfor tunately,  however, the 

clinical tr ials for the administration of these compounds to AIDS patients 

revealed serious side effects such as thrombocytopenia for HPA23 (2), 

Abbreviat ions:  baicalein. 5 .6 ,7 - t r ihydroxy f lavone;  AIDS, acquired 
immune deficiency syndrome; HIV, human immunodeficiency v i rus ;  
suramin, hexasodium s g m - b i s ( m - a m i n ° b e n z ° y l - m - a m i n ° - p - m e t h y l b e n z ° y l -  
1-naphthylamino-4, 6,8-tr isul fonate)carbamide; HPA23, heteropolyanion 
23[21-tungsto-9-antimoniate ammonium sal t) ;  AZT, 3 ' -az ldo-3 ' -deoxy-  
thymidine; MLV, routine leukemia v i rus.  
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anemia and leucopenia for  AZT (7),  etc. ,  and at least a part  of these side 

effects seems to be due to the inh ib i tory effects of the ant i ret rov i ra l  compounds 

on cellular DNA polymerases (8,9) .  It seems that a bet ter  s t rategy to 

f ind novel ant iv i rals ( inhib i tors of the reverse transcr iptase) with less 

cytotoxic i ty  is to look for  natural substance(s) in our surroundings.  

Flavonoids, for example, are known to be popular compounds widely 

d is t r ibuted among various plants. During the course of our screening test 

with various f lavonoids, we found that 5, 6, 7 - t r ihydroxy f lavone st rongly  

inhibi ted the activit ies of MLV- and HIV-reverse transcr iptases. This paper 

describes some of the details of this f ind ing.  

MATERIALS AND METHODS 

Chemica ls .  5,6 ,7 -Tr ihydroxy f lavone  ( t r iv ia l  name: baicalein (Fig. I) 
was the product  of Tsumura & Co., Tokyo, Jaloan. The sources of other 
materials used in this work were as follows: [3H]dTTP from Amersham 
International (Amersham, England); unlabeled dTTP, po ly ( rA ) ,  ol igo(dT) 
from P-L Biochemicals, Inc. (Milwaukee, Wl, USA); activated calf thymus 
DNA from Worthington Biochem. Corp. (Freehold, N .J . ,  USA); and DEAE- 
cellulose paper disc (DE81, diameter 23 ram) from Whatman Ltd. (Spr ingf ie ld 
Mill, Maidstone, Kent, England). 

Reverse t r a n s c r i p t a s e s .  Rauscher routine leukemia v i rus (R-MLV) was 
obtained from the cul ture medium of an established v i rus-produc ing cell 
l ine, R-17, and reverse transcr iptase was pur i f ied on a DEAE-Sephadex 
A-50 column as previously described (10). Moloney murine leukemia v i rus 
(Mo-MLV) was collected from the cul ture medium and pur i f ied by u l t ra-  
centr i fugat ion in a sucrose gradient  as described earl ier (11). Detergent-  
t reated (0.1% Tr i ton X-100) Mo-MLV particles were used as Mo-MLV- 
reverse transcr iptase. H lV l - reve rse  t ranscr iptase was pur i f ied from 
E. coli harbor ing an expression plasmid for  the precise coding sequence 
of the enzyme. The pur i f ied enzyme was a generous g i f t  from Dr. S.H. 
Wilson, NIH, USA. 

DNA polymerases. DNA polymerases ~, 13 and X were pur i f ied from KBIII 
cells, as previously described for DNA polymerase ~ (12), 13 (13) and x 
(14) with some modifications. 

Assay for reverse transcriptase and DNA polymerase activities. Reverse 
t ranscr iptase act iv i ty  was measured with ( rA)  n - (dT)12 .18  as the template- 
primer under the optimized reaction conditions specified for each of the 
MLV- and HIV-reverse transcr iptases (8). The reaction mixture contained 
the following components: 50 mM Tr is -HCI ,  pH 8.0; 20 pg/ml ( rA)  n- (dT)12-18 
(1:1) ;  10 pM [3H]dTTP (400 cpm/pmole); 5 mM di th iothre i to l ;  50 mM KCI; 
15% ( v / v )  glycerol ;  0.2 mM MnCI 2 for  MLV- and HIV-reverse transcr iptase 
and 5 mM MgCI 2 for  HIV-reverse transcr iptase. 

The reaction mixtures to measure the other DNA polymerase activi t ies 
contained the fol lowing components. For DNA polymerase ~; 50 mM Tr is-HCI 

Fig. 1 : 

H O ' ~ O " ~ - - ~  

OH 0 

Structural  formula of 5 .6 ,7 - t r ihydroxyf lavone  (baicalein). 
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(pH 7 .5) ,  80 pg/ml act ivated calf  thymus DNA, 10 #M each of dATP, dCTP, 
dGTP and [3H]dTTP (1000 cpm/pmole),  5 mM d i th io th re i to l ,  15% ( v / v )  
g lycero l ,  and 4 mM MgCI 2. For DNA polymerases [3; 50 mM Tr i s -HC l  
(pH 8 .0 ) ,  30 iJglml ( rA )  n ' ( d T ) 1 2 - 1 8  (1 :2 ) ,  10 I~M [3H]dTTP (q00 cpml 
pmole), 5 mM d i th io th re i to l ,  100 mM KCI, 15% ( v / v )  g lycero l ,  and 0.2 mM 
MnCI 2. For DNA polymerase x;  50 mM Tr i s -HCl  (pH 7 .5) ,  11 l~g/ml 
( rA)  n- (dT)12_18 (10:1) ,  I I:M [3H]dTTP (6000 cpm/pmole),  5 mM d i th io -  
t h re i to l ,  70 mM KCI, 15% ( v / v )  g lycero l ,  and 0.1 mM MnCI 2. 

The reaction (50 1:I total volume) was s tar ted by adding 5 lal enzyme, 
and the reaction mix tu re  was incubated at 37°C for  30 min and stopped by 
adding 20 ~ul 0.2 M EDTA and immersion in ice. Then a 50-I:I a l iquot of 
the m ix tu re  was t rans fe r red  to a DE81 f i l t e r  paper disc and processed fo r  
rad ioac t i v i t y  count ing as descr ibed by Lindel l  e t  a2. (15). 

RESULTS 

Inh ib i t ion of var ious reverse t ranscr ip tase  ac t iv i t ies  by 5 , 6 , 7 - t r i h y d r o x y -  

f lavone (ba ica le in) .  The effects of baicalein on the ac t iv i t ies  of var ious 

reverse t ranscr ip tases were examiend under the assay condit ions descr ibed 

in Materials and Methods. As shown in Fig. 2, the ac t iv i t ies  of MLV- 

reverse t ranscr ip tases were inh ib i ted  by approx imate ly  90% in the presence 

of I lJg/ml baicalein and the ac t i v i t y  of H IV - reve rse  t ranscr ip tase  was 

inh ib i ted by  90% in the presence of 2 !:g/ml baicalein. 

Q Q 00 

Fig. 2 : 

Fig. 3 : 
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Effect of baicalein on the activities of MLV- and HIV-reverse 
transcriptases. Reverse transcriptase act iv i ty was measured 
under the conditions described in MaEterials and Methods in the 
presence of various concentrations of baicalein as indicated in 
the f igure, by determining the incorporation of [3H]dTMP with 
(rA) n.(dT)12_18 as the template.primer. The reverse transcriptases 
tested were from; R-MLV (e), Mo-MLV (o), and HIV (e, e). 
HlV-reverse transcriptase activi ty was measured in the presence 
of 5 mM Mg 2+ (o) and 0.2 mM Mn 2+ (e). 100% values (pmole} 
were 6.8 (e), 4.0 [o), 94.[I [o), and 5.0 (e). 
Analysis of the inhibition of R-MLV-reverse transcriptase by 
baicalein. Reactions were carried out under the conditions 
described in Materials and Methods, except that various 
concentrations of (rA) n-(dT)12_18 (A) and [3H]dTTP (B) were 
used as the template-primer and the triphosphate substrate, 
respectively, in the presence of various concentrations of baicalein. 
Baicalein concentrations were; 0 (e), 0.1 (A), and 0.3 (o) !~glml. 
The figure represents double-reciprocal plots. 
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Fig. ~: 
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Effect of baicalein on the activities of DNA polymerases ~, 6, 
and -{. DNA polymerase activities were measured by determining 
the incorporation of [3H]dTMP under the conditions described in 
Materials and Methods in the presence of various concentrations 
of baicalein as indicated in the f igure. DNA polymerase ~ (o), 
q3 (Z~) and -{ (x ) ,  and R-MLV-reverse transcriptase (e). 100% 
values (pmole) were 14.0 (o), 7.5 (A),  0.29 (x) ,  and 13.2 (o). 

Analys is  of mode of inh ib i t ion  and determinat ion of the inh ib i t ion constant.  

The inh ib i t ion  of the reverse  t ranscr ip tase  ac t i v i t y  by baicalein was 

analyzed wi th R-MLV- reverse  t ranscr ip tase  by changing the concentrat ions 

of e i ther  the templa te-pr imer  or the t r iphosphate  subst ra te  in the presence 

of var ious concentrat ions of baicalein. As shown in the double-rec iprocal  

plots in Fig. 3, baicalein inh ib i ted  the ac t i v i t y  of R-MLV- reverse  t rans -  

cr ip tase compet i t ive ly  wi th respect to the templa te-pr imer ,  ( rA )  n" (dT)12-18 

and noncompet i t ive ly  wi th respect to the t r iphosphate  subst ra te ,  dTTP.  

Th is  indicates that  baicalein binds to the b ind ing -s i t e  of the template" 

pr imer  on the enzyme and, consequent ly ,  i n te r fe re  wi th the react ion.  Ki 

va lue of the R-MLV- reverse  t ranscr ip tase  fo r  baicalein was determined by 

rep lo t~ng (Dixon plot)  the data in Fig. 3A to be 0.37 pM. 

Enzyme spec i f i c i t y  of the inh ib i t ion by baicalein. To evaluate the enzyme 

spec i f i c i t y  of the inh ib i t ion ,  the ef fects of baicalein on the ac t iv i t ies  of 

DNA polymerases ~, 13 and x were examined under  the assay condit ions 

descr ibed in Materials and Methods. As shown in Fig. 4, DNA polymerases 

and 13 were v i r t u a l l y  insens i t i ve  to inh ib i t ion by baicalein at concentrat ions up 

to 5 ]2g/ml, whereas DNA polymerase X was moderately inh ib i ted by th is  

compound. However, the degree of the inh ib i t ion  of x-polymerase was 

much less than that  of R-MLV- reverse  t ranscr ip tase .  

DISCUSSION 

Only a few natural  ingred ients  of plants have been repor ted so fa r  

to be i nh ib i t o r y  to reverse  t ranscr ip tase  and cel lu lar  DNA polymerases. 

Some tann ins,  fo r  example, i nh ib i t  reverse  t ranscr ip tase  from avian 

myeloblastosis v i r u s  (16),  and gossypol ,  isolated from cotton seed, inh ib i ts  
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DNA polymerase ~ from HeLa cells (17). In order to f ind more selective 

inhibi tors for  reverse t ranscr iptase,  we have screened some flavonoids from 

various plants. 

Baicalein was the f i r s t  one which was found to be a potent inhib i tor  

of the activit ies of reverse transcr iptases from MLV and HIV, while it was 

not inhib i tory to those of DNA polymerases ~ and 13. Only DNA polymerase 

x was moderately sensit ive to baicalein. Thus baicalein seems to be highly 

specific for reverse t ranscr iptase.  It inhibited the R-MLV-reverse t rans-  

criptase act iv i ty  in competit ive fashion with respect to the template.pr imer,  

( rA)  n ' (dT )12 -18 ,  with the Ki value of 0.37 ~JM. HIV-reverse t ranscr iptase 

act iv i ty  has usually been assayed in the presence of Mg 2+ as the divalent 

cation (18). However, the degree of the inhibit ion of HIV-reverse 

transcr iptase was much higher when the enzyme act iv i ty  was measured in 

the presence of Mn 2+ than in the presence of Mg 2+ (Fig. 2), indicating 

st ronger af f in i ty  of baicalein to the enzyme molecule with Mn 2+ as the 

divalent cation. 

Flavonoids are widely d is t r ibuted among plants and there are various 

f lavonoid compounds the s t ructures of which resemble baicalein. We are 

evaluating the inh ib i tory effects of these compounds on the reverse 

t ranscr iptase act iv i ty  in comparison with those on cellular DNA polymerases. 

Such comparative study will provide useful informations as to the "s t ruc tu re -  

act iv i ty  relat ionship" among this class of the compounds. 
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