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Summary : By comparing the i n i t i a t i o n  of t ranscr ip t ion  on mouse B-globin 
DNA and ~-bacteriophage DNA we have studied the spec i f i c i t y  of i n i t i a -  
t ion of ~-globin t ranscr ip t ion .  With both E. col i  and ca l f  thymus RNA 
polymerases, the spec i f i c i t y  of i n i t i a t i o n  of B-globin t ranscr ip t ion  is 
equally poor and depending on the RNA polymerase : DNA rat ios .  Non-histone 
proteins (NHP) from erythrogenic Friend cel l  nucle i ,  p a r t i a l l y  pur i f ied  on 
hydroxylapat i te,  modulate the i n i t i a t i o n  of B-globin t ranscr ip t ion .  Some 
subfractions st imulate spec i f i ca l l y  the t ranscr ip t ion  of B-globin. NHP 
which induce a spec i f ic  B-globin t ranscr ip t ion  are also present in the 
cytoplasm. The speci f ic  st imulatory NHP are two-fold more abundant in 
uninduced than in DMSO induced erythrogenic Friend ce l ls .  These proteins 
may play a general role in vivo in modulating the t ranscr ip t ion  during 
the terminal d i f f e ren t i a t i on  of ery thropoie t ic  ce l l s .  

Introduct ion : 

During the last  ten years, many d i f fe ren t  experimental approaches 

have been made to the problem of t ranscr ip t iona l  regulat ion by the  non- 

histone proteins (NHP) ~ of eucaryotic ce l ls .  The pr inc ip le  of most of  

these experiments is to t ranscr ibe chromatin and compare the in v i t ro  

t ranscr ip t  with the in vivo synthesized nuclear RNA or with RNA trans- 

cribed in v i t ro  from a naked DNA template ( I -6 ) .  The conclusions from 

these experiments were that RNA transcribed from chromatin by E. col i  RNA 

polymerase is very s imi lar  to in vivo RNA made in the same ce l l ,  and the 

RNA synthesis depended on the access ib i l i t y  of the DNA to the polymerase. 

DNA access ib i l i t y  to RNA polymerase is reduced by histones but th is  in- 

h ib i to ry  e f fec t  is reversed by components of the non-histone protein f rac- 

t ion .  We have previously shown that a non-histone f rac t ion from mammary 

ce l ls  stimulates the in v i t r o  t ranscr ip t ion  of the mouse mammary v i ra l  

DNA integrated in the chromatin of these ce l ls  (7). Recent observations 

have shown that the nucleosome structure of chromatin is not necessary 

NHP = Non Histone Protein 
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for  correct RNA synthesis and a whole cel l  extract without histones 

permits a normal speci f ic  messenger RNA t ranscr ip t ion from naked DNA (8~9). 

In order to see select ive and accurate i n i t i a t i o n  of t ranscr ip t ion such 

a soluble cel l  extract is necessary. Now that i t  is possible to measure 

i n i t i a t i o n  more precisely,  i t  is evident that with the pur i f ied polymerase 

i n i t i a t i o n  is not correct (8). I t  is possible that factors required for  

speci f ic  i n i t i a t i o n  were e i ther  lost  during pu r i f i ca t ion  of the polyme- 

rase or that cytoplasmic and nuclear proteins are necessary for  correct 

RNA i n i t i a t i o n .  

Recently, we have demonstrated that the mouse ~-globin DNA can be 

transcribed with e i ther  E. co l i  RNA polymerase or ca l f  thymus RNA polyme- 

rase B from i n i t i a t i o n  si tes at the 5' end of the gene ( I0) ,  In order 

to c l a r i f y  the role of the non-histone proteins in regulat ing t ranscr ip-  

t ion we have p a r t i a l l y  pur i f ied non-histone proteins and compared the 

ef fect  of subfractions on the i n i t i a t i o n  of in v i t r o  t ranscr ip t ion on 

~-bacteriophage and the mouse ~-globin gene. These resul ts permit us to 

dist inguish non-histone proteins, present both in the cytoplasm and nuclei ,  

which have two types o£ a c t i v i t i e s  on the i n i t i a t i o n  of mouse ~-globin 

t ranscr ip t ion.  

Material and Methods : 

Preparation and analysis of recombinant mouse..B-~lobin DNA fragments : A 
recombinant of ~gtWES bacteriophage and mouse Eco RI ~-globin fragment 
was obtained as described by Tilgham et a l . ( l l ) .  The ce r t i f i ed  EK 2 re- 
combinant ~gtWES G 2 bacteriophage was propagated in E. col i  C 600 using 
a P2 f a c i l i t y  (19). Recombinant bacteriophage mouse ~ - ~ n  DNA was pre- 
pared by phenol extract ion.  Restr ic t ion endonuclease cleavage of ~gtWES G 2 
was performed with 1.5 ~g of DNA in 50 ~I under standard conditions for  
Eco RI (13). Restricted DNA was than prepared by phenol-chloroform extrac- 
t ions as previously described (13). The fragments were analyzed on a 1% 
agarose gel (17) and visual ized by ethidium bromide staining. 

Preparation of non-histone proteins (NHP) : Friend erythroleukemic ce l ls  
(7071 C) were innoculated at IOb ce l ls  per ml in Dulbecco's modified Eagle's 
medium supplemented with 15 % horse serum (GIBCO) and incubated at 37°C 
for 5 days. Induction was carried out by the addit ion of (DMSO) ~ to a 
f ina l  concentration of 1.6 %. From these ce l ls  chromatin was prepared using 
a method previously described (15). The 50 mM phosphate non-histone protein 
f ract ions were prepared according to MC G i l l i v r a y  et a l .  (16). To prepare 
subfractions, the 50 mM f ract ion was applied to a column of hydroxylapat i te 
previously equi l ibrated with I0 mM phosphate buffer (pH 6.8). Subfractions 
were obtained by elut ing the colum with a 1 to I00 mM phosphate buffer 
gradient. 

DMSO = dimethylsufoxide 
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Preparat ion o f  t r a n s c r i p t i o n  complexes : DNA-RNA polymerase RNA ternary  
complexes on DNA fragments obtained by cleavage wi th  Eco RI endonuclease 
were analyzed by agarose gel e lec t rophores is  as described by Chelm et a l .  
(17). Components were added in a f i na l  volume of  30~ contain ing : 50 mM 
Tr is  HCI pH 7.9 ; I0 mM MgCI 2 ; 0.I  mM EDTA ; 1 mM DTT, I00 ~g/ml bovine 
serum albumin (Sigma) ; 1 ~g of  DNA fragments and usua l ly  0.075 ~g of E. co l i  
RNA polymerase (Boehr inger) .  The mixture was preincubated at 30 ° C fo r  
5 minutes and RNA synthesis was s tar ted by adding I0 ~I of  r ibonuc leo t ide  
t r iphosphates to y i e l d  a f i na l  concentrat ion o f  250 ~M ATP and GTP, 
25 ~M CTP and 2,5^~M UTP. Under these cond i t ions ,  RNA chain e longat ion 
is very slow. (~_JZp) UTP had a specific radioactivi ty of 20 ~Ci/mM. 
RNA synthesis was allowed to proceed at 30°C for 5 minutes unless otherwise 
indicated. Synthesis was stopped by addition of lO % glycerol 20 mM EDTA 
plus heparin (lO0 ~g/ml). A l ~l aliquot was precipitated with 5 % tr ichlo- 
racetic acid ; the precipitate was then passed on a glass f i l t e r  and 
counted in a sc in t i l la t ion  counter to measure RNA synthesis. The remainder 
of the sample was loaded on a 1% agarose gel (15 x lO x 0.5 cm horizontal 
agarose gel in 40 mM Tris acetate pH 7.9, 20 mM acetate, l mM EDTA). Elec- 
trophoresis was performed at 4°C for 6 hrs at lO0 volts. After removing 
the dye front containing the free ribonucleotides, the gel was stained 
with ethidium bromide (l ~g/ml) for 20 minutes at room temperature. The gel 
photographed with a polaroid camera was dried under vacmum on a Whatman 3 MM 
peper at room temperature. Several autoradiographies of the same gel were 
carried out with a Kodirex f i lm (Kodak) for various periods of time to 
determine the relat ive intensity of each band. 

Results and Discussion : 

Numerous results indicate that bacterial RNA polymerase is able to 

bind and correctly in i t ia te  RNA synthesis at in i t ia t ion  sites of eukaryotic 

viral  DNA (18-20). This specific in i t ia t ion  of transcription was shown 

to ~epend on the ratio of RNA polymerase : template DNA (18). In order 

to analyze the speci f ic i ty of in i t ia t ion  on the B-globin gene we have 

compared the in i t ia t ion  of B-globin transcription with the transcription 

of the ~ early gene in the presence of various amounts of E. coli RNA 

polymerase and cal f  thymus RNA polymerase B. Using both types of RNA 

polymerase, analysis of the nascent RNA-DNA complexes performed as described 

in Material and Methods clearly shows that the ~-globin DNA fragment is 

s l ight ly  more effect ively transcribed than the ~ early gene and ~ late gene 

DNA fragments (Fig. l ) .  The high molecular weight DNA fragment corresponds to 

the unrestricted B-globin DNA recombinant. After scanning with a Vernon photo- 

meter, autoradiog~aphs with 3 different exposure times, i t  can be calcu- 

lated that the optimal ratio for the in i t ia t ion  of transcription is 20. 

At this DNA : RNA polymerase ratio (W/W) we can estimate that approximately 

four and eight RNA polymerase molecules are bound respectively to the 

DNA fragments and the ~-globin DNA fragment. 

This transcription system should allow us to investigate a possible 

regulatory function of non-histone proteins (NHP). In order to test an 
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Figure 1 : I n i t i a t i on  complexes of E. col i  RNA polperase and cal f  thymus RNA 
polymerase I I  on Eco RI cleaved ~ lob in  recombinant DNA. 
Ternary i n i t i a t i on  complexes were formed at various enzyme : DNA 

weight rat ios and electrophoresis was performed as described in Material and 
Methods. For 1 ~g of DNA, lanes I-4 correspond respectively to 12,5 ng, 25 ng, 
50 ng, I00 ng of E. col i .  RNA polymerase (specif ic ac t i v i t y  : 2000 units/pg). 
For the same amount of DNA lanes 5-6, 7 correspond to 24 ng, 50 ng, I00 ng of 
ca l f  thymus RNA polymerase I I  (specif ic ac t i v i t y  500 units/pg). Arrows,~-,D.~ 

P, respectively indicate ~ bacteriophage DNA fragments, B-globin DNA insert 
and whole unrestricted 6-globin recombinant DNA. 

NHP e f fec t  on spec i f i c  B-globin t r ansc r i p t i on  we have p a r t i a l l y  pu r i f i ed  
NHP from uninduced and DMSO-induced Friend c e l l s  on a hydroxy lapat i te  

column (16). This p u r i f i c a t i o n  leads to the i so la t i on  of  a NHP chromatin 

subfract ion f ree o f  histones and nucleic acids. Complexes between var ious 

amounts of  NHP and ~B-globin fragments obtained by Eco RI d igest ion were 

formed by d i a l y s i s  against the t r ansc r i p t i on  buf fer  and t ranscr ibed as 

prev ious ly  described. Figure 2 shows the agarose gel e lect rophores is  of  

the t r ansc r i p t i on  complexes with three concentrat ions of  uninduced Friend 

ce l l  NHP (lanes 2, 3, 4) and DMSO-induced ce l l  NHP (lanes 5, 6, 7). 

As compared to the naked DNA control ( lane I )  NHP-DNA complexes are much 

more t ranscr ibed using both types of NHP. The t o ta l  t r ansc r i p t i on  is 

increased up to one hundred fo ld  depending on the NHP-DNA r a t i o .  In th i s  

experiment, the two ~ DNA fragments which migrate very c lose ly  are d i f f e -  

r e n t l y  t ranscr ibed° Whereas the fragment wi th l a te  genes which does not 

contain in v i t r o  promotor is  not t ranscr ibed,  the ~ ear l y  gene DNA fragment 

with PR and PL promotors is s i g n i f i c a n t l y  t ranscr ibed.  
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Figure 2 : Modulation of the in i t ia t ion of transcription by the 50 mM phos~a~ 
NHP fraction from uninduced Friend cell nuclei and DMSO induced 
Friend cell nuclei. 
Three different concentrations of nuclear NHP eluted from the hydro 

xylapatite column at 50 mM phosphate (16) were dialyzed with l u g  of Eco RI 
cleaved ~ globin DNA against the transcription incubation mixture for l hour 
at room temperature. DNA protein complexes were then transcribed with 12,5 ng 
of E. coli RNA polymerase under similar conditions described in Figure I. 
Lanes l to 7 of the autoradiograph of the agarose gel electrophoresis corres- 
pond respectively to the transcription without NHP transcription with l ~g, 
2 ~g, 3 ug of uninduced Friend cell NHP (lanes 2, 3, 4) and l ~g, 2 ~g, 3 ~g 
of DMSO induced Friend cell NHP (lanes 5, 6, 7). Arrow,~,_D.,.~show respec- 
t ively the ~ late genes, ~ early gene DNA fragments and the B-globin DNA 
fragment. 

The st imulatory e f fec t  of  NHP is more or less speci f ic  for  the 

~-globin DNA fragment depending on the NHP-DNA ra t io .  Thus, the scanning 

with a Vernon photometer of each band in three independant experiments 

shows that the spec i f ic  i n i t i a t i o n  of B-globin t ranscr ip t ion  is d i f f e r e n t l y  

modulated by Friend cel l  NHP (see f igure 4). NHP from uninduced as well as 

induced Friend cel l  nuclei are capable of spec i f i ca l l y  st imulat ing the 

~-globin DNA t ranscr ip t ion .  Thus, for a NHP-DNA ra t io  of 1 (uninduced 

Friend ce l l  nuclei) and 3 (uninduced Friend cel l  nucle i )  the B-globin 

i n i t i a t i o n  of t ranscr ip t ion  is stimulated more that the ~ i n i t i a t i o n  of 

t ranscr ip t ion .  For a higher protein-DNA ra t io  the speci f ic  st imulatory 

e f fec t  was almost completely abolished. Even inh ib i to ry  e f fec t  was obser- 

ved with higher concentrations (Fig. 3, lanes 3 and 5). We have also 

tested the e f fec t  of  cytoplasmic protein s im i la r l y  pur i f ied  on hydroxyl- 
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Figure 3 : Effect of the c~toplasmic NHP fraction on B-globin transcription 
in i t i a t i on  compared to that of the nuclear NHP fraction. 
NHP from uninduced Friend cell cytoplasm were purif ied on hydro- 

xylapati te column as described for the nuclear NHP (16). The fraction eluted 
at 50 mM phosphate was compared to th~ nuclear fractions eluted under the 
same conditions. Lanes l to 7 of the autoradiograph of the agarose gel elec- 
trophoresis correspond respectively to the transcription without NHP, trans- 
cr ipt ion with 3 ~g, 6 ~g of uninduced Friend cell nuclear NHP, 3 ~g, 
5 ~g of induced Friend cell nuclear NHP, 4 ~g, 6 ug of uninduced Friend 
cell cytoplasmic NHP. A r r o w s , - ~ o r r e s p o n d  respectively to ~ DNA and 
B-globin DNA fragments. Minor bands correspond to Eco RI star digestion. 

apat i te column on the spec i f i c i t y  of  t ranscr ip t ion  (Fig. 3,1ane 6 and 7). 

I t  is clear that cytoplasmic proteins stimulate both the tota l  t ranscr ip-  

t ion and the i n i t i a t i o n  of speci f ic  B-globin t ranscr ip t ion .  Proteins from 

induced Friend cel l  cytoplasm are as e f f i c i e n t  as proteins from uninduced 

Friend cel l  cytoplasm (resul ts  not shown). In order to precisely compare 

the ~-globin to the ~ early gene i n i t i a t i o n  of t ranscr ip t ion  we have quan- 

t i f i e d  the amount of i n i t i a t i o n  complexes by measuring the band in tensi t ie~ 

with a Vernon in tegrator  photometer. By calculat ing the B-globin : ~ ear ly 

gene t ranscr ip t ion  ra t io  we can estimate the e f fec t  of  NHP on the spec i f i -  

c i t y  of  the B-globin i n i t i a t i o n  of t ranscr ip t ion .  Thus, the composite 

curves (Fig. 4) suggest that several st imulatory and inh ib i to ry  a c t i v i t i e s  

co-exist  in the 50 mM phosphate NHP f ract ion from uninduced and DMSO induced 

Friend cel l  chromatin. All  these resul ts suggest that one or several 

proteins more abundant in uninduced Friend cel l  nuclei stimulate spec i f i -  

ca l l y  the t ranscr ip t ion  of an eucaryotic gene. 

We have fract ionated the 50 mM phosphate protein f rac t ion by elu- 

t ing sub-fract ions with an phosphate gradient from the hydroxylapati te 
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i !  E~ 

o ~ ~ ~. ,i ~ ~ 
NHP ~g 

Figure 4 : Variations of the 6-~lobin : earl~ ~ene transcription rat io with 
the nuclear and c~toplasmic NHP fraction from uninduced and DMSO 
induced Friend cel l .  
Several autoradiographs exposed for different times were quanti- 

fied with a Vernon integrator photometer. The amount of in i t ia t ion  complexes 
on each DNA fragment was estimated by measuring the band intensities in 
three independant experiments : The 6-globin/X early gene transcription 
ratios were quantified for the uninduced Friend cell NHP (----o-~), DMSO 
induced Friend cell NHP ( ~ ) and cytoplasmic proteins from uninduced 
Friend ( : ). 

/ . ' ~  Ioo 

7 • w ",.,;N,~7.. io 
f i l l  

I o ~b ' 2b ' g ' 40 ' ab 
VOLUME (ml )  

Figure 5 : Non-histone proteins eluted ~Eom the h~drox~lapatite column 
Proteins Were labelled with ~S3~ethionine (specific act iv i ty  : 

500 mCi/mM) in cell culture for 12 hours. S labelled proteins have a speci- 
f ic  act iv i ty  of 120 counts per minute and per pg of protein. The 50 mM phos- 
phate labelled protein fraction from uninduced Friend cell chromatin was 
loaded on a hydroxylapatite column as already described (16). Proteins were 
eluted from the column with a phosphate gradient from 1 mM to lO0 mM phosphate 
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Figure 6 : Modulation of B-91obin transcription in i t ia t ion by nuclear NHP sub- 
fractions eluted from h~droxylapatite column with NaCl. 
The nuclear NHP fraction of uninduced Friend cell eluted at 50 mM 

phosphate was loaded on a second and similar hydroxylapatite column. Proteins 
were eluted with a phosphate (I-100 mM) in 50 different subfractions. One 
protein amount (1 ~g) of every fraction in two was tested on the B-globin 
transcription in i t ia t ion under conditions described in Figure 2. Number 0 to 
8, 9 to 17, 18 to 24 correspond to three different test series of fractions from 
the same column. Lanes 0 are control tests without NHP subfractions. ~ and g 
show respectively the ~ bacteriophage DNA fragments and the B-globin DNA fragment. 

column (Fig.  5)° These NHP subfract ions were tested at the same NHP-DNA 

r a t i o  as prev ious ly  described. From Fig. 6 i t  can be concluded t h a t  

f r ac t i on  n ° 5 and 6 s t imula te  exc l us i ve l y  the i n i t i a t i o n  of  B-globin t rans-  

c r i p t i o n .  In cont ras t ,  f r ac t i on  n ° 1 and 2 s t imula te  non s p e c i f i c a l l y  

the i n i t i a t i o n  of  ~ and B-globin t r a n s c r i p t i o n .  I t  has been noted that  

other prote in f rac t ions  i n h i b i t  non s p e c i f i c a l l y  the ~ DNA and B-globin 

DNA t r ansc r i p t i on  ( fo r  example, f r ac t i on  n ° 10-13). These subfract ions 

analysed on two dimensional gel s t i l l  contain about 20 species of  NHP 

(unshown r e s u l t s ) .  
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A regulatory function in t ranscr ipt ion has been demonstrated for 

DNA binding NHP ( I -3 ) .  These proteins are involved in the in v i t ro  activa- 

t ion of tota l  DNA t ranscr ip t ion.  We describe here a NHP fract ion which 

contains th is type of protein. Furthermore, we can dist inguish a sub- 

f ract ion which stimulates globin gene t ranscr ipt ion spec i f i ca l ly  as compared 

to the ~ bacteriophage t ranscr ipt ion.  In Friend cel ls the globin gene is 

transcribed both in the uninduced and induced Friend cell  cultures (22) 

although the number of copies of globin mRNA present in the la t te r  is much 

higher. We would suggest that the NHP subfraction which has a specif ic 

st imulatory effect on the i n i t i a t i on  of globin of globin gene t ranscr ipt ion 

in v i t ro  has a general st-imulatory effect on the i n i t i a t i on  of t ranscr ipt ion 

in Friend cel ls° I ts  higher level in non-induced cultures ref lects the higher 

st imulatory ac t i v i t y  in these cel ls (21). Impl ic i t  with a regulatory role, 

the NHP should possess components that can interact spec i f i ca l ly  with 

homologous DNA, This t ranscr ipt ion system constitutes an assay to pur i fy 

proteins which can interact with s i te specif ic regions in the genome. 
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