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A Special Form of Deoxyribonucleic Aci 

Isolation and Characterizationt 
ibonucleie Acid Polymerase from 

John Wilhelm, Dino Bina, and Marc0 Crippa* 

ABSTRACT: DNA-dependent RNA polymerase activity has 
been extracted in low salt from Xenupus lueois ovaries. The 
readily soluble enzyme has been purified 200-fold by REAE- 
cellulose, phosphocellulose, and Sepharose 6B chromatog- 
raphy. The purified enzyme shows general elution and 
enzymatic properties similar to form A (I) from other tissues 
but can be distinguished by two main criteria: it is almost 
completely inhibited by high levels of a-amanitin and tran- 
scribes preferentially native DNA. An analysis of the activities 
in liver and kidney nuclei has sh0v.n that they contain only 
the known A (I) and B (11) forms of the enzyme, leading to the 
conclusion that the enzyme described below is probably a 
special form localized in the ovary. By microdissection tech- 

D uring oogenesis the amphibian oocyte accumulates 
large quantities of different RNA species for later use during 
early embryonic development. Several biochemical events con- 
nected with the synthesis of the different RNA species are now 
well established. 

An interesting situation exists in fully grown Xenopus laeuis 
oocytes which contain a large store of ribosomes. The synthesis 
of the ribosomal RNA (rRNA)’ components (28,18, and 5 S) 

t From the Department of Animal Biology. University of  Geneva, 
1224 Geneva, Switzerland. Received J d y  23, 1973. Supported by 
Grant No. 37541-72 from the Swiss National Fund and a special fellow- 
ship from the Emit Barell Foundation of Hoffmann-La Roche to J. W. 

1 Abbreviations used arc: DEAE, dicthylaminoethyl; RNA polym- 
erase, nucleotide triphosphate:RNA nucleotidyltransferase (EC 
2.7.7.6); EDTA, ethylenediaminetetraacetate; rRNA, ribosomal ribo- 
nucleic acid. 
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en found that this enzynie is localized in the 
nucleus of the oocytes and it is therefore called “oocyte- 
soluble polymerase.” Germinal vesicles of stage 6 oocytes 
contain a large amount of RNA polymerase, which has been 
calculated to be roughly 106 times larger than a liver cell. In 
addition to a small amount of form B (11) polymerase (IO- 
15 % stage 6 oocytes contain predominanty the special oocyte 
soluble polymerase, whereas form A (I), if present, must I..- 

present less than 5 %  of the total RNA polymerase activity. 
This large amount of enzyme exists at a time when the oocyte 
nucleus also contains the amplified rDNA cistrons, and the 
possibility that the polymerase is involved in rDNA trans- 
cription is discussed. 

during oogenesis is  achieved by different and rather intriguing 
processes. 

The Xenopus diploid genome has at least 54,000 5s RNA 
genes (Brown and Weber, 1968) which are active during the 
entire period of oogenesis (Mairy and lcknis, 1971). On the 
contrary, there are. only !H)o rRNA genes per diploid genome. 
The oocyte, however, selectively replicates its rDNA com- 
plement and then transcribes the amplified genes very actively 
but only in a temporally limited period. 

We were interested in studying the properties of the RNA 
polymerases’ operating inside of the oocyte during these 
events. In eukaryotic sysl.ems different farms of RNA polym- 
erase have been separated (Rseder and Rutter, 1969; 
Kedinger et al., 1970; Jacob el d., 1970) and purified 
(Charnbon et ai., 1970; Blatti et al., 1970; Weaver et al., 1971; 
Chesterton and Butterworth, 1971a,c; Gissinger and 
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Chambon, 1972). The two main form A (I) and B (11) and a 
third nuclear form (III), found in certain casea (Roeder and 
Rutter, 1%9, 1970; Blaclti et al., 1970; Fonta et al., 1972; 
Doenccke et uf., 1972), have been separated by DEAE chro- 
matography and characterized.* 

In aim, form A (I) is localized in the nucleolus and is 
thought to be related to the synthesis of rRNA whereas form 
B (11) is nfcleoplasmic and is probably involved in the syn- 
thesis of nuclear and messenger RNAs (Ghambon et d., 
1970; Jacob et ul., 1970; Pogo et al., 1967). 

In the present paper we report the isolation of a special 
form of RNA polymerase from Xenopus ovarian tissue. This 
enzyme, in contrast to the A (I) and B (11) forms isolated from 
Xenopus liver, prefers double-stranded DNA as a template 
and shows intermediate sensitivity to a-amanitin. It represents 
about 70% of the total enzyme activity found in whole ovaries 
and at least 90% of the polymerase in oocytes (stage 6). A 
small amount (10%) of polymerase form B (11) is observed in 
oocytes but no detectable form A (I). This special enzyme 
activity, called soluble oocyte polymerase in this paper, is 
localized in germinal vesicles, but its function is as yet undeter- 
mined. 

Materials 

Some a-amanitin was kindly supplied by Professor Wieland, 
Heidelberg, and the rest was purchased from C. H. Boeh- 
ringer, Ingelheirn, Germany. Tritiated UTP was from New 
England Nuclear and unlabeled nucleotide triphosphates 
were from Fluka AG, Buchs, Switzerland. Tris base and am- 
monium sulfate were Schwarz/Mann enzyme grade, DEAE- 
and phosphocellulose were Whatman DE-52 and P-11, respec- 
tively, and Sephadex and Sepharose were from Pharrnacia 
Fine Chemicals. 

Xenopus luevis were purchased from the South African 
Snake Farm, Fish Hoek, South Africa. 

Methods 

Solutions used were: homogenization buffer, 15% gly- 
cerol-20 mM Tris-HCI (pH 7.9H.1 mM dithiothreitol-0.1 mM 
EDTA; diluting buffer, same but 30% glycerol; DEAE 
buffer, 30Z glycerol-20 mM Tris-HCI (pH 7.9)-50 mM ("I)*- 

phosphocellulose buffer, DEAE buffer without MnCI2; 
Sepharose buffer, DEAE buffer but with 100 mM (NH&SOI; 
storage buffer, 50% glycerol-20 mM Tris-HCI (pH 7.9)-3 mM 
MnClrO.1 mM dithiothreitol; incubation mixture for RNA 
polymerase activity 20 mM Tris-HCI (pH 7.9)-0.5 m~ ATP, 
GTP, CTP-0.005 mM PHIUTP ( 5  pCi/ml)-0.1 m~ dithio- 
threitol. The salt and divalent cation vary according to the 
particular experiment as described. 

General Procedures. All preparative procedures are done in 
ice and chromatographic columns (except Sepharose 6B) are 
run and collected at -10" in an LKB 7000 refrigerated frac- 
tion collector. The enzyme fractions are stored in 50% gly- 
cero! at -20" or in liquid NP (Kedinger et a/.,  1972). Every 
ammonium sulfate precipitation is done at 50% saturation 
(0"). All water is quartz distilled deionized. Protein concen- 
tration is determined by the Lowry procedure (Lowry et ul., 

Soh-3 mM MnClrO.l mM dithiotbdtol-0.1 mM EDTA; 

*Two kinds of nomenclature are currently used to identify the multi- 
ple forms of  RNA polymerase in eukaryotes. One uses alphabetic letters 
such as A, E, and C while the other employs Roman numerals such as 
I, 11, and 111. In thc present paper we use letters to identify the different 
enzymes, putting in parentheses the corresponding Roman number of 
the alternative nomenclature: A (1). B (11). 

1951) with p ~ ~ ~ ~ e ~  ~~~~ to coprcet 
glycerol buffers. 

the ~n~~~~ OT the 

be. The crude chromktin is res 

centrifuged and discarded. The soluble 
lr 30 min with a volume of settled DEAE- 

funnel and the enzyme eluted with 200 
EAE buffer. The protein is precipitated 
ected by centrifugation, and redissolved 

Preparation of Lives RNA Polymerases. Freshly excised 
livers are 0.25 M sucrose-20 mM Tris-HCI 
(PH 7.9)- mM KC1 (Seifart el ul., 1972). The 
nuclei are trifugation at 8OOg fsr 10 min, the 
supernatant k i n g  subsequently used as the source of liver 
"C" enzyme (see low). The nuclei are purified through 
sucrose, resuspended in DEAE buffer with 300 m M  (NH&SO4 
(half the original volume), sonicated to reduce the viscosity 
(8 x IS sec), and centrifuged 220s000g-hr. The A (I) and B 
(11) Forms are subsequently separated on DEAEcellulose by 
the procedure of Medinger et ul. (1972). The centrifuged 
supernatant is diluted to 100 tnM (NH1)2SQ, with DEAE 
buffer minus (NH4)S04 and batch absorbed to a settled 
volume of DEAE-cellulose equal to twice the original liver 
weight. Form A (I) is recovered from the L00 mM filtrate by 
ammonium sulfate precipitation and form B (11) is eluted 
from the DEAE-cellulose at 300 mM (NH4kSQI and also 
ammonium sulfate precipitated. Both fractions are redissolved 
in storage buffer. The separation of the two forms is checked 
by assays with 0.1 &nl of a-amanitin. If necessary, the frac- 
tions are rechromatographed on DEAE-cellulose; otherwise 
they are further purified by phosphocellulose chromatog- 
raphy. 

The cytoplasmic supernatant is further centrifuged at 
48,OOOg for 30 min. The resulting postmitochondrial fraction 
is ultracentrifuged 400,000g-hr and the final supernatant is 
batch absorbed to 2 vol of DEAE-cellulose equilibrated in 
DEAE buffer. The enzyme i s  eluted at 200 mM (NH&S04, 
and precipitated with ammonium sulfate. The resulting liver 
cytoplasmic form of RNA polymerase is further purified by 
DEAE- and phosphocellulose chromatography. 

C/iromutograt,hic Procedures. DEAE- and phosphocellulose 
columns are prepared Rnd run as described by Weaver e( a/. 
(1971) and Gissinger and Chambn (1972). Fractions in 
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FIGURE 1 : Flow chart of RNA polymerase purification from Xh?optts 
ovaries: Y, yield of enzyme at each step; A, specific acthit) of the 
enzyme in units per milligram of protein. The numbers represent 
the range of values obtained from several preparations. 

storage buffer are diluted to 30% glycerol and the a ~ o n i u ~  
sulfate i s  adjusted to 50 mM by the use of a conductivity 
meter. MnC12 (3 m) is included in all DEAE-cellulose steps, 
but is omitted in samples chromatographed on phxpho- 
cellulose, although MnCls is added to the tubes in the fraction 
collector. The ammonium sulfate concentration of column 
fraction assays is adjusted to 20-50 mM, or about 100 m~ for 
B enzymes. Sepharose 6B columns (1.6 X 90 cm) are loaded 
with 3 ml or less of DEAE- and phosphocellulose purified 
enzyme and eluted with Sepharose buffer at 15 rnl/hr. The 
enzyme-containing fractions are cor sentrated by ammonium 
sulfate precipitation. 

R N A  Polymerase Assay. Assays are performed in a volume 
of 200 pl(100 pl with purified enzyme) in the incubation mix- 
ture (see section on solutions) for 15 min at 30". the optimal 
temperature for these enzymes in oirra. The incubation mix- 
ture, divalent cation, ammonium sulfate, and DNA are added 
separately and vary according to the experiment. Normally, 
incubations include 1.5 mM MnCh and 30 pg/ml of bulk 
Xenopus DNA, Incubations are stopped by the addition of 
cold 1 NarP20? (pW 8) and trichloroacetic acid to 5%. The 
precipitate is collected and washed on Whatman GF/G glass 
fiber filters and scintillation counted. 

One unit of enzyme activity under these conditions incor- 
porates 1 pmol of [aH]UTP into acid-precipitable product. 

Preparation of DNA. Xenopus Iaevis bulk DNA was pre- 
pared from erythrocytes as described by Brown and Weber 
(1968). High molecular weight DNA (-35 X IOo daltons) was 
prepared from ovaries of Xenopus tadpoles with an initial 
digestion with proteinase K and subsequent purification as 
outlined by Gross-Bellard et 01. (1973). 

Determination of Nucleases in the Enzyme Preparation 
(Sepharnse Enzyme). For DNase determination 18 pg of 

o a 15-30% su4:rose 
~d~~~ d ~ ~ ~ c y ~  sulfat 

of the toad  ova^^^^ polymerase: the r em~~nder  is soluble even 
in low salt and is found in the 58 mM supernatant at this step. 
This easily soluble RNA polymerase activity has k e n  further 

nf. Enzyme activity esti- 
due to the high protein 

factors partially ~ ~ ~ ~ b ~ t j ~ ~ ~  the enzy 
ency is usually over 80z, some indicative 

estimates of the total and specific activity have been mait; 
(Figure I). ~~e~ this enzyme fraction is bested with native and 

Iates, it shows a preference far double- 
(see paragraph on enzyme specificity), a 
s retained throughout the purification proce- 

dure. All estimates of the inhibition in the presence of low and 
high ~ - a m a ~ i ~ i ~  concentrations are made impossible by the 
low specific activity of this crude fraction and by the poor re- 
producibility of the assays. 

BEAE-CeUdarlose. When the SQ mM supernatant is made 3 
mtd MnClz, a precipitate is formed which, however, contains 
very little enzyme activity and which can be removed by cen- 
tsifugation. The superneitanb is batch absorbed to DEAE- 
cellulose, eluted, and ammonium sulfate precipitated (see 
Methods). 

This step yields en enzyme which is a b u t  tenfold purified 
and can be assayed in a linear way up to a protein concentra- 
tion of 0.5 mg/ml without any inhibitory effect. The enzyme 
recovered accounts for more than 100% of the original. SO MM 
supernatant activity and this activation ic. probably explained 
by the removal of nonspecific inhibitors. The DNA de- 
pendence is absolute and the preference for native over 
denatured template i s  a b u t  twofold. 

When assayed in the presence of warnanitin, the redissolved 
enzyme showed a b u t  5770 inhibition at 0.1 pg/ml while it  was 
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FrciuRE 2: Purification of the RNA polymerase solubilized in 
mM ammonium sulfate from Xenopus ovaries. (A) DEAEce~~u~ose: 
200 mg of protein containing 1.2 x 10‘ units of enzyme in DEAE 
buffer were loaded onto a 1.2 X 40 cm column of DEAEcellulose. 
The enzyrne was eluted with a 300-ml gradient (50-450 mM am- 
monium sulfate) and Sepl aliquots of the fractions (10 ml) were 
assayed. (8) Phosphocellulose; on a 1.2 X 20 cm column of phos- 
phocellulose was loaded the enzyme from the DEAEcellulose 
column dissolved in phosphocellulose buffer. The column was 
developed with a 200.ml gradient (50-350 mM ammonium sulfate) 
and %#I aliquots of the fractions (6 ml) were assayed for enzyme 
activity. (C) Sepharose 68; 3 ml of phosphocellulose-purieed 
enzyme (10-15 mg of protein) dissolved in Sepharose buffer with 
400 mM ammonium sulfate was loaded onto a 1.6 X 90 cm column 
of Sepharose 68; 10-mi fractions were collected at 17 ml/hr and 
SO-pl aliquots were assayed for enzyme activity: (-1 [aH]UTP in- 
corporation into acid-precipitable product; (---) O&B om; 
(---)ammonium sulfate concentration. 

90% inhibited by high amounts of this drug (250 @elm!) (see 
Figure 4). The template specificity and drug inhibition will be 
described in greater detail later. 

Further Purification Procedures. The enzyme obtained after 
ammonium sulfate precipitation of the DEAE eluate can be 
stored several days at -20” in storage buffer. The presence of 
MnCh is important for the enzyme stability as well as for 
obtaining reproducible purification. The small amount of 
form B (11) present after the first DEAE batch absorption is 
removed by loading the enzyme onto a DEAE-cellulose 
column and eluting it with a salt gradiect (Figure 2A). The 
peak of activity eluted at 130-150 m M  (NHMO, is  ammonium 
sulfate precipitated, resuspended in Mn*+-free buffer, and 
loaded onto a phosphocellulose column (Figure 28). The 
enzyme eluted by a salt gradient comes out at a concentration 
of about 180 mM ammonium sulfate, Remaining traces of 
nucleases (see Methods) are removed when the enzyme is 
then fractionated on the Sepharose 6B column (Figure 2C). 

The final specific activity of the enzyme is 1900 units/mg and 
represents a 200-fold purification from the 50 mM supernatant. 
It should be noted that for practical reasons the enzyme is 

c at ditlerent concentra. 
activity = 2.5 units of 

units of enzyme. 

ting concentration of UTP. At 
specific activity iiL increased two- 
lnbilished o ~ e r v ~ t ~ o n s ) .  FurEher 

purification of the enzyme on glycerol gradients has been 
thwarted due to the insrablity of the purified enzyme in all 
conditions tested. In ~ ~ ~ i t i o ~ ,  c ~ r o ~ a t o g r a p ~ y  on carboxy- 
i n e t ~ y ~ c e ~ ~ u ? o s ~  or ~ ~ o x y ~ ~ ~ ~ t i ~ e  was unsuccessfu!, but 
affinity c h r ~ m a ~ o ~ r a  y on ~ ~ A ” ~ e p h a r o s ~  appears more 
pro mi s i n g . 

Properties. Figure 4 shows the results obtained when the 
analyzed for divalent cation preference, 
ence. There is a twofold preference for 
*+ displays a very sharp optimum at 1.5 

PIIM, while Mg*+ has a much broader range (Figure 3A). 
Ammonium sulfate in the presence of Mn* is stimulatory (a 
maximum of 3QZ at 20-40 r n ~ ;  Figure 3B) but is not effective 
with Mgze. Finally, the optinium pW for the enzyme is near 
8.0 (Figure 3 0 .  Thus, it is apparent that chromatographically 
(Figure 2A-C) and enzymatically (Figure 3A-C) the proper. 
ties of the enzyme are quite similar and indeed almost identical 
with those of the form A (I) polymerase previously described 
(Chambon et a/., 19”10; Chesterton and ~utt~!rwor~h, 1971a; 
Seifart et a/., 1972). 

There are, however, two distinct propertie!, of the enzyme 
purified from Xemppp~s ovaries which make it quite easily 
~istinguis~ab~e from polymerase A (I): (1) sensitivity to the 
mushroom toxin a-amanitin and (2) different tmplate specific- 
ity. These two properties, as discussed before, are already 
presenE after the very fist purification step (DEAEcellulose 
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PIGURE 4: Effect of a-amnitin on Xenopus lueub R 
RNA polymerase was f r a ~ t i o n a ~  and partial 
Methods and Figure I )  from Xenopus liver nuclei and ovary. a- 
Amanitin sensitivity was assayed using optimal conditions for each 
enzyme (Figure 3 and Table I): (A) liver A (I) purified ~ h r o M ~ ~  the 
DEAEcellulose step; 100% activity = 0.75 unit; (0) oocyte soluble 
enzyme purified through the Sepharose 68 step; 100% activity = 
1.1 units; (r]) liver B (11) purified through the ~ ~ A E ~ e ~ l u ~ o s e  
step; 100% activity 0.5 unit; ovarian 8 (11) polymerase gives the 
same result. 

batch absorption) and are not changed during the e 
procedure. Indeed, if a portion of the 50 mM $ ~ ~ e r n a ~ a n t ~  
before the DEAE absorption, is c h r o ~ t o ~ a p h e d  dir 
Sepharose 68 (10 ml applied to a 2.6 x 100 cm C O ~ U  
enzyme eluted (tenfold purified) shows similar recovery and 
identical enzymatic characteristics as the ~ E A ~ - c ~ ~ ~ u ~ o s e  
treated enzyme, which indicates that the enzyme properties 
are independent of the purification techniques employed. 

(1) ~ - A M A N I ~ N  SENSITIVITY. Figure 4 shows the results ob- 
tained when the ovary RNA polymerase and the polymerase 
A (I) and B (11) extracted and purified from Xenopus liver are 
assayed in the presence of increasing concentrations of a- 
amanitin. The liver A (I) enzyme, as previously reported by 
other authors (Seifart et a!., 1972; Kedinger et a/., 19721, is in- 
sensitive to the drug even at concentrations above 250 pg/ml, 
whereas the liver 8 (11) enzyme is completely inhibited at  0.1 
pg/ml. The ovarian enzyme is unaffected by a-amanitin up !o 
a concentration of 1 rg/ml but it is progressively inhibited at 
higher concentrations. The inhib?ion is independent of 
divalent cation, salt (0-50 mM (NH1)2SOl), or template 
(single- or double-stranded DNA). The final inhibition at 250 
rglrnl is 80-90x. This pattern of sensitivity does not result 
from the presence in our enzyme preparation of another a- 

ive a good level of activity. 
ive DNA increases as saturat- 

enzyme for certain sites that are provided as more DNA IS 
n the basis of the increasing preference for native 

DNA it is then reasonable to concludc that these sites are 
somehow “’specific.” The ~ W Q  main properties of the oosyte- 
soluble ~ Q ~ y ~ e r ~ $ ~  in transcribing DNA, that is, the prefer- 

A and the ability to trmscribe high molecu- 

TABLE I: Properties of Some RNA Polymerases from Xenopus iaevis.’ 

DNA a-Amanitin DEAE- 
Cellulose % Inhibition T ~ m p ~ a t e 3  

Elution m~ M Denaturedl 
Source Localization Type (NH4k§04 Mn2+/MgZ+ (IFBM) LOW High Native 
Liver Nuclear A (1) 130 2.8 20 0 0 2.2 
Liver Nuclear 8 (11) 240 20 100 100 2 .2  
Liver Cytoplasmic C 130 2.3 20 0 70 2 . 1  
Ovary Nuclear B (11) 240 10 100 
Oocyte Nuclear Soluble 130 2 . 3  30 0 92 0.60 

- ~ _. 

The DNA-dependent RNA polymerases of liver, ovary, and oocyte were pmrificcl by 1)EAEcelilulose and PhosphoceIluI~e 
chromatography as outlined under Methods. The partially purified fractions were assayed in parallel experiments to those shown 
in Figures 3-5. a-Amanitin concentrations: low, 0.1 bg/rnl; high, 250 pg/rnl. sseys with low molecular weight DNA at sturaa- 
tian. 

12@4 B I O C H E M I S T R Y ,  V O L .  13 ,  NO. 6, 1 9 7 4  



P~OURE 5: (A) Effwt of salt on the transcription af native and 
denatured DNA. DNA was denatured by incubation for 1s 

fter cooling in ice it was added in saturating amounts to 
containing increasing concentrations of (NHrhSQp. In 

experiment native DNA has been used: (0-01, native; 
(A-A) denatured; ($-+) native/denatured. (B) Saturation of the 
enzyme by native and denatured DNA; 1 unit of ~ p h a r o ~ ~ p u r ~ f i e ~  
enzyme was assayed with amounts of DNA varying betwan 1 and 
10 adml. DNA was denatured as described above. The template 
size, IO@ daltons double stranded, was determined by electron 
microscopy: (Q-0) native; (A-A) denatured; (+-+) native/de- 
natured. 

lar weight intact templates, should be relevant to obtain a 
good degree of fidelity in an in vitro transcriptionai system. 
Work is in progress to characterize the affinity of the enzyme 
for different templates and to analyze the RNA products. 

Organ Spec#icity and Cellular tocalization. Having puri fie 
and partially characterized this new RNA polymerase from 
Xenopus ovariest other tissues were checked for the presence 
of the enzyme. In Xenopus liver nuclei, two species of RNA 
polymerase were characterized and found similar to those 
isolated by Roeder et a/.  (1970). In addition, it was possible 
to detect in the liver cytoplasm an enzyme with intermediate 
a-aminitin sensitivity, similar to enzyme “C” described 
recently by Seifart er al. (1972) in rat liver. 

Table I shows the basic properties of the different RNA 
polymerase activities isolated from Xenopiis liver compared 
to ovarian enzymes. It is immediately ap?arent that the par- 
tially a-amanitin sensitive liver “C” eltzyme does not show 
the same template specificity as the soluble oocyte polymerase. 
Moreover, the soluble oocyte enzyme is localized in the 
nucleus of the oocyte (see Table IV), whereas the liver “C” 
enzyme is recovered in the postmicrosomal supernatant and 
is undetectable in purified nuclei. Therefore, it looks more as 
if the liver “C” and the oocyte-soluble enzyme could be two 
different enzymes which show similar a-amanitin sensitivity 
patterns. The results summarized in Table I1 clearly show that 
the recovery of the oocyte-soluble enzyme does not depend on 
the extraction conditions. At the same time, Xenopus liver 
nuclei do not yield any trace of an enzyme with such a- 
amanitin and template properties, either after low or high 
salt extraction. It seems therefore that the extraction condi- 
tions do  not select for a minor species of RNA polymerase nor 
do they cause any artificial interconversion of the classical 
nuclear A (I) and B (11) RNA polymerases into the special 
form which is characteristic of the oocyte. 

A further search for an RNA polymerase with intermediate 
a-amanitin sensitivity in Xenopus kidney disclosed the presence 
of the well-characterized forms A (I) and B (11); however, no 
partially a-amanitin sensitive activity could be detected. 

LQCAL~ZATION IN THE OVARY. Most of the mass of the ovary 

of an adult Xempus female is c o n ~ ~ ~ b u ~ e  

oocyte is surrounded by 
ratio of a p ~ r o x i ~ t e i y  

dissected cells. Thus, to recover both the soluble and chroma- 
tin-bound enzymes, instead of pellet the chromatin by 
ultracentr in 50 mM arnmoni sulfate (Figure 11, 
the post-y 1  ernata at an^ was immediaiely raised to 300 
~ I M  ammonium sulfate, sonisrited briefly, and ultracentrifuged 
as usual. The supernatant was mixed with DEAE-cellulose and 
diluted to 50 mtM. The total enzyme was eluted at  300 mM 
ammonium sulfate and precipitated. The redissolved enzyme 
was assayed a& two concentrations of a-amanitin (0.1 and 
250 pg/rnl) and for template preference in the absence and 
presence of 250 yg/ml of &-amanitin. The enzvme inhibited at  
0.1 pg/ml of warnanitin ’s considered to be form 8. (11) 
(Table I). Since the inhibition of the easily soluble ovarian 
enzyme by a-amanitin at 250 crg/ml i s  never 100% (Figure 4 
and Table I), we characterized the residual lO-lS% of the 
activity by its template preference using the following rationale. 
If the polymerase in the presence of high concentrations of 
a-amanitin prefers native DNA as a template (denatured/ 
native = 0.60 P 0.85), it i s  considered to b: soluble oocyte 
polymerase activity. Nigher ratios are considered to be in- 
dicative of the existence of polymerase A(I) which is not in- 
hibited by a-amanitin (Figurc: 4) but prefers denatured DNA 
by more than twofold (Table I). It must be stressed that these 
ratios are obtained with standard assay contlilions of 20-30 
mtM (NW4GQ4 and low molecular weight DNA (Figure 5). 
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e Stage 6 oocytes were ~ n u a l ~ y  collected (stage 6 f o ~ ~ ~ c u ~  
lated, 0.6 ml, 500 oocytes; stage 6 defollic 
oocytes; whole and stripped ovary, 0. 
homogenized in 3 voi of h o ~ g e ~ n ~  buffe 
prepared as described in the text, except the 
throughout the procedure. a-Amanitin con 
0.1 &mI; high, 250 &ml. DNA template preference was 
measured in the absence (-1 and prese 
at 250 #g/ml. Assays were adjusted to 
The ovary minus stage 5 and 6 oocytes is 
removing stage 5 and 6 oocytes (strippi 
ovarian tissue then consists of stage 1-4 oocytes and is en- 
riched relative to the whole ovary for connecthe tissues. 

On this basis, the results shown in Table 111 present evidence 
against the existence of A (I) form polymerase in oocytes. 
That is, the 10-20z of enzyme activity of stage S oocytes 
remaining in the presence of 250 pg/ml of a-amani 
definitely prefers native DNA template. We note also that 
the enzyme recovered from both folliculated and defolliculated 
stage 6 oocytes is quantitatively and qualitatively the same, 
indicating the negligible contribution of engme from follicle 
cells. The presence of “A (I)” in whole ovary is seen by the 
slightly decreased sensitivity to II amanitin and concomitant 
increase in single-stranded preference. This situation is more 
evident with a piece of ovary “stripped” of all large (stages 
5-6) oocytes, thus enriching the amount of connective tissue. 

INTRACELLULAR LOCALIZATION. Since this newly char- 
acterized ovarian polymerase seemed to exist specifically in 
the oocytes, we wanted to determine if the enzyme was found 
in the nucleus. The oocyte is a cell which lends itself very 
nicely to this kind of investigation, since the large oocyte 
nucleus (germinal vesicle) can be manually removed with very 
little or no cytoplasmic contamination. In the same procedure 
a nucleus-free cell can be obtained with no danger of nuclear 
leakage. 

The results of such experiments are shown in Table IV. 
The enzyme solubilized from germinal vesicles accounts for 
over 75% of the activity recovered, but the germinal vesicle 
residue (membranes chromatin) and the enucleated cytoplasm 
together contain less than 5 %  of the polymerase. A certin 
amount (1 1-23 %) of the enzyme leaks into the Barth medium 
used to store the germinal vesicles during isolation, a reasona- 
ble result considering the easy solubility of the enzyme as 
well as the possible breakage of germinal vesicles. It i s  RP- 
parent from these experiments that the RNA polymerase i s  
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~ ~ ~ a ~ n e d  with similar 
(Table IV) and intact 

he results we Rave obtained s at Xenopus 
d ~ ~ n d e n t  
enzyme is 

soluble and is ~ ~ ~ ~ ~ i ~ e ~ l  by m-amanitin when the drug is ~ x d  

from Xenopus liver polymerase A (I) by a-amanitin sensitivity 
ure 4) and template preferenc~ (Table 1, Figure 59, and 

(11) by these characteristics as well as cation and salt 
and DEAE chromatographc elution (Table I). 

Another form of RNA polymerase (I119 has been observed in 
sea urchin embryos (Roeder and Rutter, 1969, 19901, in 

s (Roeder et ai., 1970), and in Xenupw 
Ier, 1972). The described form 1x1 has a 
and elutes at high ionic strength (0.30- 

0.35 M ammonium sulfate) from DEAE-Sephadex. The 
relationship between the enzyme that we describe and form 
It€ is er, still unclear, since form III has been detected 
only EAE-Sephadex chromatography and never after 
DEA ose chroniatography (Sergeant and Krsmanovic, 
1973). Indeed, when the purified oocyte-soluble ~ l y ~ r a s e  is 
~ h r o m a t o ~ a ~ ~ e ~  on IIEAE-Seghadex (unpublished o 
tions) two broad peaks of activity can tle obtained, one eluting 
at very Bow ionic strength and the othcr at ~ p ~ r o x i ~ ~ ~ ~ y  0.3 
M. The $ ~ ~ ~ i ~ c ~ ~ ~ c ~  ofthe apparent fractionation of the oocyte- 



soluble p o l y m  
still in doubt since bot 
ties, ix., salt optimum ammonium sulfate), senllitivity 
at  high concentrations of a ~ ~ ~ t i n  (80% inhibitions at 
250 pglml), and preference for native over denatured DNA. 
Finally, the possibility of ~ t ~ h o n d  
by the completely different properties 
chondrial enzyme (Wu and Dzrwid, 1972) as well as by the 
nuclear Iscalization of the m y t e  polymerase. 

erase into the oocyte special enzyme during the extraction 
and purification procedure also seem rsnlikely. First, 
recovery of the enzyme was not affected by the extrac 
conditions (low or high salt) of ovaries or oocytes and no 
a p ~ a r a n c e  of an enzyme with properties similar to the oocyte- 
soluble form was ever observed when the same extraction 
conditions were used with liver nuclei. Second, e ~ z y ~ e  re- 
covery and properties were unchanged by extraction in the 
presence of proteolytic inhibitors (unpubS~s~d 
as observed in certain cases (Weaver el a!., 1971 ; 
Charnbn, 1972). Finally, the proprties of the enzyme do not 
change during any step of the purification procedure. 

This special RNA polymerase has been found only in 
ovarian tissue (Tables I and 11) and is localized in the nuclei 
(germinal vesicles) of the oocytes (Table IV). Stage 6 oocytes 
contain a b u t  10-1 5 X form I3 (In) polymerase but the soluble 
polymerase seems to be the predominant form present 
(Table 111). Although the presence of a form A (1) polymerase 
of the kind found in liver (i.e.? completely insensitive 60 a- 
amanitin and with a preference for denatured DNA) cannot be 
excluded by the criteria used here, it seems to represent less 
than 5 %  of the total RNA polymerase activity present in the 
oocyte. 

A low amount of forms A (I) and B (11) polymerase can 
detected in homogenates of total ovary and can be recovered 
in the chromatin pellet. Indeed, these two forms had k k . i  
previously solubilized from ovarian chromatin and separated 
on DEAE-cellulose (Tocchini-Valentini and Crippa, 1970). 
Since the polymerase eluting at low ionic strength, identified 
as form A (I), was at that time not assayed at high a-amanitin 
concentration, it is impossible to say how much of the enzyme 
eluting at low ionic strength was oocyte-soluble polymerase as 
described here. 

The soluble RNA polymerase activity present in the oocyte 
represents indeed a very conspicuous amount of enzyme; it 
should be stressed that the enzyme recovered from 100 
germinal vesicles of stage 6 oocytes has an activity comparable 
to that of 1 g of liver tissue, leading to the conclusion that the 
activity per nucleus must be at least 105 times greater in the 
oocyte than in the liver cell. Similar high levels of RNA 
polymerase activity have been found in Xenopws laeois oocytes 
(Roeder et ai., 1970; Roeder, 1972) and in Ram pipiens 
(Wasserman et a/.,  1972). After DEAE-Sephadex chromatog- 
raphy these investigators could identify three forms (I, 11, and 
111) of RNA polymerase present in approximately equal 
amounts. We are unable at this time to reconcile their findings 
observed after DEAE-Sephadex with the results obtained with 
our present extraction and purification procedures. This 
discrepancy is currently under investigation. 

Some important questions can now be raised about the 
biological functions of the high amount of this unique enzyme 
in oocyte nuclei. The storage hypothesis, Le., the presence of 
high levels of RNA polymerase in oocyte for use during early 
embryogenesis, formulated by Roeder et a/. (1970) and Was- 
Wrman et al. (1972) cannot be discussed in relation to our 

The possibility of conversion of form A (I) or 

assistance in several phases of this work. Vijak ~ a h ~ a v ~  has 
some sf the DNA used as ~ e ~ n p ~ ~ ~ ~  in these 
also would like to acknow~ed~e the generous 
iain by Professor Wielaad and of various 

materiais by ~~e~~ uetll, Mike Farretl, and CBemenb brdier. 

References 

Ellatti, S. P., Ingles, @. J., Lindell, 

P., Gissinger, F., Mandel, 
Gniazdowski, M., and Meihlac, M. (1970), Cold Spring 
Harbor Symp. Quam. Bioi. 35,693. 

Chesterton, C. J., and Butterworth, P. H. W. (ll971a), Eur. J .  
Biochem. 19,232. 

Chesterton, C .  J., and Butterworth, P. €4. W. r[1971b), FEBS 
(Fed. Eur. Biochern. Soc.) Leu. 13,275. 

Chesterton, C. J., and Butterworth, P. H. W. (1971~1, FEBS 
(Fed. Ewr. Biochem. Soc.) L ett. 15,18 1. 

Davidson, E. H., Allfrey, V. G., and Mirsky, A. E. (IW), 
Proc. Nut. Acad. S i .  U. S. 52,501. 

Di Mauro, E., Hollenkrger, C. P., and Hall, B. D. (19721, 
Proc. Nap. Acad. Sei. Us S. 69,2818. 

C. E, (1972), FEBS 

Ew. J. Biochem. 

udet, E'., and Chamhn, P. (19731, 

Embrytrl. Exp. Morphol. 20,4Q1. 
J., and Chamberlin, M. 9. (f972), 

Eur. J .  Bioclreni. 36,34. 

BIOCHEMISTRY, VOL. 13, NO. 6, 1974 1 



Jacob, S. T. E. M., Muccke, W., and Mu 
9709, co ~ ~ b o p ~ ~ ~ p ~  Qwr. Bioi. 
inger, C., and Chambon, P. (1972), E ~ P .  J. 

283. 
Kedinger, C., ~ ~ n ~ r ~  

and Chambon, P. (19?2), 
Kedinger, C., ~ ~ a ~ 0 ~ s ~  

and Chambon, P. (1970). 
38,165. 

, 0. H., Rosebrough, N. J., Farr, A. L, and ~ a n ~ a l l ~  

Ponta, H., Ponta, U., and Winters~rger~  E. (19921, 

N. J., Brentice-Mall, p 163. 

t 

Murray S. Cohn and Allen T. ~ h ~ ~ p s * , ~  

ABSTRACT: L-Threonine dehydratase [EC 4.2.1.161 has beem 
purified to, electrophoretic and ultracentrifugal h o ~ o ~ e ~ e i ~ y  
from Pseudomonas putida in 9% yield. Although the enzyme 
is inhibited by several common carbonyl-attacking reagents, 
an exhaustive search for pyridoxal phosphate failed to demon- 
strate the presence of significant amounts of this coenzyme. 
The Pseudomonas enzyme also differs from threonine de- 
hydratases isolated from other sources in that it possesses a 
much lower specific activity towsrd threonine and exhibits a 
more acid pH optimum. It i s ,  however, able to utilize L- 
serine as an alternate substrate, is strongly inhibited by Liso- 

he dehydration and subsequent deamination of threo- 
nine to a-ketobutyrate by threonine dehydratase [L-threonine 
hydrolyase (deaminating), EC 4.2.1 .la] has long been recog- 
nized to require the participation of pyridoxal 5 '-phosphate as 
coenzyme. This requirement has been deemed absolute regard- 
less of whether the enzyme is functioning in the biosynthesis 
of isoleucine or in threonine catabolism. In all instances 
where purified threonine dehydratases have been examined, 
an absorption maximum in the range of 404-41 5 nm has been 
observed, indicative of an aldimine linkage between pyridoxal- 
P and the r-amino group of a lysine residue (Umbarger, 1973). 

As part of a study concerned with the. biosynthesis of the 
a-ketobutyrate prosthetic group of urocanase in Pseudomonas 
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active site. This conclusion rests on the identification of 
tritiated ~ ~ a n ~ n ~  from ~ ~ d r o 9 y s a ~ e s  of 
been ~ ~ a ~ ~ ~ ~ ~ ~ e d  by reduction with Na 
obtain a s ~ ~ ~ ~ ~ ~ ~ t o r ~ r  yield of [*Wlalanine, however, requires 
that the ~ ~ § ~ ~ ~ i l i t y  of an alternate coenzyme form noi be 
dismissed. 

purida, it besarne necessary to characterize this o r ~ n i s ~ ' ~  
threonine dehydratase in order to determine if its properties 
were consistent with an involvement in the formation of the 
a - ~ e ~ o ~ u t y ~ a ~ e  coemyme. The results presented here concern 
only the more general propertlies exhibited by this enzyme; a 
later report will present findings having to do with the ques- 
tion of uroeaciase biosynthesis. The Pseudomonas puiida 
threonine dehydratase has been found to contain no pyridoxal- 
P, although it shares ip number of other properties characteris- 
tic of most threonine dehydratases. Presumably as a direct 
result of this lack of pyridoxal-P, the enzyme possesses a 
rather low catalytic activity. Catalysis appears to be mediate 
through the participation of a different coenzyme which has 
been tentatively suggested to be a dehydroalanine residue. 


