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ABSTRACT
The gene, rpbl, encoding the largest subunit of RNA
polymerase 11 has been cloned from Schizo-
saccharomyces pombe using the corresponding gene,
RPB1, of Saccharomyces cerevisiae as a cross-
hybridization probe. We have determined the complete
sequence of this gene, and parts of PCR-amplified rpbl
cDNA. The predicted coding sequence, interrupted by
six introns, encodes a polypeptide of 1,752 amino acid
residues in length with a molecular weight of 194
kilodaltons. This polypeptide contains eight conserved
structural domains characteristic of the largest subunit
of RNA polymerases from other eukaryotes and, in
addition, 29 repetitions of the C-terminal heptapeptide
found in all the eukaryotic RNA polymerase 11 largest
subunits so far examined.

INTRODUCTION
The DNA-directed RNA polymerase is the basic machinery of
transcription apparatus. Modulation of its activity and specificity
plays a major role in global control of transcription (for example
see refs. 1-9). Clarification of the architecture and functions
of RNA polymerase is, therefore, essential to understand the
molecular mechanisms of transcriptional regulation. The best
characterized RNA polymerase is Escherichia coli enzyme, which
consists of three core subunits (et, 3 and ,B') and one of several
a subunits. The catalytic site is located on ,3, while j' has non-
specific binding activity to DNA; a links these two large subunits
into core enzyme structure (reviewed in refs. 10,11). Subunit
a plays a major role in promoter recognition (2).

In eukaryotes, three classes of nuclear RNA polymerases, I,
II and III (or pol l, pol II and pol III, respectively), exist, which
differ in the specificity of template recognition (for reviews see
refs. 4,5). Furthermore, each class of RNA polymerases is
composed of about 10 different subunits (the minimum essential
subunits have not been identified for anyone of three RNA
polymerases) (4,5). This complexity in RNA polymerase
structure has hampered to define the role of each subunit in
transcription. However, recent progress in the cloning of genes
encoding eukaryotic RNA polymerase subunits has provided the
experimental base for detailed characterization of each subunit.
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The largest and the second largest subunits of the three classes
of RNA polymerases have thus been found to share notable
homologies with the (' and (3 subunits, respectively, of E. coli
RNA polymerase (12-28). As to smaller subunits, the genes
for all the components of purified pol II have been cloned from
the budding yeast Saccharomyces cerevisiae (29-32,55). In
addition, S. cerevisiae mutants have been isolated, each carrying
a mutation(s) in one of the pol II subunit genes (for a review
see ref. 32).
The fission yeast, Schizosaccharomyces pombe, is as easy and

useful in genetic analysis as S. cerevisiae, but its strategies for
gene expression such as transcription initiation mechanisms (33)
and splicing patterns (34,35) are similar to those in higher
eukaryotes. Taking these points into consideration, we have
started studying the molecular anatomy of S. pombe RNA
polymerase II. In this report, we describe cloning of the gene
for the largest subunit of S. pombe pol II (rpbl ), and
determination of both the complete sequence of the cloned gene
and parts of PCR-amplified cDNA. The gene organization and
the protein structure of the S. pombe pol II largest subunit are
discussed in comparison with those of other organisms.

MATERIALS AND METHODS
S. pombe strain and plasmid
A wild-type strain 972h- of S. pombe provided by Dr. M.
Yamamoto (Univ. Tokyo) was used throughout this study.
Plasmid pRP19 containing the entire S. cerevisiae RPBI gene
(36) was a gift from Dr. R.A.Young (MIT).

Gene cloning
Isolation of DNA from S. pombe and Southern analysis were
carried out as described previously (18). A X EMBL3 phage
library carrying 8.5-20 kbp (kilo base-pairs) inserts was
constructed from partial Sau3AI digests of S. pombe DNA
according to Kaiser and Murray (37). Clones carrying the gene
for pol II largest subunit were isolated by plaque hybridization
by the method of Anderson and Young (38). Starting from X
clones, genomic DNA fragments were subcloned into M13
phages or pUC plasmids.
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DNA sequencing
Sequencing of M13 or pUC clones was performed by the dideoxy
chain termination method (39). For sequencing PCR products,
the direct sequencing method of Carothers et al. (40) was
employed.

RNA analysis
Poly(A)+ RNA was prepared by the standard procedure (41).
Northern analysis was performed after denaturation of poly(A)+
RNA by glyoxal and dimetyl sulfoxide (41). For primer extention
analysis of poly(A)+ RNA, primers were designed based on the
sequence of genomic DNA, end-labeled at 5' termini with
[Ly-32P]ATP, and elongated using reverse transcriptase (42). To
determine splice junctions, cDNA covering the test regions were
synthesized and used as templates for PCR amplification and the
PCR products were sequenced directly (40).

RESULTS AND DISCUSSION
Cloning of the gene
For cloning the S. pombe gene for the largest subunit of pol II,
we used a S. cerevisiae DNA fragment containing the entire RPBJ

Fig. 1. Southern bybridization of S. pombe genomic DNA using S. cerevisiae
RPBI probe. Five 4g of total S. pombe DNA were digested with various restriction
enzymes, and subjected to Southern analysis under low stringency hybridization
conditions. Restriction enzymes used are: EcoRI (lane 1); EcoRIIHindIII (lane
2); HindLI (lane 3); HindllIIPstI (lane 4); and PstI (lane 5).
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Fig. 2. Structure of the rpbl gene. (A) Restriction map of the rpbl gene. Filled and open boxes represent exons and non-coding sequences including six introns,
respectively. Restriction enzyme sites mapped are: H, HindIII; P, PstI; S, Sacl; E, EcoRI; B, BamHI. (B) PCR amplified cDNA sequence. Gaps connected with
thin lines represent genomic DNA sequences which are not present in cDNA. Positions and directions of primers used for PCR and DNA sequencing are shown
by triangles below the PCR products. (C) Sequencing strategy of the PCR products. Thick lines represent stretches sequenced, and arrows under the lines represent
primers used for the direct sequencing. The sequence with an asteric was determined after cloning into mpl9 and using a M13 phage universal primer. Thin lines
represent gaps which are not present in cDNA.
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-910 AAGCTTCTAGAGCCACTCCTGACATTAAAGAACAGCATGCTAAGAAACCGAAGCGAAAGCACACCCGTTC
-840 AACAGTACCTACAAGCAATGTTGAACCAGTTTCTCAACCTCAACCCTCTCCTGAC.4AAATCGTTTCTAGCCCCAATCCGCCAT'CAGCGAAAAGGGAAAAAAAGAAACGTCGCAAAAGCTC
-720 GATGTCTTCTTCCATTACCACTCCCCCTACCGCCAAAGTTGCTAATTGAGTTTGCTTGATAATTTCATTAATTGTGTATTTCCTTGTTCCGAACATTAAAGTTATAGGAAATGATTAATT
-600 AGCAACAAGTGTTTGCTTGTATTGCTGATTTGAGTGTCTCTCTATTATTACTCAGGTTGCTAATGTCTGTAAATATTGCTTGTTAAAAATACTGGTTGTTATATAATACATAATAATCGT
-480 TTTTGGTCACAGCAGTTGTATATAAACGTTTAACGGCAGGCACATAATATCTATATTGGTTGAAATCTATTATAGCCTTAGAATAAATAATTAGCTAACAGGTAATTTTTGTTTAAGTTT
-360 ACATTCTTCCAATGATCTTTCTGCTGTATACAGGAATAAATTTATCTTCGCCATAAAAAGTATCTTAATGATTTTGAGAACTTTTAATTTATTGTTATGATTTCCATTAAAAAATTTTGG

-240 AGTACTATAGAATGGTGATTGTTGTATGCACATGTTTCAAATAATGGTTAACTTTCATTATTATTAGATATTTATAAATCTTGTTTATCACAGGGTGGCTAGTACACTAATAAAAACCTA

-120 TACTGACTTTTCTGCACCGTGTAACGTAACTCGTTATGGTCATGATTACCGTGAAGTAGTCCTCTTGTGTTAAATTTTCGCCGACACCACCTACGACTTAATCTTTGCAACTCAffiTAGA
-72

1 ATGAGCGGGATT-CAGGTATGTTGAACGTATTACCATTACTAATACATAGTTTTCACCTTCTTCTGTCCCCTTACGGTATGTTCTATAAGTAGTACCGTTACTAACAGTATTAGCCGG
1

M
S G I -Q F - F S P S S V P L R F --------- R
-3
121 GTGGAGGAGGTTCAATTTGGAATCTTGTCCCCGGAGGAAATTCGTTCAATGAGCGTTGCGAAGATTGAGGTAAGTGTTTGTTTTGTTCTTATCACTTATCGTTTTTAG mTCCTGAGACC
16 V E E V Q F G I L S P E E I R S M S V A K I E F - F P E T

241 ATGGATGAAAGTGGACAAC-GCCCCCGTGTrGGTGGGCTCCTGGACCCTCGATTGGGGACTATTGGTATGAAATTCAGAAAAAGATTAGTATTCTCACACATTTTGTAAGATCGACAATTC
43 M D E S G Q k-P R V G G L L D P R L G T I DF - - - - - - - - - - R Q F

X4
361 AAGTGTCCGGTAAACTAT G q ,CGATTGTCCTGGTCATTTTGGTATGTGTTACAACTGTTTGGTTTGTTATAAAAACACC; rr ITI CAGCAACCTTCTAAACTCAATAAA
68 K C Q T C G E T M A D C P G H F GF - - - - - - - - - - - - - - - - -

#5 #6
481 AAGATAGCTAACACCTTTCAGGTCATATTGAACTTGCAAAGCCAG mT'uiCCACATCGGTTTCCTAAGCAAAM TAAAAAAAATATTAGAATGCGTTTGTTGGAATTGCGGCAAACTTAAGA
85 I H I E L A K P V F H I G F L S K I K K I L E C V C W N C G K L K I

601 TTGATTCTGTAAGTCAACTGTTGAGCTTATCCATTGTGTTACTAACATTATAAAGTCAAATCCAAAATTTAATGACACACAACGTTATCGTGATCCCAAAAATCGATTAAATGCAGTTTG
118 D S F - S N P K F N D T Q R Y R D P K N R L N A V W

#7
721 GAATGTCTGCAAGACAAAAATGGTTTGCGATACTGGCTTATCTGCAGGCTCAGATAATTT GCTATATCTCCCAATATGGGACACGGTGGTTGTGGGGCTGCCCAACCTAC
142 N V C K T K M V C D T G L S A G S D N F D L S N P S A N M G H G G C G A A Q P T

#8
841 AATACGTAAAGATGGCCTGAGATTATGGGGTTCTTGGAAACGCGGTAAAGATGAATCAGATTTACCAGAAAAACGCCTTCTGTCGCCGTTGGAGGTGCACACAATATTCACACATATTTC
182 I R K D G L R L W G S W K R G K D E S D L P E K R L L S P L E V H T I F T H I S

961 TTCAGAAGATTTAGCTCACTTAGGTCTTAATGAGCAGTATGCTAGACCTGACTGGATGATTATTACAGTCTTACCTGTTCCTCCTCCGAGTGTCCGTCCTAGTATTTCGGTGGATGGAAC
222 S E D L A H L G L N E Q Y A R P D W M I I T V L P V P P P S V R P S I S V D G T

1081 CAGTCGTGGCGAAGATGATTAACGCACAAACTTTCCGATATCATAAGCAAATGCCAACGTTCGACGGTGTGAACAAGAAGGAGCTCCTGCGCATATTGTCTCTGAATATGAACAGTT
262 S R G E D D L T H K L S D I I K A N A N V R R C E Q E G A P A H I V S E Y E Q L

1201 ACTTCAGTTCCATGTTGCCACGTATATGGACAATGAATAGCGGGACAGCCTCAGGC'ITi"ACAAATCTGGCAGACCTCTTAAGTAT#CCGTGCACGGCTCAAGGGAAAAGAGGGTCG
302 L Q F H V A T Y M D N E I A G Q P Q A L Q K S G R P L K S I R A R L K G K E G R

1321 ATTACGTGGCAACCTGATGGGTAAACGGGTTGATTTTTCAGCTCGTACTGTGATTACCGGTGATCCAAATTTGTCGTTAGATGAACTCGGTGTTCCACGTAGTATTGCTAAGACACTTAC
342 L R G N L M G K R V D F S A R T V I T G D P N L S L D E L G V P R S I A K T L T

1441 TTATCCTGAAACTGTTACACCTTATAATATTTATCAATTGCAAGAATTAGTACGAAATGGTCCTGATGAGCATCCCGGTGCTAAATATATCATTCGTGATACAGGAGAGCGTATTGACTT
382 Y P E T V T P Y N I Y Q L Q E L V R N G P D E H P G A K Y I I R D T G E R I D L

1561 GCGTTATCATAAACGTGCTGGTGATATTCCTCTTAGGTACGGTTGGCGAGTTGAGCGGCATATTCGTGATGGCGATGTCGTTATTTTTAACAGACAGCCATCCCTTCACAAAATGAGTAT
422 R Y H K R A G D I P L R Y 1G W R V E R H I R D G D V V I F N R Q P S L H K M S M

1681 GATGGGTCATAGGATTCGCGTAATGCCGTACTCGACATTCCGATTAAACTTGTCAGTTACGTCTCCTTATAATGCTGACTTTGATGGTGATGAAATGAATATGCATGTCCCTCAGTCAGA
462 M G H R I R V M P Y S T F R L N L S V T S P Y N A D F D G D E M N M H V P Q S E

1801 AGAAACTCGTGCAGAAATTCAGGAAATTACTATGGTACCTAAGCAGATTGTTCTCCTCAATCAAACAAGCCTGTCATGGGTATTGTTCAAGATACTTTAGCAGGTGTTCGTAAGTTTTC
502 E T R A E I Q E I T M V P K Q I V S P Q S N K P V M G I V Q D T L A G V R K F S

1921 GTTACGTGATAACTTTTTGACTCGCAACGCTGTAATGAATATTATGTTATGGGTACCAGACTGGGATGGAATACTCCCACCACCCGTCATTCTTAAACCAAAGGTTTTATGGACAGGAAA
542 L R D N F L T R N A V M N I M L W V P D W D G I L P P P V I L K P K V L W T G K

204 1 GCAAATTTGAGCTTGATTATACCCAAGGGAATTAACTTAATTAGAGACGACGATAAGCAAAGTCTTCAAATCCCACCGACTCAGGAATGTTGATTGAAAATGGTGAAATTATATACGG
582 Q I L S L I I P K G I N L I R D D D K Q S L S N P T D S G M L I E N G E I I Y G

2161 CGTGGTTGACAAGAAGACTGTTGGTGCTTCTCAAGGTGGTTAGTTCATACTATCTGGAAAGAGAAAGGTCCTGAGATTGTAAAGGTTTCTTCAATGGTATTCAACGAGTTGTAAACTA
622 V V D K K T V G A S Q G G L V H T I W K E K G P E I C K G F F N G I Q R V V N Y

2281 TTGGCTTTTACATAACGGTTTAGCATTGGTATAGGAGATACTATTGCCGATGCGGACACAATGAAGAGGTTACTAGAACTGTTAAGGAAGCCCGTCGTCAAGTCGCAGAATGTATTCA
662 W L L H N G F S I G I G D T I A D A D T M K E V T R T V K E A R R Q V A E C I Q

2401 GGATGCTCAGCACAATCGCTwTAAAGCCTGAGCCAGGAATGACCCTTCGAGAATCTTTTGAAGCTAAGGTATCAAGGATTCTCAATCkAGCGAGAGACAACGCTGGTAGGTCAGCTGAGCA
702 D A Q H N R L K P E P G M T L R E S F E A K V S R I L N Q A R D N A G R S A E H

2521 TAGCTTGAAGGATTCTAACATGTCAAACAAATGGTTGCTGCTGGTTCAAAAGGTTCATTTATTAATATCTCTCAAATGTCTGCTTGCGTCGGTCAGCAAATCGTTGAAGGCAAACGTAT
742 S L K D S N N V K Q M V A A G S K G S F I N I S Q M S A C V G Q Q I V E G K R I

2641 TCCTTTTGGATTTAAATATCGTACATTACCACATTTTCCTAAGACGACGACTCTCCAGAATCTCGTGGATTTATTGAAAATTCATACTTAAGGGG ACTCCTCAAGAGTTCTTTTT
782 P F G F K Y R T L P H F P K D D D S P E S R G F I E N S Y L R G L T P Q E F F F

2761 CCACGCATGGCTGGACGTGAGGGTGATTGATACTGCGGTCAAAACTGCTGAAACTGGATACATCCAAAGGCGTCTTGTTAAGGCTATGGAGGATGTAATGGTTCGCTATGACGGTAC
822 H A M A G R E G L I D T A V K T A E T G Y r' Q R R L V K A M E D V M V R Y D G T
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2881 TGTGCGCAATGCCATGGGTGACATTATACAATTTGCCTATGGTGMGATGGCCTGGATGCCACATTAGTAGAGTACCAGGTTTTTGACTCATTAAGGTTATCCACTAAGCAATTTGAAAA
862 V R N A M G D I I Q F A Y G E D G L D A T L V E Y Q V F D S L R L S T K Q F E K

3001 GAAGTATCGAATTGATTTAATGGAGGATAGGAGTTTATCATTGTATATGGAGAACTCTATTGAGAACGATTCTTCAGTACAAGACTTATTAGATGAGGAGTATACACAGCTGGTTGCTGA
902 K Y R I D L M E D R S L S L Y M E N S I E N D S S V Q D L L D E E Y T Q L V A D

3121 TCGTGAGTTACTATGCAAATTTATTTTCCCCAAGGTGATGCTAGATGGCCTTTACCTGTCAATGTACAAAGAATCATCCAAAATGCTTTACAATATTCCATTTAGAAGCTAAAAAACC
942 R E L L C K F I F P K G D A R W P L P V N V Q R I I Q N A L Q I F H L E A K K P

3241 CACCGATCTTTTACCGAGTGATATTATTMCGGGTTAAATGAACTAATTGCAAAATTAACAATTTTCCGCGGAAGTGACCGTATTACTCGTGATGTTCMMCAACGCTACCTTGTTATT
982 T D L L P S D I I N G L N E L I A K L T I F R G S D R I T R D V Q N N A T L L F

3361 CCAGATTTTATTAAGGTCCAAATTTGCTGTAAMCGGGTAATAATGGMTACCGACTTMCAAAGTCGCATTTGMTGGATTATGGGTGAAGTGGAAGCTCGTTTCCAACAAGCTGTCGT
1022 Q I L L R S K F A V K R V I M E Y R L N K V A F E W I M G E V E A R I Q Q A V V

3481 AAGTCCTGGAGAAATGGTGGGTACTCTGGCTGCACAATCTATTGGAGMCCAGCMCTCAAATGACACTCAATACATTCCATTACGCTGGTGTTTCTTCTAAGAACGTTACCTTGGGTGT
1062 S P G E M V G T L A A Q S I G E P A T Q M T L N T F H Y A G V S S K N V T L G V

3601 TCCTCGTTTGAMGMATTTTGAATGTCGCTAMAATATTMGACCCCTTCTTTAACTATTTATCTTATGCCCTGGATAGCAGCTMTATGGATCTTGCTAAGAACGTTCAAACCCAAAT
1102 P R L K E I L N V A K N I K T P S L T I Y L M P W I A A N M D L A K N V Q T Q I

3721 CGAACATACAACTTTGAGCACTGTTACCTCTGCAACCGAAATTCATTACGACCCAGATCCTCAGACACAGTGATTGAAGAAGATAAGGATTTTGTTGAGCTTTCTTTGCTATTCCTGA
1142 E H T T L S T V T S A T E I If Y D P D P Q D T V I E E D K D F V E A F F A I P D

3841 TGMGAAGTTGAAGAGAACTTGTATAAGCAGTCTCCTTGGTTGCTTCGTCTTGMCTTGACCGTGCTAAGATGTTAGATAAGAAGTTGAGTATGAGTGATGTTGCTGGTAAAATTGCTGA
1182 E E V E E N L Y K Q S P W L L R L E L D R A K M L D K K L S M S D V A G K I A E

3961 AAGCTTTGAACGTGATCTTTTTACTATTTGGTCTGAGGATAATGCAGACAAGCTTATCATTCGTTGTCGTATCATTCGCGATGATGACCGTAAGGCAGAAGATGACGATAATATGATTGA
1222 S F E R D L F T I W S E D N A D K L I I R C R I I R D D D R K A E D D D N M I E

4081 AGAGGATGTTTTTTTGAAAACTATTGAGGTCATATGCTTGAGAGTATTAGTCTTCGTGGTGTGCCGAACATTACTCGTGTTTATATGATGGAGCACAAGATTGTGCGGCAAATTGAAGA
1262 E D V F L K T I E G H M L E S I S L R G V P N I T R V Y M M E H K I V R Q I E D

4201 TGGTACTTTTGAACGTGCTGATGAATGGGTTTTGGAAACAGACGGCATAAATCTTACTGAAGCAATGACTGTAGAGGGTGTAGATGCCACCAGAACTTACTCCAATTCTTTCG7'GGAAAT
1302 G T F E R A D E W V L E T D G I N L T E A M T V E G V D A T R T Y S N S F V E I

4321 TTTGCAAATTCTTGGTATTGAAGCTACGAGATCTGCTTTACTTAAAGAATTAAGAAATGTTATCGAATTCGATGGTT__ACGTTAATTATCGCCATCTGGCCCTTCTTTGCGATGTTAT
1342 L Q I L G I E A T R S A L L K E L R N V I E F D G S Y V N Y R H L A L L C D V M

#9
4441 GACATCTAGGGGCCATTTAATGGCTATTACCCGTCATGGCATTAACAGAGCTGAAACCGGTGCTCTAATGAGGTGCTCTTTTGAAGAAACTGTAGAAATCCTTATGGATGCTGCTGCGAG
1382 T S R G H L M A I T R H G I N R A E T G A L M R C S F E E T V E I L M D A A A S

4561 TGGAGAI;GGATGATTGCAAGGGATATCTGAAAACATAATGCTAGGACAATTAGCCCCAATGGGAACTGGCGCATTTGATATTTACCTTGATCAAGATATGTTGATGAATTACAGTCT
1422 G E K D D C K G I S E N I M L G Q L A P M G T G A F D I Y L D Q D M L M N Y S l.

#10
4681 TGGTACCGCCGTCCCTACGCTCGCTGGGTCAGGAATGGGTACTTCCCAATTACCAGAAGGAG(CGGTACGCCATATGAACGCTCACCAATGGTTGATTCTGGATTTGTTGGATCTCCTGA
1462 G T V P T L A G S G M G T S Q L P E G A T P Y E R S P M V D S G F V G S P D

#11
4801 CGCCGCAGCATTTTCCCCTCTAGTACAAGGTGGATCCGAAGGTCGTGAAGGGTTTGGCGATTATGGATTGTTGGGGGCTGCTAGTCCTTATAAAGGGGTACAATCCCCTGGTTATACTAG
1502 A A A F S P L V Q G G S E G R E G F G D Y G L L G A A S P Y K G V Q S P G Y T S

4921 TCCATTTTCGTCTGCTATGAGTCCTGGGTATGGACTTACTTCACCAAGCTATAGTCCATCATCTCCGGGATATTCCACGTCACCTGCTTATATGCCATCGAGTCCTTCC1'A
1542 P F S S A M S P G Y G L T S P S Y S P S S P G Y S T S P A Y M P S S P S Y S P T

#12
5041 TAGTCCTTCTTATTCCCCTACTAGTCCTTCTTATTCCCCTACTAGTCCTTCCTATTCTCCAACAAGTCCTTCATACTCAGCGACAAGTCCATCCTACTCTCCAACTAGTCCCTCCTATTC
1582 S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S A T S P S Y S P T S P S Y S

5161 TCCTACTAGTCCTTCTTATTCGCCTACAAGCCCATCATATTCTCCTACTAGTCCCTCTTATTCACCGACTAGTCCTTCTTATTCTCCCACAAGCCCATCATATTCTCCTACTAG1'CCCTC
1622 P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S

5281 TTATTCACCGACTAGTCCTTCTTATTCTCCCACAAGTCCTTCTTATTCTCCTACGAGCCCATCGTATTCGCCTACTAGTCCTTCCTATTCTCCTACGAGCCCGTCGTATTCACCGACTAG
1662 Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S

5401 TCCCTCTTATTCACCGACTAGTCCTTCTTACTCTCCAACTAGTCCCTCTTATTCCCCTACTAGTCCCTCTTATTCTCCTACTAGTCCTTCATATTCTCCTACGAGCCCTTCTTACTCTCC
1702 P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P T S P S Y S P

5521 CACGAGTCCCTCGTATTCCCCTACTAGCCCATCTTAGCTAGTTGTGTGMGATGACAATGCTTTTGGTTACGATCGAATGAGTCATATMCTTGTAGTTTATTGTTAACTATTCAATATA
1742 T S P S Y S P T S P S

5641 TAAAATTTTGCACTATTTTM"ATGTTTTCTATATAGAATGAATGTGTTGTGGTTGCCGTTTAGCTTTGGTAGTTTGGTTTGTGCGTTTTGGTTGTCTATTCAATAAAAACAATTTGACATA
5761 GCTTTATTTAATAGTATAGTTGATAGAAAGGTTTATGCGCAGCACTCTGTTTGATTGCCTTCATTCTTGTAATCCCTATTTAAAATTAAGGACAAATCGGCGACTTGTTCAAATAAAACA
5881 TCTTAATCTCTTATTTTTATAATTCTAACAAAGAATCACTAAATTCAATATATTGATTGATTCTAT1'TTTTCAGAGAAATGAACATATATTCTTTTACGTTTAGTAGTAATTGAGATTAT
6001 TTGCGTTGTGCTACCAATCTTTTAGTTCATATAAAATTAAAAAAACTGGAAGTCAATCTATCCAATAGTAGCATTTGTCTCATAAAAATAAAAATAATCTGAAAGATATCTTTAAGTATT
6121 TTATGCTTATTTGTGATTCCAAACACATGCCTACTTTCAATTGCTGCAG

Fig. 3. Nucleotide and predicted amino acid sequence of the rpbl gene. The coding sequence of the pol IIlargest subunit starts at nt postion 1 and ends at nt postion5,552. This sequence is interrupted near N-terminal proximal region by six introns, indicated by dashed lines between the aa sequences. The 5' and 3' ends ofthe transcript are indicated by double underlines and double overlines, respectively. The positions, directions and names of the primers are indicated by arrowheads.Site for polyadenylation is underlined.
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sequence for intron-exon junctions was found at both 5' and 3' (5')GCGGCCGCGAATTC(T)17(3'), which is capable of
boundaries of each interrupting sequence (Fig. 5), we analyzed hybridizing to mRNA poly(A) tail, and amplified a portion of
mRNA sequence of the corresponding regions. the cDNA (nucleotide position 14 to 779 in the corresponding
For analysis of the nmRNA sequence, we synthesized cDNA genomic DNA sequence) by PCR using primers #3 and #8 (see

using a synthetic primer a with the sequence of Figs. 2 and 3 for positions and sequences of primers used in this

S.P. M----S-GIQFSPSSVPLRRVEVFGILSPEEIRSKSVAK--IEFPETKDES RPOGGLLDPRLGTI 63 S.p. GRSAEHSLSKDSN MAGKGSF NSQMS CVV IVEGKRIPFGFKTRTLPHFPKDDDSPESRGF 805
A.t. X --VGQQYS--SAPLRVE FGILSPEDIRQSVAH--lYEHETEKGDKPRKIGGLNDPRLGSI 60 A.t. GRSQKLAEVNNLKAVNAGKGSFINLSMACV SVEGKRIPFGFVDRTLPHFSKDDYSPESRGF 813
S.c. M----DRFF- -PAVS FGILSPDEIRQKSVIH--1RSETMET AKPKGGLSDTRLGTI 61 S.c. GSSAQVSLAELNNVKMMGKGSFISIQMSAC NVEGKIPFGFDGRTLPHFTKDDYGPESRGF 819
C.e. M----ALVGVDF--QAPLRIVSRV FGILGPEE1KMSVAH--VEFPEVTENG--KPKLGGLMDPRQGVI 60 C.e. GSSAQKSLSEFNNFKSKVVSGSKGSKINISQVIACVQNVEKRIPFGFRHRTLPHFIKDDYGPESKGF 812
MuA. NMHGPPSG-DS--ACPLRTIKRV FGVLSPDELKRMVTEGGIKYPErEGG--RPKLGGLKDPR GVI 65 Amu. GSSAQKSLSEYNNFKSMVVSGAKGSKINISQVIAV KV EGKRIPFGFKHRTLPHFIKDDYGPESRGF 822D:,. KM----STPT-DS--KAPLRVR FGILSPDEIRRKSVTEGGVQFAETMEGG--RPKLGGLKDPRQGVI 61 D.m. GGSAKSLTEYNNLKAKVVSGSKGSNINISQYIAC NYGKRIPYGFRKRTLPHFIKDDYGPESRGF 814

S.p. DQFKKCQTCGETMADCPGHFGHIELAKPVFHIGFLSKIKKILECVCINCGKLKIDSSNP--KFNDTQRYR 131 S.p. IENSThRGLTPQEFFFHAKAGREGLIDTAVKTAETGYIQRRLVKAMEVMVRYDGTVRNAMGDIIQFAYG 875
S.c. DRLCQTCQEGKNECPGHFGHIDLAKVFHVGFIAKIKKVCECVCMHiCGKLLLDEHINE--LKRQALAIK 129 S.C. VENSYLRGLTPQEFFFHAMGREGLIDTAVKTAETGYIQRRLVIALEDILMVYNTTRNSLGNVIQFIYG 869
A.t. DRKVKCETC MAMECPGHFGTLELAKPMYGFMIKTLIRCVCFNCSKILADE-VCRSLFRQAKKIK 129 A.t. VENSYLRGLTPQEFFFHANGGREGLIDTAVITSETGYIQRRLVKAMDIMVKYDGTVRNSLGDVIQFLYG 883
C.e. DRRGRCKTCAGNLTDCPGHFGHLELAKVFIGFLTKTLKILRCVCFYCGRLLIDKSAPRVLEIL[KTT 130 C.e. VENSYLAGLTPSEFFFHMGGREGLIDTAVKTAETGYIQRRLIKAMSVMNDTRSLAQMVQLRYG 882
M.m. ERTGRCQTCAGNMTECPGHFGHIELAIPVFHVGFLVKTMKVLRCVCFFCSKLLVDSNNPKIKDILAKSKG 135 Amu. VENSYLAGLTPTEFFFHAMGGREGLIDTAVKTAETGYIQRRLIKSMESVMVKYDATVRNSINQVVQLRYG 892
D.,. DRTSRCQTCAGMMECPGHFGHIDLAKPVFHIGFITKTIKILRCVCFYCSIM(LVSPHMPKIKEIVMKSRG 131 Di. VENSYLAGLTPSEFYFHMGGREGLIDTAVKTAETGTIQRRLIKAMSVMVNYDGTYRNSVGQLIQLRYG 884

S.p. DPKNRLNAVYNCKTMVCDTGLSAGSDNFDLSNPS----AKMGHGGCGMQPTIRKDGLRLVGSIK 194 S.p. EDGLDAThVEYQVFDSLRLSTKQFEKKYRIDLME-DRSLSLYM--------ENSIENDSSVQDLL 931
S.c. DSKKRFMAIWTLCKTKMVCE1DVPSEDD----PT-----LVSRGGCGNTQPTIRKDGLKLVGSIK 186 S.C. EIXMDAAHIEKQSLDTIGGSDMFEKRTRVDLLNTDHTLDPSLL------ESGSEILGDLKLQVLL 929
A.t. NPKNRLKKILDACKMKTKCDGGDDIDDVQSHSTDEP----VRKSA PKLTIEGMKMKIAEK 192 A.t. EDGMDAVVIESKLDSLKMKKSEFDRTFKTEIDDE"NVnPTSD------EHLEDLKGIRELRDVF 943
C.e. NSKKRLTMIYDLCKAKSCEGAAEKEEGMPDDPDDPMJD----GKKVAGGCGRYPYRVIDINAEWK 196 C.e. EDGLDGMWVE NKMPFINNAVFERDFRVSVAQNAIKLMLTDNKFLRK(YSEDVVREIQESEDGISLV 952
M.m. QPKKRLTHVYDLCKGKNICEGGEEMDNKFGVEQPEG--DEDLTKEKGHGCR YQPRIRRSGLELYAEIK 203 M.m. EDG;LAGESVEFQLATLKPSNKAFEKKFRFDYNERALRR ----Q--DLVKDVLSNAHIQNEL 952
D... QPRKRLAYYYDLCKGKTICEGGEDKDLTKENPD-N----KKPGHGGCG PSIRRTGLDLTAE!K 195 D... EDGLCGELVEFQNMPTKLNKSFEKRFKFDWSKERLMKFD------DVIKEM(TDSSEAIQEL 944

S.p. --RGKDESDL-----PEKRLLSPLEVHTIFTHISSED LNE YAP IITVLPVPPPSVRP 254 S.p. DEMYQLVADR-ELLCKFIFPKGDARVPLPVNVQRIIQNALIFHLEAKKPTDLLPSDIINGLNELIAKL 1000
S.C. KDRATGDADE-----PELRVLSTEEILNIFKHISVKDFTLGFNESFSRPEWMILTCLPVPPPPVRP 248 S.C. DEETK LVKDR-KFLREV-FVDGEANWPLPVNIRRIIQN QFHIlDHTKPSDLTIKDIVLGVKDLENL 9907
A.t. --IQRKKNDEPDQLPEPAERKqTLGADRVLSYLRISDADCQLLGFNPKFARPDMILEVLPIPPPPVRP 260 A.t. DAEYSEFTDRFQLGTEI-ATNGDSTIPLPYNIKRHIA FKIDLRKISDMIHPVEIVDAVDK ERL 1012
C.e. --KNVEDTQ-----ERKIKLTAERDLEVF ITDEDILVIGMDP9FARPEWMICTVLPVPPLAVRP 256 C.e. ESEWSQLEEDR-RLLRKD-FPRGDAKIVLPCNLLRLIVWAqIFKVDLRMAVNLSPLHIVISGVELKKL 1020
M.m. ---HVNEDSQ-----EKKILLSPERVHEI IKISDEECFVLGMEP YARPEWMIVTVLPVPPLSVRP 262 Amu. EREFERMREDR-EVLRVI-FPTGDSKVVLPCNLLRMIWNAQKIFHINPRLPSDLHPIKVVEGVKELSKKL 1020
D... ---HQNEDSQ-----EKKIYVSAERVWEILKHITDEECFILGMDPKYARPDWMIVTVLPVPPLAVRP 254 M.. EAEWDRLVSDR-DSLRQI-FPNGESKVVLPCNLQRMIWNVKIFHINKRLPTDLSPIRVIKGVKTLLERC 1012

S.p. SSDTREDM DI A CEEGAPAHIVSYELLQFHIVATYMDNEIGPQLKS 324 S.p. TIFRGSDRITRDVQNNATLLFQILLRSKF~AVKRVIMEYRLNKVAFEWIMGEVAFQVSPGEMVGTL 1070
S.C. SISFNESQRGEDDLTFKLADILWISLETLEHGAPHHAIEAELLQFHAYDDI QLKS 318 S.C. LVLRGKNEII .ARDAVTLCCLRSRLATRRVL EYRLTKQAFD!VLSKIAFRSVPEMVGVL 1067
A.t. SVMMDANORSEDTHQIAMIIRHNENL KR AAHISTFIQK 330 A.t. LWGDL NTFILSLSR M REVIE VPEIC 1082
C.e. AMVFGSAKNQDDLTH!LDIIKTNQLRENAAVTDRLFVTVNIPG LPT KG 326 C.e. IIVSGNDEISK A YATLLMNILLRSTLCTKNMC ISKLNSEAFDWLLGEIESRFQQIAQPGEMVGAL 1090
XMu. AVKSRQDTKAII RENAAVAK 332 M.m. VIVGDLSA ENATLLFNIHLRSTLCSRRMAEEFRLSGEAFDWLLGEIESKFQIAPEMVGAL 1090
Din. AVVMFGGAKNQDDLTHKLSDIIWELKEASGAAVQENIKMLFHVATLVDNDMKMPAMKS 324 D... VIVTGNDRISIQAENATLLFQCLIRSTLCTKYVSEEFRLSTEAFEWLVGEIETRFQAAPGEKVGAL 1082

GRLSRRKKEGRIRGNLMGKRVDFSARTVISGDPNLELDELGVPKSIAKTLTYPETVMPYNIYDK SCSc. GRPVKSIRARLKGKERRNMKVFSRVSDNEDQVVKIKLYEY MD 38 Sc ASIGEPTMLNTFHFAGVASKKVTSGVPRLKEILMVAKNMKPSLTVYLEPGHIADQEQALIS 1137
A.t. GRPIKSICSRLKAKEGRIRGNLMGKRVDFSARTVITPDPTINIDELGVPWSIALNLTYPETVTPYNIERL 400 A.t. MEQSGEPTMLFIfHAGVSAKNVTLGVRLREIINVAKRIITPSLSVYLTPIASKSEAKTVQCA 1152
C.e. GRPLKSIKQRLKGKEGRIRGNLMGKRVDFSARTVITADPNLPIDTVGVPRTIAQNLTFPEIVTPFNVDKL 396 C.e. AASLGEPTMLTHAGSKVLVRLKEIINVSKTLITPSLTVFLTGAAAKDPEKAKDVLCK 1160
M.m. GRPLKSLKQRLKGKEGRVRGNLMGKRVDFSARTVITPDPNLSIDQVGVPRSIAA1IMFAEIVTPFN1DRL 402 GMm.AASGEPTQTUTFHYAGVSAKMVLGVRLKELINISKKPKTPSLTVFLLGQSARDAERAKDILCR 1160
D... GKPLKAIKARLKGKEGRIRGNLNIGKRVDFSARTVITPDPNLRIDQVGVPRSIAQNLTFPELVTPFNIDRM 394 DI. AAQSLGEPTMLNTFffFAGVSSKNVLGVPRLKEIINISKKPKAPSLTVFLTGGAARDAEKAKNVLCR 1152

SpP QELVRNGPDEHIPGAKYIIRDTGERIDLRYHKRAGDIPLRYGWRVERHIRIX IFNRQPSLHKMSMMGH 464 S.P. IEHTTLSTMSATEIHYDPDPQDTVIEEDKDFVEAFFAIPDEEVEENLYKSPWLLRLELDRAKILDKKL 1210
S.c. TQLVRNGPNMIPAKYVIRDSGDRIDLRSKAGI LYVERIMDNDPVLFNRQPSLHISUMM 458 S.C. IEHTLKSVTIASEIYYDPDPRSTVIPEDEEIIQ[LHFSLLDEEAEQSFDQSPWLLRLELDRAAMNDKDL 1207
A.t. ---VRLVFISFSETKYIIRDDGQRSDLRYLKSSIQL KE IDFVLFNQPLHMSIMGH. 467 A.t. LEMTLRSVTATEVWYDPDPMSTIIEEDFEFVRSYYEMPDEDV--SPDKSPYLLRIELNREMMVKKL 1220
C.e. QELVNRGDTQYPGAK----EMGARVDLRHRALLPYVRM DIIVFNRQTLK SamM 462 C.. LEHTTF---VTCNTAIYYDPDPKNTVIAEDEETVSIFYEMPD--H--DLSRTSPYLLRIELDRKRMVDKKL 1223
M.m. QELVRRGNSQYPGAKYIIRDNGDRIDLRFHPKPSDLHQGKEHCDGDIVIFNRPLHMMMK 472 M.N. LEHI'rRKVTAMTAIYYDPNPQSTVVAEDQEWVNVYYEMD--F--DVARISP!LLRVELDRKHMDRKL 1226
0... QELVRRGNSQYPGAKYIVRDNGERIDLRFHPKSSDLHQG RLDDVFNRQPLHKSMMGH 464 0.. LEHIMLRKVTA1CTAITYDPDPQRTVISEDQEFVNVYyEMD--F--DPTRISP!LLRIELDRKRMTDKKL 1218

S.p. RIRVMPYSTFRLNLSVTSPTNADFDGDEKNMHPSEEREQEIMTMP ISNQKPVMGIVQDTL 534 S.P. SMSDVAGKIAESFERDLFTIWSEDNADKLIIRCRIIRDDDRKAEDDDNMI---EEDVFLKTIEGHMLESI 1277S.c. RVKVIPYSTFRLNLSVTSPTNADFDGD MHPS ERAELSQLCAVPLQVSQNKPCGMGVQDTL 528 S.C. TMGQVGERIKQTFKNDLFVIWSEDNDEKLIIRCRVVRPKSLDAETEA----EEDBMLKKIENTMLENI 1271
A.t. RIRIMPYSTFRLNLSMTPYNADFIDEGD HPQFERAEVLELMMPKIVSPQNPVGVQDTL 537 A.t. SMADIAEKINLEFDDDLTCIFNDDNAQKLILRIRIMMDEGPKGELQDESA---EDDVFLKKIESKMLTEM 1287
C.e. RVKILPWSTFRMNLSVTSPYNADFDGDEYIMLL LAKP IT AKPVMIQD 532 C.e. TMEMIADRIHGGFGNDVHTIYTTDDNAKUFRRI--AGEDKGEAQEEQVDKMEDDVFLRCIEANMLSDL 1291
M.m. RVRILPYSTFRLNLSVFTPYNADFDGDEMNUIPSLETRAEIQELAMVPRIVTPqSNRPVMG DQTL 542 MiR. TMEQIAEKINAGFGDDLNCIFNDDNAEKLVLRIRIMNSDENKMQE EEEVDKMDDDVFLRCIESNMLTDM 1296
Dim. RVKVLPWSTFRMNLSCTSPYNADFDGDEMNLHPQMERAEVEMIHITPRQIITPQNPMGVDL 534 Dim. TMEQIAEKINVGFGEDLNCIFNDDNADKLVLRIRIMNNEENKFDEDEAVDKMEDOMFLRCIEAMMLSDM 1288

S.P. AGVRKFSLRDNFLTRNAVMNIMLWVPDWDGTLPPPVILKPKVLITGKQILSLIIPKGINLIRD-- 00D 599 S.P. SLRGVPNITRVYKMMB----KIVRQIEDGTFERADE!VLETDGINLTEAUMTEVDATRTYSNSFVEIL 1342
S.c. CGIRKLTLRDTFIELDQVLNMLYWVPDWDGYIPTPAIIKPKPLVSGKQILSVAIPNGIHLQRF----DE 593 S.C. TLRGVENIERVVMMKY----DRKVPSPTGEYVKEPEYVLETDGVNLSEVMTVPGIDPTRIYTNSFIDIM 1336
A.t. LGCRKITKRDTFIEKDVFMNTLMWWEDFDGKVPAPAILKPRPLWTGKQVFNLIIPKQLLLRYSAWHIADT 607 A.t. ALRGIPDINKVIKQV----RKSRFDEEGGFKTSEEWMLOTEGYNLLAVMCHEDVDPKRTTSNHL1EII 1352
U.. CAVRMMTKRDVFIDWPFMMDLUfLMTLTWGK PAILKPKPWTKQVFSLIIPG YYRTHSTHPDS 602 C.e. TLQGIPAISKVMQPNTDDKKRIIITPEGGFKSVADYILETDGTALLRVLSERQIDPVRTTSNDICEIF 1361
XMu. TAVRKFTKRDVFLERGEVMNLJJUWSTDGKVPPAILKPRPLTKQIFSLIIPGHINCIRTHiSTHPDD 612 Ami. TLQGIEQISKVMLQDNKKKIIITEDGEFKALQEWILETDGVSLMRVLSEKDVDPVRTTSNDIVEIF 1366
0...AVRKTKROVITREVMNLMFLPTDAKMQPGILPRPLTGKQFSL1IPGNV?MIRTHSTHPDE 604 0.N. TLQGIEAIGKVYMILPQTSKKRIVITETGEFKAIGEILLETDGTSMMKYLSERDVDPIRTSSNDICEIF 1358

S.pP OS-LSMPTDSGMLIENGEIIYGVVDKKTVGAS LHIKKPIKFNIRVM I665 S.p. QILGIEATRSALLKELRKVIEFDG.SYVNYRHLALLCDVMTSRGHLMAITRHGINRAqGALMRCSFEETVY 41SG?TLLSPKDNGMLII ~ ~ ~ 659 S.c. EVLGIEAGRAALYKEVYNVIASDGSTVNYRMALLVDVMTQGGLTSVTRHGFNRSNTGALMRCSFEETVY 1412.:c. 9-----LSKNNII IG GSGGLIHVVTREKGPQVCAKLFGNIQKVVNFVLLH 1406
A.t. ETG----FITPGDTQVRIERGELLAGTLCKKTLGTSNGSLVHIVEEVGPDAARKFYLGHTQWLVNYYLL 673 A.t. EVLGIEAVRRALLDELRVVISFDGSYVYNRHIAILCDTMTTRGHLMAITRHGINRMOTGP'LMRGSFEETY 1422
C.e. EDSGPYKWISPGDTKYIIEHGELLSGIVCSKTVGKSAGNLLHVVTLELGYEIAAJFTSIQrINAWLIR 672 U.. EVLGIEAVRKAIEREMDNVISFDGSYVNYRHALCGOVMTAKGHLMySRHGINRQEVGAIMRCsFEETV 1431
Ami. EDSGPY!HISPGDTKVVVEMGELIMGILCKKSLGTSAGSLVHISYLEMGHDITRLFYSNIQTVINMWLLI 682 M.m. TVLGIEAVRKALERELYHVISFDGSYVYNTHALCG0TMTCRGHLMAITRHGYNRQ0TGPLMKCSFEETV" 1436
Dim. EDEGPYKWISPGDTKVWMVEELIMGILCKKSLGTSAGSLLHICFLELGHDIAGRFYGNIQTINNVLF 674 0... QVLGIEAVRKSVEKEMNAVLQFYGLTVMTRHLCLLGVMTAKGLMAITRHGINRQDTGALMRCSFEETV 1428

S.p. NGFSIGIGDTIADADTUMETRTVKEARRQVWAECIQDAQHNRLKPEPGMTLRESFEAKVSRILNQARDNA 735 S-p EILMDAAASGEKDDCKGISENIMLGQLAPMGTGAFDITLDQD. .96a&. . TD29repeats 1752 100%
S.C. NGFSTGIGDTIADGPTMREITETIAEAKKYLOVTEAQANLLTAKHGMTLRESFEDNVVRLNEARDKA 729 S.C. EILFEAGASAELDDCRGVSENVILGQMAPIGTGAFDVMIDEE..86aa. .CTD 26repeats 1726 64%
A.t. NGFTFIGIGDTIADSSTMEKINETISNAKTVDIRQFQ KELDPEPGRTMRDTFENRVDQVLNKARDDA 743 A.t. DILLDAAAYAETDCLRGVTENIMLGQLAPIGTGDCELYLNDE. .66aa. .CTD 4lrepeats 181 57%
C.e. EGHTIGIGDTIADQATYLDIQNTIRKAKQOVDIE AHDDLEPTPGNTLRQTEKNINCRR4 .e. DILMEAAVHAEEDPVKGVSENIMLGQLARCGTGCFDLVLDVE. .93aa. .CTD 42repeats 1859 54%
M.m. EGHTIGIGDSIADSMKT I NTIKKAKQDVIEVIEKAHNNELEPTPGNTLRQFENQVNRILNDARDK 752 M.m. DVLMEAAAHiGESDPMKGVSENIMLGQLAPAGTGCFDLLLDAE. .77a .' CGTD S2repeats 1932 56%
0... EGHSIGIGDTIADPQTY ElQQAIKKAKDDVINVIQKAHNMELEPTPGNTLRQTFENKYNRILNDAHDKT 744 Din. DVLMDAAAHAETDPMRGVSENIIMGQLPKMGTCFDLLLDAE. .59aa. .CTD 45repeats 1896 56%

Fig. 4. Multiple alignment of the pol II largest subunits. The alignment was performed with a computer program, TreeAlign, produced by J. Hein (53). CTD (numbers
of the repeat units are shown in parentheses) and adjacent diversed regions between domain H and CTD (numbers of aa are indicated) are not included in this alignment.
Positions with identical aa are indicated by asterisks under the alignment, while the eight conserved domains are indicated by lines over the alignment. Overall identities
of aa sequences of the largest pol II subunit between S. pombe and other test species are shown at the end of the alignment. Species examined are: S.p., Schizosaccharomyces
pombe; S.c., Saccharomyces cerevisiae; A.t., Arabidopsis thaliana; C.e., Caenorhabditis elegance; M.m., Mus musculus; D.m., Drosophila melanogaster.
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InrnNucleotide 3Intron NUposition 5' Branch 3'

1 16 GTATG ... 19 ... CTAAT ....3... .TAG
2 77 GTATG ... 22... CTAAC ....5.... TAG
3 190 GTAAG ... 20... CTTAT ....6...6TAG
4 305 GTATG ... 23... CTCAC ... 9.. .AAG
5 410 GTATG ... 73... CTAAC ....6.. CAG
6 609 GTAAG ... 28... CTAAC ....6... AMG

Consensus GTANG. CTGAT......... AAG

Fig. 5. Introns in the rpbl gene. The consensus sequence was taken from Martins
and Gallwitz (54).
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Fig. 6. RNA analysis. [A] Northern blot analysis of the rpbl transcript. Seven
,^g of poly(A)+ RNA was subjected to Northern analysis. The blot was

hybridized with a 5.4 kb PstI fragment containing a part of rpbl (see Fig. 2).
[B] Primer extension analysis. 32P-labeled primer # I (see Fig. 3) was hybridized
to five jig of poly(A)+ RNA and elongated by AMV reverse transcriptase.
Products were electrophoresed along DNA sequence ladders obtained using a

subcloned rpbl DNA fragment and primer # 1 (lanes 3-7). Two different
poly(A)+ RNA preparations were analyzed (lanes 1 and 2).

study). A single DNA band was detected when PCR products
were analyzed by gel electrophoresis. Direct sequencing of the
PCR product demonstrated that none of the six interrupting
sequences was present in the amplified region of cDNA. We
therefore concluded that six introns exist in the N-terminal region
of this gene (for details see Figs. 2 and 3), and that the largest
subunit of S. pombe pol II is composed of 1,752 aa residues with
the molecular weight of 194 kilodaltons (kDa). The gene
organization is in sharp contrast with the fact that the largest
subunit gene of S. pombe pol I contains no intron (18,19).
The aa sequence between position 1,460 and 1,548 showed

relatively weak homology to the S. cerevisiae pol II largest
subunit. We then analyzed cDNA sequence of this region. For
this purpose, the cDNA synthesized as destribed above was
subjected to PCR using primers #9 and # 12 (see the primer
positions in Fig. 2), and a part of the region (nt position 4,571
to 5,032 in the corresponding genomic DNA sequence) was
sequenced using primers # 10 and # 12. The cDNA sequence
agreed completely with the genomic sequence, indicating that
the diverged aa sequence is not due to the insertion of intron in

this region.
Detailed Southern analysis of genomic DNA digested with

various restriction enzymes showed that this gene is present as

a single copy in the S. pombe genome (data not shown).
Furthermore, gene disruption experiment by insertion of the S.
pombe ura4 gene showed that the gene is essential for viability
(data not shown). We then propose to designate this gene as rpbl,
according to the nomenclature proposed for the S. cerevisiae RNA
polymerase genes by Nonet et al. (36).

... LLGAASPYKGV
**QSPGYTSPF
**SSAMSPG

1* YGLTSPS
2* YSPSSPG
3. YSTSPA
4. YM4PSSPS
5 YSPTSPS
6 YSPTSPS
7 YSPTSPS
8 YSPTSPS
9. YSATSPS

10 YSPTSPS
11 YSPTSPS
12 YSPTSPS
13 YSPTSPS
14 YSPTSPS
15 YSPTSPS
16 YSPTSPS
17 YSPTSPS
18 YSPTSPS
19 YSPTSPS
20 YSPTSPS
21 YSPTSPS
22 YSPTSPS
23 YSPTSPS
24 YSPTSPS
25 YSPTSPS
26 YSPTSPS
27 YSPTSPS
28 YSPTSPS
29 YSPTSPS -COOH

Consensus YSPTSPS

Fig. 7. CTD sequence of the S. pombe pol II largest subunit. Amino acid (aa)
sequences from position 1,524 to the C-terminal end contains 29 repetitions of
YSPTSPS sequence. Repeat units with one or two mismatches to the consensus
sequence are indicated by asterisks. Two units with sequences similar to the
consensus exist upstream of CTD, as indicated by double asterisks.

Transcription organization
Northern analysis demonstrated that the size of the rpbl transcript
is about 5.6 kb in length (Fig. 6A). The start site of the transcript
determined by primer extension experiment using primer # 1 was
located at nt position -347 (Fig. 6B; see Fig. 3 for primer # 1).
When primer #2 (Fig. 3) was used for primer extention, a
consistent result was obtained (data not shown). The 5 '-flanking
region upstream from the protein coding region contains six ATG
codons before the putative ATG start codon at nt position 1 (see
Fig. 2). We concluded that ATG at nt position 1 is the start codon
from the following reasons: 1) The predicted start codon is located
within the first exon, and no ATG codon exists in the further
upstream in the same open reading frame following a TGA stop
codon (nt position -69); 2) no consensus sequences for intron-
exon junctions can be found between the transcription start site
at nt -347 and the putative start codon; 3) the N-terminal
proximal region of the predicted S. pombe pol II largest subunit
from the initiator Met to the first conserved domain (domain A)
is as large as that of S. cerevisiae pol II largest subunit (see Fig.
4; a significant homology can be found in this region between
S. pombe and S. cerevisiae); and, 4) the sequence near the
putative initiation codon fits well to the Kozak's rules (43) for
the consensus sequence for translational initiation.

Finally, we determined the nt sequence near the 3' end of the
transcript. For this purpose, we synthesized cDNA as described
above, and amplified a 3'-terminal region using primer b with
the sequence (5')CGCCGGCGCTTAAGTTT(3'), which
hybridizes to the end ofcDNA started from primer a, and primer
# 11 (see Figs. 2 and 3). The PCR product was digested with
BamHI (the cleavage site is located at nt position 4,832 within
the coding region) and EcoRI (the cleavage site is within primer
b), and cloned the resulting BamHI-EcoRI fragment into Ml 3
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phage mpl9 for sequencing. The amplified fragments from two
independent clones contained the junction points between rpbl
transcript and poly(A) tail, at position 5,654 or 5,655 in one
clone, and positions 5,659, 5,660 or 5,661 in another clone (the
ambiguities are due to the presence of multiple A residues in the
genomic sequence at the junction point). The length of mature
mRNA (about 5.6 kb) predicted from the sequence analysis is
in good agreement with the result obtained by Northern analysis
(see above).

Structure of the pol II largest subunit
The predicted aa sequence of S. pombe pol H largest subunit was
compared with those of other eukaryotes (Fig. 4). Eight structural
domains (domain A to H) conserved among the largest subunits
of all three species of eukaryotic RNA polymerases were also
identified in the S. pombe pol II largest subunit. These domains
have significant homologies to the corresponding regions of
E. coli fi', strongly suggesting that these domains are involved
in some common and essential functions associated with the RNA
polymerases. Some of the domains contain the following notable
motives.
Domain A has a putative zinc-binding site with the consensus

sequence of CX2CXgHX2H (aa position 69 to 85 in S. pombe
sequence) (14,15,44). The functional importance of this motif
in the largest subunits of pol I and pol II was confirmed by
isolation of S. cerevisiae ts mutants with mutations in this region
(44,45). In domains C and D, there are two different sequences
(position 354 to 384, and position 499 to 507, respectively, in
the S. pombe sequence) with homologies to the sequences
conserved within E. coli DNA polymerase I and T7 DNA
polymerase (12). The former sequence has a single two-helix
motif and might play some roles in DNA binding as discussed
previously (12,26). Domain F is believed to be involved in
response to a-amanitin, a potent inhibitor of eukaryotic pol II,
since aa substitution of Asn to Asp at position 793 within this
domain of mouse pol II largest subunit renders the RNA
polymerase insensitive to this drug (46). This position and the
surrounding sequences are highly conserved among the pol II
largest subunits from alil the organisms so far examined.
However, the Asn residue at corresponding sites in the two yeast
subunits (position 775 in S. pombe and position 769 in
S. cerevisiae) are substituted for Ile or Ser, respectively.
Interestingly, both S. cerevisiae and S. pombe pol II are less
sensitive to inhibition by ai-amanitin than pol II from other higher
eukaryotes (47; M. Yamagishi, unpublished observations).

Besides the eight conserved domains, a unique C-terminal
repetition of a heptapeptide (CTD) with the unit sequence of
YSPTSPS is known to be highly conserved (an exception is an
unusual structure found in CTD region of the largest subunits
of two pol II species from Trypanosoma; see refs. 21,22) and
is considered to be a marker of pol II (9). The CTD does not
exist in E. coli fi' or in any other subunits of various RNA
polymerases. Deletion experiments using hamster, mouse, and
S. cereviseae pol II largest subunit genes revealed that loss of
most of the repeats causes lethal effect on cell growth, while
S. cereviseae mutants containing deletions shorter than half the
length of native CTD exhibit conditional lethal phenotypes
(48,49,50). These observations altogether suggest that CTD plays
an indispensable function for cell viability. Several lines of
experiment indicate that CTD is needed for transcriptional
activation by trans-activating factors such as S. cerevisiase GALA
(51,52). The number of the repetitions is, however, variable
among different species: 17 in Plasmodiumfalciparum (25), 26

or 27 in S. cerevisiae (12,49), 41 in Arabidopsis (28), 42 in
Caenorhabditis elegans (27), 45 in Drosophila (26) and 52 in
mouse and hamster (16,48). The largest subunit of S. pombe pol
II was now found to have 29 repeat units (Fig. 7). The repetition
ends exactly after the final repeat.

Future prospects
Accumulation of the aa sequence data has revealed the presence
of at least nine regions structurally conserved in the largest
subunits of various eukaryotic RNA polymerase II, but little is
known of the functional role(s) of individual regions.
Manipulation of the cloned gene, in combination with genetic
and biochemical approaches of mutant subunit proteins, will make
it possible to investigate the structure- function relationship of
this large polypeptide.
The present study also indicated that the pol II largest subunits

from S. pombe and S. cerevisiae share a number of aa sequences
with high degree similarity, but yet significant diversities exist
between the two yeast strains at several regions. These diversities
might reflect different transcriptional properties including
different promoter selectivities and different regulatory
mechanisms observed between the two yeast strains.
Development oftwo experimental systems using both of the yeasts
will provide us with useful information for detailed understanding
of the molecular mechanisms of transcription and regulation by
RNA polymerase II.
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