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ABSTRACT
The CDC16 gent is involved in the process of chromosome segregation in mitosis
and a cdc16 mutant accumulates the predominant microtubule-associated
protein at the nonpermissive temperature. We find that the CDC16 gene open
reading frame (ORF) is capable of encoding a protein whose calculated molecu-
lar weight and pI are 94,967 and 6.60, respectively. This hypothetical
protein contains 16 cysteine residues; five are clustered at the N-terminal,
4 are placed about 3 residues apart in the middle of the peptide, and 3- are
located close to the C-terminal. Each of these could form a metal-binding,
nucleic acid-binding domain, suggesting this protein acts either as a repres-
sor of the microtubule-associated protein gene or as a component necessary for
spindle elongation, possibly interacting with the DNA. The start of the CDC16
ORF is only 95 bp downstream from the end of the MAKl1 ORF. In this region
there are two TATA boxes in tandem, but there is no room for a UAS or other
regulatory sequences. An ATG is present 5 bp upstream of the start of the
large ORF. Its frame terminates after only two amino acids.

INTRODUCTION

One of the most interesting, but still not well understood, processes in the

yeast mitotic cell division cycle is that by which duplicated chromosomes are

pulled to the poles of the spindle by the spindle fibers, thus delivering one

copy of each chromosome to each of the daughter cells. Following emergence of

a new bud and DNA replication, the nucleus migrates into the neck region
between the mother and daughter cell. Mitosis and nuclear division then ensue

as the spindle elongates with one pole in each progeny cell, the chromosomes

are partitioned, and the two daughter nuclei form (1).
The cdc16-1 mutant (CDC - Cell Division Cycle) arrests at the beginning

of the actual mitosis process. The cells have a single bud and the nuclei

have migrated to the neck between the mother cell and daughter cell, but the

spindle has not elongated and the chromosomes have not been partitioned (2,
3). The cdc16-1 temperature-sensitive mutation results in an elevated fre-

quency of chromosome loss when mutant cells are grown at the maximum permis-
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sive temperature, but no increase in mitotic recombination frequency is seen

under the same conditions (4).
All the above results point to a role for the CDC16 product in the

structure, formation, or functioning of the mitotic spindle. We have cloned

the CDC16 gene (T. Icho and R. B. Wickner, submitted) and report here its DNA

sequence analysis. The striking features of the CDC16 gene are the presence

of three typical metal-binding, nucleic acid-binding finger sequences, such as

first defined for TFIIIA (5), a run of threonine residues, the virtual absence

of space for an upstream control region, and an ATG 5 bp upstream of the main

CDC16 ORF which could limit the level of translation of CDC16 mRNA.

MATERIALS AND METHODS

Strains, Media, and Plasmids

Yeast strain YTI32 (MATa ura3 adel makll-l cdc16-1 L-A-HN M-o) was used to

test the CDC16-complementing ability of various plasmids. The diploid strain

YTI36 x YTI81 (MATa ura3 makll-l cdc16-1 adel his4 x MATa his6 ura3) was the

parent strain for the gene disruption experiments. Escherichia coli HB101 was

used for the propagation of plasmids, and JM109 was used as the host for M13.

Subclones were introduced into yeast by the lithium acetate transformation

method (6) using pTI15, a CEN vector with a multiple cloning site (T. Icho and

R. B. Wickner, submitted).
DNA Sequencing

Plasmid deletions made by Bal3l (7) were cloned into M13mpl8 or M13mpl9 (8) as

diagrammed in Fig. 1. DNA sequencing was carried out using the dideoxy method

with [35SJdATP (9, 10).

RESULTS

Deletions of the CDC16 Gene

A CDC16 plasmid, pTIC21, was subcloned from a plasmid pTICl, which contains

both the MAKl1 and CDC16 genes (T. Icho and R. B. Wickner, submitted). From

pTIC21, deletions were created by nuclease Bal3l and cloned into M13 (Fig. 1).
DNA sequencing of 57 M13 clones, reading 400 bases per clone on the average,

were compiled for the sequence. Some critical deletion fragments in M13 were

recloned into a multiple cloning site CEN plasmid, pTI15 (T. Icho and R. B.

Wickner, submitted), using the common SstI-SalI sites, and their complementing

activity was tested by transforming the plasmids into a cdc16-1 tester strain.

The growth of transformants at 370C indicated positive complementation. These

deletions defined the start and the end of the CDC16 gene as summarized in

Fig. 2.
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FIG. 1. The CDC16 plasmid, pTIC21, was digested with SalI, and a series of
deletions were created by nuclease Bal3l, repaired by the Klenow fragment of
DNA polymerase I, digested with SstI, and inserted into SstI-SmaI-digested
M13mpl8RF. For the opposite orientation, the same plasmid was digested with
SstI, and deletions were inserted between the SalI and the SmaI sites of
M13mpl9RF. The critical deletions in M13 were recloned into a multiple
cloning site CEN vector, pTI15, using the common SstI-SalI sites, and the
complementation activity for cdc16-1 was checked as summarized in Fig. 2. The
plasmid pTIC30, which was used for the CDC16 gene disruption, was constructed
by cloning the SstI-SalI fragment into pTI13 (26), a derivative of pAT135
carrying the same multiple cloning sites as pTI15.

Sequence of the CDC16 Gene

The DNA sequence of the CDC16 gene in plasmid pTIC21 is shown in Fig. 3. The

total sequence is 3412 bp. The sequence of the first 813 bp PvuII fragment is

identical with the sequence of the same region in the MAKl1 plasmid, pTICl9

(T. Icho and R. B. Wickner, submitted). Starting from the 233rd base, there

is a large ORF of 2523 bp which corresponds to a protein of 840 amino acid
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FIG. 2. Deletions inserted into M13 were recloned into pTI15 using the common
SstI and SalI sites. Clones numbered 3000 and 4000 represent the original
fragment in pTIC21 cloned into mpl8 and mpl9, respectively. C-terminal
deletions 3115, 3107, and 3105 carry the entire CDC-ORF, as well as possible
termination signals, and have full cdc16-1 complementing activity. Fragments
3106 and 3111 were deletions which are missing C-terminal polar residues in
the coding sequence. The plasmids carrying these deletions were still able to
weakly complement the cdc16-1 mutation. Other deletions missing more of the
C-terminal region showed no CDC16 activity. The N-terminal deletion 4606
starts within the C-terminal coding sequence of the MAK1l gene and has
cdc16-1 complementing activity. The deletion 4605 is only 69 bp from the
start of the CDC16 ORF and still has full cdc16-1 complementing activity.
Deletions 4613 and smaller ones lack the promoter region and a portion of the
N-terminal coding sequence. Consequently, they had no cdc16-1 complementing
activity.

residues, whose molecular weight and pI are 94967 and 6.60, respectively,
assuming no protein modification. This ORF assignment for the CDC16 gene is

consistent with the results of complementation tests of deletion plasmids
summarized in Fig 2. The ORF of the MAK1l gene ends at bp 137 with (TA)A.
Therefore, the space between these two ORFs is remarkably short, only 95 bp.

Furthermore, one of the deletions, M4605, carries only 69 bp of sequence

upstream from the start of the ORF and still is capable of complementing the

cdc16-1 mutation. Between the two ORFs, there are possible termination

signals for the MAK1l message, TAG...TATGT... TTT (11). Overlapping with these

sequences are two TATA boxes in tandem, GTATAA/TATAAAA. As indicated in Fig.
3 (positions 177 to 212), this AT-rich region, possibly responsible for both

MAK1l transcription termination and CDC16 initiation, has dyad symmetry over

32 bp except for the three G residues. Five bases preceding the start of the

CDC16 ORF, there is another ATG codon. This frame is terminated, after only 2
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amino acids, by TGA. This ATG codon probably reduces the level of CDC16 gene

expression (12).

Within the coding sequence, there are four direct repeats of C(T/C)AATT
(II) starting at position 594, resulting in an alternating (Asn Ser)4 se-

quence. Another directly repeated sequence of 16 bp with one mismatch (III)

is found starting at position 851. This produces a region in which 9 of 10

amino acid residues are Thr. Also there is a common sequence, CTCAATAAAAAGA

(I), starting at base 78 and at base 2579 which resembles the possible CAAT

sequence (13) in the MAK1l gene (T. Icho and R. B. Wickner, submitted).
However, the significance of these sequences is unknown. The ORF ends at base

pair 2755 with (TA)A. We can also identify possible termination signals,
TAG...TAGT...TTT (11) and three AATAAAs, including the one at the termination

codon. A fourth repeat sequence (IV), after the termination signals, pre-

sumably belongs to the neighboring gene.

The CDC16 protein contains a total of 16 cysteine residues, 5 of them

clustered at the N-terminal, 4 placed about at the middle of the protein, and

3 located with a histidine residue close to the C-terminal. Each of these

three clusters could form a metal binding DNA binding domain (5, 14) (Fig. 3).
The CDC16 Gene Is Essential

The EcoRV fragment (bases 1131-1645) within the CDC16 ORF was replaced by the

URA3 gene, the fragment containing the disrupted (15) CDC16 fragment was

transformed into a diploid strain, YTI81/YTI36 (ura3 CDC16 MAK11/ura3 cdc16
makll-1), and Ura transformants were selected (Fig. 4). Among diploid

strains disrupted correctly, as judged by Southern blotting, three were

temperature-sensitive and five were wild type. The former are interpreted as

disruption within the wild type CDC16 gene and the latter as that within the

temperature-sensitive allele. Their spore forming efficiency was significant-

ly reduced, especially in the temperature-sensitive diploids. This may be
related to the requirement for CDC16 in meiotic spore formation (16). In both

cases, only two of four tetrad spores survived and all these germinated spore

clones were Ura among a total of 20 tetrads examined. This result confirmed

that this gene is essential for growth of yeast as expected from the tempera-
ture-sensitive nature of the cdc16-1 mutation.

CDC16 Transcription
RNA from age-fractionated cells was prepared as described (17) and generously
supplied by Mitchell Smith. A Northern blot of this RNA was hybridized with a

CDC16 probe and with a probe for the constitutive gene PYK1 (pyruvate kinase).
Cells of all cell cycle stages showed a 2.8 kb transcript (Fig. 5), and
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-M400T:() ( I)
CTGATATTGACCAAAGTGAGGTGGAAAGTGATACCGAAGAATTAAAGAAGATAATGTTTGOTCAGAAGAAGAAACTCAATAAAAAGAAGCGGAAGCA 100
laAupI leGlyAApGlnSerGIuVIGIuSerAapThrGluGluLouLymLysI lMetPh1G5lyGIuLyaLyeLyaLeuAsnLyaLysLyaArgLyaGI-.U4606() -ou4S0 +)
ATTGAAGAAGAGTAAAGTATCAGTAGAA TTGAATA"COCCTTATACATGCGTGCAGCTCA AATTGTTGCGTACTAAAGTTAGTTTATAGT?lAAATA 200
nL.uLyuLyeS.rLyYValS.rValGI uLouGluEND

TA,AAATAArlrrATC TTAATCGTTAAAGATGATATGAAGT TTTGTCTTTATTGCTGTCATTOTTATAT CGTTAT TTGCTGGAAAGGCTACACAT TATTACAA 30 0
*000* MoUtLysPhojLouTy r CjCyjlH dTyrIYaII II u9jG IyLyAlaThrEiETyrTyrLy

MetIiIftd -U4613 (-) -4604(-)
GTCATCAAAAGCCACATCAAACTTGAAATCGTCAAACAG¢GTACTTATGAGAAACCCCATGTCGCCTTCGGAG CAACATTCACAACATAATTCTACATTG 400
sS rSe rLyeA I ThrS rAsnL*uLysS rS rA*nArgValILouM tArgA*nProMl tS rProS.rGlIuG InHIaS rG InH IsAanS rTh rL*u

GCCGCCTCGCCAT TTGTTTcTAACGTATCTGCAGCAAGAACACAACAGAGT TTACCAACCGATGCTCAGAATGATCG TTTGCAGCAACCCTGGAACAGAA SO
AlaArlSerProPhoValSerALnVAlSorAlaAlArgThrGlInGInSrLVuProThrAspAl GIlnAnApArgLouGAlnGIsnProTrpAanArgT

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1

CCAATACGOCTACGAGTCCCTACCAGTCGTGTACAAATAGCCCTTTAATACAGAAGTTGCAAGCGAATATTATCACTCCGCACCAGCCATCTGCTAATTC 900
hrAenThrAl ThrS*rProTy rG InSerLsuAl aAnSerProLouI I G InLyaLouG InAlIaAanlIIM*tThrPraHoH G InProS*rAa AanS*

(11),I~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~10

TAATTCTAATTCCAATTCCATTACGGGCAATGTTGTGAACGACAATAATTTGTTAGCTTCTATGTCTAAGAATAGTATGT TCGGTTCTACCATACCGTCC 700
rAnS*rAnS*rAsnS rIll*Th rG lyA*nV l ValAnnAspA*nAonLuL*uA l S rM tS rLy*A~nS rM*tPhoGl yS rTh rlIlProS*r

ACATTAAG¢AAGTGTAGCT TACAGCTGTAATAT^AAGAT TCAGTTGATGGT¢TGGTTCGTGATGAAGA TAATGATGAGGATGT TCATAACAATGGCGAT G JOO
ThrLuA.rSrLeVaIShr.L*uGInArgGu TyrLyrAI pS *.rVA TIApanVahArGACAGCiACpAsnAsApGA ACaHlAnnuyAapA

-pTIC20 -) &M480205(I-)

CAGCTCCGAATGCTAAT AATGATCCGTOTACTAACTAGGG ATAATCG¢ ACACAA CAACATTAAGACACACTACACCTCCAACCAACTCGA 900
aA laA laAsnA AsnA*nAspArg uS rLyaLou¢ ly,w lAsn yProLouTh rThrTh rTh rLouTh rTh rThroTh rThrAl aThrG lnL*uAs

TGTTTCTGAATTGTCAGCTATAGAAAGAT TGAGACTTTGGA¢GTTCGACGCAT T¢AT¢CAGCATATGTATAGGACCGCAGAATATAT TGCTGATAAAGTC 1 000
pValrlCrl.uLAuSrAlaVl*GluArgLYuArgLVuTrpArgPhIAIpAl.LjuM.tGljnHjlsMetTyrArgThrAlG luTyrIlAl IoAhpLyVaIl

-.4206 (-)
TATAACATATCCGAATGATCCOATGATCTTCGCGCATCCAATOATAT ATAATAATCAATACAATAA¢OCTGTGAACT TATTACCAGGAACA 1100
Ty rAon Il *SrAsnAepProAspAspA PhTrpLouG lyGIlnVa lTy rTy rAsnA*nAsn¢lnTy rV ArgA Ve CluL*u Il *ThrArgA*nA

ACTTGGATGGCGT TAATATCCTGtGTCGATATCTGTTGGGAC TCTCCTTTGTTAAATTACAGACATTTGATGACGCTCTAGATGTTATAGGOCAATACAA 1 200
*nL*uA&pGlyValAsnI leLouCy*ArgT,yrLouLauGlyL*uS*rPh*ValLyaLouGlnArgPheAspA*pAlaL*uAspVallI lGlyGluTyrAs
TCCAT TCAGCGAGGACCCATCTACGACGGCAGCAAACACCATGAGCAATAATGGCAATAACAGCAATACG TCACAGCCAG TTACTGACGGCGC TATAAAA 1 300
nProPhoSerGluA*pProS*rThrThrAlaAlaAenThrM*tS*rAsnAenClyAsnA*nSerAonThrS*rGlnProValThrAspGlyClyll.Lys
ATGCAGTCATCATTATGTTTTCTGAGAGGGAAAATATATTTTGCACAAAATAATTT TAACAAGGCAAGGGATGCAT TTCGTGAAGCCGATTTTGGTAGATA 1 400
Mof1 GIuS*rSorL*uCy*Ph*L*uArqG2GLyslI I*Ty rPht,^ IaG InAsnAsnPh*AonLyeA IaArgA*pA IoPhoArgG IuA 1 eIl LOUVa l AspI

M4201(-)~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~20

TAAAAAATTTTGCAAGCTTTCGAAATGCTCCIGTCCAAGAACCTGTTAACTCCACAAGAGGAATGGGACCTGTT TGACTCT TTCCAT TTCAAACAATTTGG 1 500
luLyeAsnPhoCluAloPhoGluMletL*uL*uS*rLy.sAsnL*uLouThrProClnGluCluTrpAspL*uPh*AspS*rL*uA*pPh*LynCluPhoIG
GGAAGATAAAGAGAT TATGAAGAATCT TTATAAGATCAACCTATCTAAATACATCAACAC¢¢AA¢ATATAAC¢AAGTCCAATGAGAT TTTAGCGAAAGAT 1 600
yGluAspLysGlulliMetLynAenL*uTyrLyslleAsnL*uS*rLy#Tyrll*A*nThrGluAspIiThrLy*SorAenCluIliLouAlaLysAsp
TATAAATTA¢CTGACAATGTA¢ATGTCGTAAGAAGTAAGGT¢¢ATATCT¢CTATAC¢CAAT¢CAAAT TCAAC¢AAT¢CTTAGA¢TT¢TGCGA¢ACC TTT 1 700
TyrLy*L*uAlaeA*pAonValAspVa lVa lArgS*rLyeVelAspl 1 45iyrThrGl nt5Ly*PheAsn¢luI{LsuCl uLTu uThrVa IL

W42-?CCATCAT21800

TGGAAAACGAC¢AAT TTAATAC¢AATATCT T¢CCA¢CATACATT¢¢ATGTCTATATGAACTATCAAATAAAAATAAGCT TTTCCTTCTGTGACTT150
*uGluAsnAspGluPheAenThrAsnI leLouProAlaTyrIl¢loGCyaLouTyr¢luL*uS*rAonLy*AsnLy*LouPhoLouLouSerHl@ArgLS
AGC¢¢AAACTTTCCCGAAGTCTCCGATAACATCCTT TA¢CGTTOC¢ACCTATTATAT¢A¢CTT¢¢ACA¢AATTACTGAAGCACA¢AAATACTAT TCCAAA 1 90 0
uA Cl uThrPh*ProLy'S*rA laIll*ThrTrpPhoSerVe IAI ThrTyrTyrM*tSerLouAspArgIl e*SrG luA G lnLysTy rTyrS*rLys
TCCTCAATACT¢¢ATCCAA¢CT TTCTGCCCCATGGCTCCGATT T¢CACACACGTAT¢CCCTAAAGGCTCAACAACACCAACCAT TAACA¢CATAC TCTA 200 0
S*rS*rl l*LouAspProSerPheAleA leA eTrpLou yPhoAl eHl ThrTyrA Lou¢l uG ly¢ lu¢ lnA~pG lnA laL*uThrA TyrSorT

CA¢CCCTCCA¢ATTC TTTCCTGGAATGCACT TACCAAAACT¢T TTCTC¢¢CATGCA¢TT TATGGCCGATGAAT TCAT TAAAT TTAGCAGAATCGTATT TTGT 21 00
h rA IaSorA rgPh*PhoProG IyM tH lsPLouP roLysLouPhoLouG IyM t G InPh*M tAl M tAonS rL*uAonL*uA IaG IuS rTy rPhVaV

(-)M321 0-
TCTGGCATATGACAT TTGTCCAAACGATCCATTAGTACTCAATGAAATGOGTGTAATGTAT TTTAAGAAGAACGAATTTGTCAAAGCCAAGAAATACCTG 2200
IL*uAlaTyrAspIlieCyaProAsnAspProL*uValLouAsnCluMotGlyValMotTyrPh*LyeLy@AsnGluPheVaILyeAlaLyaLy*TyrL*u
AACAACGCGTTGGAAGTGGTGAAAGATC TTGATCCAA¢TTCAA¢AAC¢ACAATATCAAT TCAATTAAATCTAGGACACAC TTACAGAAAGTTAAATGAGA 2300
LyZL5*AlaLouGluValValLy*AspLouA*pProS*rS*rAr ThrThrIlleSrlleGlnL*uAsnLouGlyHlsThrTyrArgLyaLsuAsnGluA

(-)M3207- (-)M3109-
ACGAAATTGCCATTAAATGTT TTAGATGCGT TTTGGAGAAAAATGATAAAAACTCTGAAAT TCAT TGTTCCTTAGCGTTACTTATATTTGAAGACGAACAA 2400
anClul leAlaIlluLyslEPh*Argg5elLouGluLyaA*nApLyAaAnS*rGluIlSL ouCKisel*uGTyrL uTyrL*uLy*ThrLyrLy
ATTACAAAAGGCCATTGATCATT TGCACAAATCAT TGTACCTAAAGCCTAATAAT TCATCTGCAACAGC¢CT TTTGAAAAATGCCCTAGAGCTAAACGTG 2500
s LouG lnLy*A laIlleAspH LouH LyeS rL*uTy rL*uLy*P roA*nA*nS rS rA laThrA LouL*uLyeAsnA laL;uG luL*uA*nVaIl

ACGTTATCATTGOATGCCAGCCACCCACTTATTGACAAGTCGAATTTAAT0A0TCAG0CAAOTAA00ACAAGGCTTCCCTCAATAAAAAA¢ATCTTCAT 2600
Th rLuS rLouA*pA IaS rHI*P ro LouI I AspLy*S.rA*nL*uM tS *rG InA IoS rLyeAspLyeAlI S r LouAsnLy LysArgS rS rL

TCACTTAT¢ACCCT¢TCAACATC¢CTAAAAGGT TGAGAACACAAAAGGAGA CT T GATCAGAATAACAAAGCTCTAAGAAAGGGAGGTCATGACAGCAA 2700
*uThrTyrA*pProVIAonM*tAlaL eA L uArgThrGlnLysGlul ImPh*A*pGlnAsnAonLyeAlaLouArgLy*GlyGlyHlsAspSorLy

(+/-)M31 0-
AACT¢GAA¢TAATAA TGCCGACGATGAT T TTACGCAGATATGGAACTGGJA ZlAlTACGAAGGCCCGGCAG"¢4z AAAGACACGACT TAGTACAAGTA 2800
oTh rG lyS rAsnAsnA l AspA*pAepPhoAspAlaAspeVtG IuLouG luEND

(+)M3 105.-

(IV) (+)M3107.- (+)M3115.-
TTTCCTGCTTTTTTTCCTGCTTTCTTTCAT T TTCTCCTTGCCGTTCTTCTTTCCCTCCGCTTTCGGTCCTTCTCCTTGTTCCTCTOGCTCTTGTTAAT 3100

CTCATCCTCAT TAGTGT TTTTCAACACTT TATTCT TAATCTCTATCAAACTCTGGTTCTCAATCTTCAGCTCT TCTAAAC¢CTGTTCAAGTTCAA¢¢TTC 3200

CTTCT T TCGACCCATGAACT TTCTT TTTCAAGCTCTTTGCACTCAAGACGTGAT TTGCGAGTGGTAACT TCTAGT TTGTCT TTTAG TTCATCGTATGACA 3300

GCTCCTTGGCGTT T TTCCTTCGCT TCTCAT TCT TCTTCGACCGGTCCAGATTTGGCGACGGACT TGCTCCGTTGACA TCTTCGTGGG T CTCATATCACT 3 400
(+)m3000-

AAAATCTTCTAC 3412
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normalization by comparison with PYK1 message showed that there is no cell

cycle regulation of CDC16 transcription (Fig. 5).

DISCUSSION

The CDC16 protein has a total of 16 cysteine residues. Twelve of them are

clustered either at the N-terminal, in the middle, or close to the C-terminal

of the sequence, forming metal-binding nucleic acid-binding domains originally

proposed for TFIIIA (5), in which four cysteine or histidine residues are

distributed in the pattern Cys X2-4 Cys X2 15 Cys/His X2-4 Cys/His (14).

Since in the first cluster there are six cysteine residues and one histidine

residue, two metals may possibly bind to this region. Alternatively, two

different binding conformations may be possible. The first cluster is quite

homologous to one of the TFIIIA repeats, while the second resembles a region

in ferridoxin.

In yeast, several activator proteins which interact with upstream promot-

er regions have this structural motif, including GAL4, PPR1, ARGRII (18), and

ADRl (19). Since cdc16-1 mutants are reported to accumulate the predominant
microtubule-associated protein at the nonpermissive temperature (20), it is

possible that the CDC16 gene product is a repressor-like molecule binding DNA

and regulates the expression of this microtubule-associated protein. Alterna-

tively, this protein could be a structural component of the spindle that

actually binds to the yeast chromosome. In any case, this protein must play
an important role in the process of nuclear division.

The distance between the MAK11 and CDC16 genes is very short. The

positive complementing activity of the deletion M4605 suggests that only 69 bp
upstream from the start of the ORF is enough for the CDC16 activity. We

identified two tandem TATA consensus sequences in this region. Northern
analysis using T3 RNA polymerase transcripts of the EcoRV fragment in the

middle of the CDC16 gene as a probe revealed a low abundance message of 2.8

FIG. 3. The DNA sequence of the CDC16 gene in pTIC21. The DNA sequence is
shown together with the CDC16 and the C-terminal part of the MAKl1 protein
sequences. A small ORF, just before the start of the CDC16. coding sequence,
is shown italicized. The end of deletions shown in Fig. 2 is marked by the
arrows together with their cdc16-1 complementing activity in parenthesis. Two
TATA boxes for the CDC16 gene are indicated by *s. The possible termination
signals for the MAKl1 and CDC16 genes, AATAAA, and TAG...TATGT...TTT (11), are
italicized. One repeated sequence (I) and three tandem direct repeats, (II),
(III), and (IV), as well as a region of dyad symmetry around the promoter
region, are shown by lines. The three clusters of cysteine and histidine
residues, which could possibly form metal-binding, nucleic acid-binding
domains, are in the boxes.
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kb, whose amount does not change during the cell cycle compared with PYK1

message. Consequently, we suggest that the CDC16 message is expressed

constitutively.

It has been proposed that a constitutive promoter in yeast consists of an

upstream poly(dA-dT) sequence (21) that allows the entry of RNA polymerase.

In the case of the CDC16 promoter, there is no room left for such a sequence.

If a separate entry site is really necessary for the initiation of tran-

scription, we could assume that the DNA template may be already open, because

of MAKll transcription, and even that the same RNA polymerase molecule might

be used to initiate CDC16 transcription. However, since the deletion M4605 is

enough to complement the cdc16-1 mutation, this may not be the case. Instead,

perhaps only the AT-rich sequence including the two TATAs is actually enough

for the initiation of the moderate constitutive transcription observed.

However, we have not yet completely eliminated the possibility that an artifi-

cial outside promoter activity originating from the vector may affect the

expression of the cloned CDC16 gene.

There is an ATG codon just before the start of the CDC16 ORF that termi-

nates just within the CDC16 ORF after only two amino acids. This would be

expected to reduce the level of expression of CDC16 (12) if the mRNA starts

before this upstream ATG codon. Since the mRNA start site is not yet known,

it remains possible that translation of the CDC16 ORF begins at the second ATG

at position 347. Other factors reducing the level of expression of CDC16 are

the fact that less abundant tRNA codons (22) are frequently used in the CDC16

coding sequence and the dissimilarity of the sequence around the AUG to the

FIG. 4. Disruption of the CDC16 gene. (A) Construction. The SstI-SalI
fragment containing the CDC16 gene in the plasmid pTIC21 was inserted into the
corresponding sites in plasmid pTIC13. The 515 bp EcoRV fragment in this
plasmid, pTIC30, was replaced by an 1170 bp HindIII fragment containing the
URA3 gene, which was repaired by the Klenow fragment of DNA polymerase I.
From this plasmid, pTI31, a BstEII-HhaI fragment containing the URA3-disrupted
CDC16 gene was 4purified and transformed into a diploid strain, YTI81 (ura3
CDC16 MAKll K )/YTI36 (ura3 cdc16-1 makll-1). (B) Veri$ication of the
disruption. Tie HindIII digests of genomic DNAs from URA3 diploid trans-
formants and their spore clones were tested for the integration of the URA3
gene by Southern hybridization (28, 29) using the nick-translated SstI-SalI
fragment from pTIC21 as a probe. The replacement of two HindIII fragments of
3060 bp and 362 bp by a 4072 bp fragment indicates the correct disruption.
The HindIII site on the left side in panel A is in plasmid pTIC19, which was
previously sequenced. The exact location of the right HindIII site is not
known. The weak hybridization band of about 2 kb seems to be derived from an
homologous sequence in the yeast genome. (1) Plasmid pTICl; (2) strain 1385;
(3) YTI81 x YTI36; (4) a diploid Ura transformant, D3. Two pairs of Ura
spore clones derived from D3: (5) 1A; (6) 1B; (7) 3A; and (8) 3B.
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FIG. 5. The CDC16 transcript is not regulated by the cell cycle. The total

RNAs from size-fractionated cells using an elutriator centrifuge were run on a

glyoxal gel, transferred to a nitrocellulose filter, and hybridized with the
T3 RNA polymerase transcript from plasmid pTIC56 (shown in figure). Plasmid
pTIC56 carries the EcoRV fragment (base pairs 1130 to 1645) from pTIC21
inserted into the SmaI site of pT3/T7-18 (Bethesda Research Laboratories).
These in vitro transcripts are complementary to the CDC16 message. The T7 RNA
polymerase transcript from a plasmid containing a fragment of the PYK1 gene

was used as a control (data not shown). The relative amount of each message

was quantitated by scanning the x-ray film. The amount of each message (CDC
and PYK ) was first normalized to that of unfractionated cells (CDC anA
PYK ), and then the normalized ratio of the two messages was calculate% for
eacR fraction.
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consensus sequence for highly expressed yeast genes (23). In fact, CDC16-lacZ

gene fusions at amino acid 185 (C47) and at amino acid 84 (C51) of CDC16, when

expressed on the CEN plasmid pTI15, showed 3.2 units and 1.35 units of

B-galactosidase activity, respectively, compared to, for example, MATa2-lacZ
fusions on a CEN plasmid (100 units) (24) and ENO1-lacZ fusions on a CEN

plasmid (85 units) (25). Although other CDC16-lacZ fusions might give differ-

ent activities, these results suggest that the level of expression of CDC16 is

low.
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