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A tRNA coding locus in the Barn-Sal 9 region of 
Euglena gracilis Pringsheim strain 2 chloroplast DNA 
was  chosen for detailed study. This DNA contains the 
previously mapped tRNA coding sequences of the ad- 
jacent Euglena chloroplast EcoRI products of EcoV and 
EcoH (Orozco, E. M., Jr., and Hallick, R. B. (1982) J. 
Biol. C h e n  257,3258-3264). The 3.2-kilobase pair Barn- 
Sal 9 fragment was cloned into the BarnHI and Sari cut 
plasmid vector pBR322, resulting in the recombined 
plasmid pPG76. The tRNA coding locus was mapped to 
a region of Bum-Sal 9 that contains portions of both 
EcoH and EcoV.  The DNA sequence of 1-kilobase pair 
Bum-Sal 9, containing the entire tRNA coding locus, 
was determined. A cluster of six tRNA genes  was found. 
The gene organization is  as follows, where bp is base 
pair: tRNAXA-64 bp spacer-tRNAFk-14 bp spacer- 
tRNA&,-4 bp spacer-tRNAz$-27 bp spacer-tRNAEbc-6 
bp  spacer-tRNAg!&. The tRNAF& is believed to be an 
elongator tRNA. The first four genes are within EcoV. 
The EcoRI cleavage site that separates EcoV and EcoH 
is in the tRNAG1" g me. The tRNA"IY gene is in EcoH. 
This is the largest known chloroplast tRNA gene  clus- 
ter. 

The  chloroplast  DNA of Euglena  gracilis  has been shown 
to  have  at  least nine loci which  hybridize with  chloroplast 
tRNAs (1-3). At least  some of these loci contain  multiple 
clustered  tRNA genes that  may be part of polycistronic tran- 
scription  units (1). In  Euglena, two tRNA loci have been 
characterized. One, containing  the  tRNA"'  and  tRNAA1",  is 
found  between the 16 and 23 S ribosomal  genes (4 ,5) .  A larger 
cluster in EcoG  contains  the four  genes tRNA""", tRNAArg, 
tRNAA"', and tRNA""' (6). Among higher  plants, maize chlo- 
roplast  DNA  has a  locus  between the 16 and 23 S rRNA genes 
containing  split tRNA"' and  tRNAA'" genes (7). However, 
both  the  chloroplast  tRNAVa1  and  the  tRNAH'" genes of maize 
are found as isolated  genes (8, 9), as  are  the tRNA'"' and 
tRNAA"" of tobacco  chloroplast DNA (10, 11). 

The  Barn-Sal 9 fragment of chloroplast  DNA was  chosen 
for further  study because it was a good candidate for  having 
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a  large  polycistronic tRNA  cluster (1).  Barn-Sal 9 contains 
EcoV and a part of both  EcoG  and  EcoH.  It  has previously 
been  shown that  both EcoV and  the  portion of EcoH internal 
to Barn-Sal 9 hybridized '"P-labeled Euglena chloroplast 
tRNAs (1-3). In  this  study, a restriction endonuclease cleav- 
age map of Barn-Sal 9 was constructed,  the  tRNA coding 
locus  was  identified, and  the DNA sequence of approximately 
1 kb'  containing  the  entire coding locus was determined via 
the  Maxam-Gilbert  method (12). Six tRNA genes were iden- 
tified. The organization of the  cluster as determined from the 
DNA sequence  data is tRNA:;VA-64 bp spacer-tRN@&-14 
bp  spacer-tRNAy.\l-4 bp spacer-tRNA::?i-27 bp  spacer- 

chloroplast tRNA gene  cluster. All  of the genes have  the  same 
polarity  with  respect to  each  other,  to  the  rRNA  transcription 
units,  and  to  the previously characterized tRNA'"'-tRNA*""- 
tRNAArg gene cluster of EcoG. 

tRNA(;1Ll rrr,c-6 bp  spacer-tRNA;&.  This is the  largest known 

EXPERIMENTAL PROCEDURES' 

RESULTS  AND  DISCUSSION 

Mapping-The location of the 3.2-kb BamHI-SalI diges- 
tion product of Euglena chloroplast DNA  designated Barn- 
Sal 9 (or "BS9") has been  previously reported (1, 2, 13). With 
reference to the  EcoRI  map of this genome (1, 2, 14), BS9 
contains all the  EcoV,  as well as portions of both  EcoG  and 
EcoH. A detailed restriction endonuclease map for this  DNA 
was determined (Fig. 1). The enzymes  used  were EcoRI,  AuaI, 
AuaII, A M ,  MspI,  HhaI,  HaeIII,  TaqI,  Hinfl,  and DdeI. 
Maps were  deduced  mainly by standard  methods of single and 
double digestion. When  ambiguities were possible, specific 
fragments were isolated  for  redigestion (4). In  addition, 31 of 
the 42 cleavage sites shown in Fig. 1 were  confirmed by DNA 
sequence analysis. There is one possible anomaly in the  re- 
striction endonuclease map. According to  the nucleotide se- 
quence  data,  there is an  internal  Tag1  site in the 257-bp TayI 
fragment (Fig. IC) that is not  cut by TaqI in  enzyme  digestion 
reactions. The reason  for this  uncut  TaqI  site  is unknown. All 
other  sites  predicted  from  the nucleotide sequence  data  have 
been  confirmed during  the  mapping  study. 

The nucleotide sequence of the  right-hand 367 bp of BS9 

I The abbreviations used are:  kb,  kilobase  pair; hp, base pair; R, a 
purine  nucleoside; Y, a pyrimidine nucleoside; DTT, dithiothreitol. 
' Portions of this  paper (including "Experimental  Procedures" and 

a portion of "Results and Discussion") are presented in miniprint at 
the end of this  paper.  Miniprint is easily read with the aid of a 
standard magnifying glass. Full size photocopies are available from 
the Journal of Biological Chemistry, 9650 Rockvilk Pike,  Bethesda, 
MD  20814.  Request  Document 82 "1489, cite the authors and 
include a check or money order  for $1.60 per set of photocopies.  Full 
size photocopies  are also included in the microfilm edition of the 
Journal that is available from Waverly Press. 
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FIG. 1. Restriction endonuclease  map. Map of the Barn-Sal 9 
fragment of E. gracilis chloroplast  DNA. This  fragment  contains all 
of EcoV  and sections of EcoH and EcoG. Distances  between cleavage 
sites  are given  in base pairs. 

(Fig. 1)  has previously been reported (6). This is a portion of 
the  data  from 1.6 kb of Euglena chloroplast DNA  containing 
a cluster of four tRNA genes (6). 

Location of Transfer  RNA  Genes  within BS9-In order  to 
locate  the  tRNA coding locus (or loci)  within  BS9, Southern 
(15) hybridizations were used. Total  Euglena  chloroplast 
tRNAs were purified. They were  radioactively  labeled at   the 
3'-CCA termini with  [a-'"P]ATP as previously  described  (16). 
The  tRNA probe was hybridized to  membrane fiiter blots of 
BS9 restriction endonuclease fragments (1, 6, 16). The region 
of tRNA hybridization was localized to a 600-bp region  be- 
tween the two AvaII  sites of BS9 (data  not  shown).  This  is a 
larger coding locus than was  previously  described  for this 
region for the  bacillaris  strain of E. gracilis ( 3 ) .  In  another 
experiment,  the  synthetic oligonucleotide 5"CTACCAACT- 
GAGCT  was  found to hybridize to  both  EcoH  and  the frag- 
ment H indI IB  (6) which contains all of BS9.3 This  synthetic 
probe is complementary  to  the D-stem and loop of Euglena 
chloroplast tRNA''h' (17),  tRNAA1" (4, 5),  and tRNA""' (6). 
Following nucleotide sequence  analysis (described  below), the 
identical  14-base sequence was  identified  within the D-Stem 
and loop of a tRNA"'" gene. The  DdeI  sequence of the 
synthetic 14-mer (5"CTGAG) is the  DdeI cleavage site be- 
tween the 485- and 201-bp DdeI  fragments (Fig. le). 

DNA Sequence  Analysis of the  tRNA  Coding  Locus  in 
BS9-The region within  BS9 that hybridized  with chloroplast 
[,"P]tRNAs  was sequenced by the  method of Maxam  and 
Gilbert (12).  The  portion of BS9 analyzed and  the  sequence 
strategy used is shown in Fig. 2. DNA  sequence was deter- 
mined  for fragments 5'-end-labeled at the following sites: 
EcoRI,  AuaII,  AuaI,  HhaI,  TaqI,  AluI,  HinfI,  and  DdeI.  For 
100%  of the  data  obtained,  the  sequence of both  strands was 
obtained  and/or  the  same  fragment was sequenced  more  than 
once. The  continuous  sequence of 889 bp  from BS9, containing 
637 bp of the 1.2-kb EcoV and 252 bp of the 1.1-kb EcoH, is 
given in Fig. 3. 

Transfer  RNA Gene Organization-There  are six tRNA 
genes  within the  tRNA coding locus of BS9 identified by 
tRNA hybridization. These six genes, uhich all have  the  same 
polarity, are encoded  within 557 bp of Euglena  chloroplast 
DNA. The DNA sequence of this  tRNA gene cluster,  as well 
as of the proximal and  distal flanking DNA, is given in Fig. 3. 
The  tRNA genes were identified  by comparison of the posi- 
tions of invariant  and  semi-invariant bases and  secondary 
structure tc- the known  general structure of other  tRNAs 
(described below) (18, 19). The  identity of the genes  was 
predicted  from the  anticodon  sequence  and  the  sequence 
homologies to known tRNAs (described  below). This gene 
organization is as follows:  tRNA;'!GA-64 bp spacer-tRNA#&; -14 

' J. Nickoloff and K. B. Hallick, unpublished observations. 

bp spacer-tRNA&A':1-4 bp spacer-tRNAz;"A -27 bp  spacer- 
tRNARk-6  bp spacer-tRNARgc. 

None of the genes  code  for the 3'-CCA termini,  and  none of 
the genes are  interrupted by intervening sequences. The close 
proximity and common  polarity of these genes is  consistent 
with the possibility that  some  or all of the genes might be 
initially transcribed as a  polycistronic transcription  unit.  This 
seems  most likely for the tRNAH'"-tRNAM"'-tRNATrl' and  the 
tRNA';'U-tRNA"'Y genes,  which are  separated by intergenic 
spacers of only 4-14 bp. We are  currently  attempting  to 
identify the  primary  transcripts of these genes. 

This is the second tRNA gene cluster identified in  Euglena 
chloroplast  DNA. The coding location is 1.6 kb  from  the 
previously characterized four gene  tRNA  cluster of chloroplast 
fragment EcoG. With  these six genes in BS9, the  total  number 
of different  known Euglena chloroplast tRNA genes is now 
12, the  largest  number for any  chloroplast  DNA.  Since  the 
tRNA"" and tRNAA'"  genes are  each  present  three  times/ 
genome (l), each gene located in each of three  tandemly 
repeated  rRNA  transcription  units (l),  the  total  number of 
known Euglena chloroplast tRNA genes is now 16.  All  of 
these genes,  except the tRNAL"" of EcoG (6), are of a  common 
polarity. 

tRNA"' Gene-The tRNAM" gene most likely encodes  an 
elongator tRNA  rather  than  an  initiator  tRNA for several 
reasons. First,  the predicted tRNA"' secondary  structure 
(Fig. 4)  contains 7  bp  in the  amino acid acceptor expected  for 
an elongator, rather  than  the 6 bp expected  for an  initiator 
tRNA (23). Second,  the  base  sequence homology of the  Eu- 
glena tRNAMe', although similar  for both  the  tRNAM"  and 
tRNA"' initiator of spinach  chloroplasts (59 and 62%, respec- 
tively), is significantly  higher  for Escherichia  coli tRNA"" 
(70%) than for  tRNAM"' initiator (56%).  Finally,  a putative 
Euglena chloroplast tRNA"' initiator gene has  recently  been 
~equenced.~  This  tRNA would have a 6-bp  amino acid  accep- 
tor  stem, 84% sequence homology with the  spinach  chloroplast 
tRNAM"' initiator,  and 68% homology with  the  E. coli 
tRNA"' initiator. 

tRNA  Secondary  Structures-The  secondary  structures 
predicted for the  primary  transcripts of the six tRNA genes 
are shown  in Figs. 4 and 5. All six genes can be represented in 
the  tRNA cloverleaf structure proposed by Holley et al. (20). 
However,  two of the  tRNAs would have single mismatched 
base  pairs. The tRNA"'" would be predicted  to  have a U:W 
U40 mismatch  internally in the  anticodon  stem.  The  tRNAM" 
would be  predicted to  have  an A x - G ~ ~  mismatch at  the closure 
of the  anticodon loop  (Fig. 4). One of the  base  assignments  for 
this A81-G39 mismatch, A:i15 in the tRNA"' gene, is confirmed 
as  part of the  HinfI cleavage site GRIIA~IT:~~T:IBC:~~, which  was 
located by restriction endonuclease  analysis  (Figs. 1 and  4). 
An autoradiogram of a 20% DNA sequencing gel for a DNA 
fragment  from  the tRNA"' gene  radioactively  labeled at  this 
HinfI cleavage site is shown  in Fig. 6. The  DNA  sequence is 
5'-TRRC34A3r,TR6A3;ARHGR9C40C41C42 . . . and  contains  both  the 
anticodon 5'-CR4A3RT3ti and  base Gas. The GXI assignment is 
apparent. 

There  are  other examples of either  tRNAs  or  tRNA genes 
with mismatches at these  sites in the  anticodon  stem.  The 
phage T4 tRNAArg  contains a U:JII-$~,I mismatch  (21);  the 
Saccharomyces  cerevisiae tRNAG1"  gene,  a C:IO-T40 mismatch 
(22), and  the  phage  T5 tRNAAs", a C:ill-T4~, mismatch  (23). 
There is no precedent for an AX-GRS pair,  but  the  yeast (24, 
25) and  mammalian (26, 27) elongator tRNA"' and  the  Neu- 

' G. Karabin and H. B. Hallick,  unpublished  observations. 
The nucleotide  positions are numbered  according  to the positions 

assigned yeast tRNA'"" (23). 
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Eco V - Eco ti tRNA Gene Cluster 

FIG. 2. Sequencing  strategy for 
the tRNA gene  cluster  region of BS9. 
Fragments  were  sequenced  from  the 
sites  indicated in the  direction o f  the 
urrou'c. tRNA  genes  are  shown hekJl1, in 
alignment  with the map. They would be 
transcribed from right t o  left. 
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FIG. 3 .  Sequence of the tRNA gene  cluster and  flanking UNA of restriction  fragment BS9 from Euglena chloroplast DNA. 'I'he 
top  strand of the  DNA is written left to right in the 5' to 3 '  direction. The tRNA-like  sequences are in italics. Italics on both  strands  rellresent 
restriction  sites  used for 5'-end  labeling  in  Maxarn-Gilbert (12) sequence analysis. 

rospora crassa mitochondrial tRNA""" (28) contain  the  pair 
~.ll-+~l~+. The  phage T s  tRNA""" has  a C.II-+:~!, pair (23 ) .  In 
addition,  the S. cerezisiae (29) and  Aspergillus nidulans (30)  
mitochondrial  genes  contain  the  pair Tjl-T,l!,, and  a 
rat  mitochondrial tRNA'""  gene (31) has  the  bases A:lI-Cl!,. 

Invariant and Semiconseroed Bases-Based on  an  analysis 
of procaryotic,  eucaryotic,  and  phage  tRNAs involved in pro- 
tein  synthesis,  Singhal  and Fallis (19) have  described  both 
invariant  and  semiconserved  bases in tHNAs  that occur with 
greater  than 90% probability. The 16 invariant bases are Ux, 

and A;+,. The 20 semiconserved  bases  are (G or  C)?, Rc,, Yll, 
Glo, AI,, GI,, GI!,, ALI, U{.I, G ~ I ,  T:,,, $x,, Cx;, Am, CSI, ' 2 7 8 ,  C y r , ,  

RI;, YN,, R,,, R.'4, Y,,, Rztj, (G or C).i,l, Y,v, K.j7, (A  or C ) , I ~ ,  (G 
or C) I(I, Y,", R;?, R,;, Y,,,,, Y,,,, and R;:l. Some of the six Euglena 
chloroplast  tRNA genes have different bases  at  invariant  and 
semiconserved  positions. The  tRNA""' gene codes for C I ~ ~ - G ~ ~ ,  
in  the D-stem rather  than Glll-Y2:. This reciprocal  base pair 
change also  occurs in E. coli  tRNA"'" ( 3 2 ) .  The tRNA';'" gene 
codes for A~.~-Ulil  base pair  rather  than  the  invariant  G5:I-C,jI. 
These base assignments for  tRNA"'" are confirmed by restric- 
tion  endonuclease analysis. The A:,I and tJ,;l are within HinfI 
and EcolEI cleavage sites, respectively. This is a very rare 
base change  among known tKNAs  and  tRNA genes.  Only the 
tRNA:ip and tHNAM"' genes of A. nidulans mitochondria  are 
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FIG. 4. Nucleotide sequence of tRNATyr,  tRNA"'", and 
tRNA"'. The primary structures  are deduced from the DNA se- 
quence and shown in the normal tRNA cloverleaf secondary struc- 
tures. 

G .@ 
C *G 
G*C 
C -0 
U * A  
u .G 

u 
G.C 
C *G 
G * C  
G * C  
G * C  

G*C G.C 
G * C  
U * A  

C A  G . 6  C A  

'C  AA 

U G  
C ' G  

C ' 0  U A  
C-G 
C * G  U C  C 

tRNAG'" 

FIG. 5. Nucleotide sequence of tRNATm, tRNA'"", and 
tRNA"IY. The primary structures  are deduced from the DNA se- 
quence and shown in the normal tRNA cloverleaf secondary struc- 
tures. 

similar (30). In addition, the tRNAH" and tRNAM"' genes code 
for GI6 and Ale, respectively, rather  than Y16; and the tRNA"'" 
gene codes for &*, rather  than  the Y48 which is normally part 
of the correlated semiconserved pair R15-Y4". Finally, the 
tRNAHi", tRNAM"', and tRNA';'" genes code for U or C ~ R ,  
rather  than Ria. 

Sequence Homology with tRNAs from Other Organisms- 
The sequence homology of the six tRNAs from the BS9 
fragment of E. gracilis chloroplast DNA to  the corresponding 
tRNA species from higher plant chloroplasts, E. coli, mito- 
chondria, and mammalian cytoplasm is shown in Table I. The 
same comparison was previously made for seven additional 
Euglena chloroplast tRNAs (6). Some generalizations may be 
made about the relatedness of Euglena chloroplast tRNAs to 
those encoded in other genomes. First, in most cases, Euglena 
chloroplast tRNAs are most closely related to  the same  tRNA 
species from plant chloroplasts. For the eight possible  com- 

GATCL 

-c 
"ismatch 
-A 

-A 

"c 

-T 

of the tRNAM"'. The DNA was 5"end labeled at  the  Hino cleavage 
FIG. 6. Autoradiogram of a 20% sequencing gel of a portion 

site in the anticodon stem. The  data  are for the tRNA-like strand of 
the gene. The G-base-labeled Mismatch is G:w, which is opposite A:I~ 
of the HinfI cleavage site in the normal tRNA cloverleaf secondary 
structure. 

TABLE I 
Sequence homologies h e r  cent)  between tRNAs specific for  the 

same  amino  acid 
Most sequence data  are from Ref. 23. Only tRNAs with the  same 

anticodon are compared. 

E. grac"' Plant ~ " 0 -  E. coli  siae mito- Inns mito- cytoplasm 
S. cereui- A. nidu- Mammal 

chloroplast roplast  chondria chondria 

TYr 64 42 

Tw 8 8 h  66 47 49 56 

His 74" 70 58  47 
Met 5gh 70 42  55 

Glu 78 58 62 
Glv UCC 62 53 51 

" Chloroplast from maize. 
Chloroplast from spinach. 

parisons between Euglena and  plant chloroplast tRNAs (Ta- 
ble I and Ref. 6), the average primary sequence homology is 
76%, with a range of 49-93%. Second, the Euglena chloroplast 
tRNAs  are next most similar to procaryotic tRNAs. The six 
tRNAs of BS9 have an average sequence homology of 68% 
with the same species from E. coli. The average for 12 Eu- 
glena chloroplast tRNAs  (Table I and Ref. 6) is 70%, with a 
range of 62-78%. Third,  the homology of chloroplast tRNAs 
to  those of the mitochondria and cytoplasm of eucaryotes is 
much  lower than  the homology to procaryotic and  other 
chloroplast tRNAs. Additional analysis of the tRNA cluster 
DNA sequence data is presented in the Miniprint Supplement 
to  this paper. 
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Materlaln: II-'~PIATP ~3000Ci/mole) was Obtained  from  New  England 
NYCleaZ and hmersham. T-4 polynucleotide  kinase was purcha~ed  frm ?TEN and 
New England Biolabs. Restriction  endonucleases were also purchased from New 
England Biolabs. Lar melting point agarose, a g ~ o x e ,  and E. a alkaline 
obtained from Fisher,  Kodak  and Polysciences.  Dimethyl *+fate was a l w  from 
Phosphatase were purchased from Sigma. Mrylamide and bis-aorylanide were 

Xodak. Hydrazine  and  piperdlne were from Baker. P01ypropylcr.c  collloy~s with 
fiberglass  dxsks were purchased from  Isolab, Inc. 

EXPERIMENTAL PROCEDUWS 

Plasmld  DNA  Construction,  Isolation  and 'Lapping: The  plasmid pPG76 was 

Constructed by dlgeoting Evqlena chloroplast DNA and pBR322 ( 3 3 )  with Bpm 8-I 
and I. The  products were ligated wlth T-4 DNA ligase and transt0-d 

were selected by replica plating. Sizes  of  the  inserts e r e  detemined by 
Into E_. HBlOl (34). Ampiclllln  TeSIStant,  tetracycline  sensitive clones 

restriction  endonuclease  digestion  and  gel electrophoresis. plasmid DNA yds 
isolated by the cleared lydate method ( 3 5 1  and  purified by ethidium brodde- 

cesium  chlorlde density centrlfugation ( 3 6 1 .  Restriction  endonuclease diges- 
tiona and electrophoretic  techniques were perforned ais previously  described 

ded by New England Biolabs. 
123,241. Salt concentrations used for the endonucleases were those rec-n- 

ual DNA fragments. Initially, fragments were purified from low melting p i n t  
agarose gels.  The  gel  slice  containing the fragment was melted in buffer. 

Purification  of MIA Fragments: Three  methods were used to  purify individ- 

The  TeSYltlng  Solut10n was extracted once with  phenol and twlce  with ether. 
The DNA Yae collected  from  the  aqueous  phase by ethanol precipitation. DNA 
fragments were also purified by an adaptation  Of  the 'Laxam-Gilbert crush and 

soak  Procedure 112). Instead Of fllterinq the acrylamide solution throuqh 
glass W O l ,  the acryl-lde Was Pelleted by centrifugatron. and the llquld was 

graV1t-Y frltered through  POlypropylene ColVlonP (ISolabl plugged wrrh glass 
fiber disks. DNA fragments were also eluted  from gels electrophoretically 
1 3 1 1 .  

m: The reactlon mlxture  COnSISted Of 20 yM [y-'2p]~~p (3000 

m O l e l  2-8  mole DNA that had been prevl~usly treated wlth bacterial =lka- 
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line phosphatase, 2.5 units  Of T-4 polynucleotide  klnase, 5 0  W Trip (pH 1 . 6 1 ,  

10 mM EqCl , 5 W DIT, 0.1 W spernldine,  and  1 mM EDTA. The  reaction was 

allowed to proceed at 37-C for15 min. Another 2.5 units of enryrne yere 
added and the  reactlon was continued at 37-c for 15 mi". The mixture was 

then heated to 68.C to inactivate the kinase. Alternately, 75  picomoles  of 
[T-'~PIATP and 20 units Of klnase in the same reaction  mixture e r e  incubated 
at 37.C for 90 mi". 

m l t s  phosphatase  in  10 mM Tris  (pH 81 for 45  min at 68'C. The  phosphatase 
was inactivated by phenol extraction. The DNA was collected by ethanol pre- 
cipitatlon. 

Phosphatase  ReaCtlM:  DNA  (20-200 pm 5"ends) was incubated with 0.01 

Sequence Malysis: Sequencing wae carried  out v ~ a  the method of wxam 
and Gilbert (12). 

SUPPLEMENTARY  RESULTS AND DISCUSSION 

loci: El-Gewely et al. (3) recently reported a X I/& I map  Of the Ec0 x 

X Of  the  bacillaris strain is the same sire as E V of the 2 strain. It 
fragment  Of  chloroplast DNA of the  bacillaris Strain of Euglena gracilis. e 

also has the 8- chloroplast  DNA  map location and Internal + I1 cleavage 
slte as BZ v. e x maps  within a n 1 - x  I fraqment equ~valenr to B S ~  

( 3 )  and hybridizes  wlth  chloroplast tRNAs. It is likely that e v of the 
2 straln and e X of  the  baclllarls strain are the same DNA. It has been 
proposed that a l l  of the  signiflcant  differences between the chloroplast 
DNAs Of Euglena  yracllis L and bacillaris occur in the  rRNA  Codlng reglon 
(14). SurDrisingly,  the  rePtriCtlOn nuclease nap and the  tRNA codlng region 

by El-Gewely et al. 13)  for X do not agree wlth OUT data on e 

Conparison  of  Euglena  gracilis  strain 2 and strain  baclllar~s  tRNA coding 

v. we obtalned a different arrangement Of X I fragments. although  the 
number of cleavage  sites  and fragment sizes were the same. Another differ- 
ence 1s that  the X tRNA coding locus was mapped to a single  120 
nucleotide I fraqment,  which  is  only large enough for one complete tRNA 
gene, as opposed  to  the 551 base palr reglo" of Ec0 V. Also. no tRNA hybrid- 
ization was described  for e H  Of  baclllarla  chloroplast DNA ( 3 1 ,  w h x h  IS 
probably Identical  to e H Of Z strain chloroplast DNA. In our study, we 
have mapped  the X I alten  without  amhlgulty, and confirmed the location Of 
tRNA genes and most cleavage  srtes by DNA sequence analysis. Elther the 
Z strarn and bac~lldrls chlorOplaSt  DNAs  are wre different than PrevlDuSlY 
believed. or the  analy818 Of tRNA  coding  loci  for  the  region Of bacillaris 
DNA corresponding to BS9 needs to be re-evaluated. 


