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　　Abstract　　Bleached mutants of E uglena gracil is were obtained by t reatment w ith ofloxacin (Ofl)and streptomycin (Sm)respec-
t ively.As show n by elect ron microscopy , the residual plastids contain prothylakoids in an Of l mutant , and the highly developed and tight ly

stacked memb ranous structure found in cells of tw o Sm mutants.Nine genes of the plastid genome w ere examined w ith PC R , show ing

that ribosomal protein genes and most other plastid genes were lost in all but one Sm mutant.Using dif ferential display and RT-PCR , it

w as show n that chloroplast degeneration could cause changes in t ranscription of certain nucleus-encoded genes during heterot rophic grow th

in darkness.
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　　Eug lenoids are a g roup of single-celled and f lag-
ellated algae.Their chloroplasts have 3 layers of en-
velope membranes , chlorophyll a and b , and are

thought to have originated f rom secondary symbiosis

of a single-celled g reen alg a[ 1 , 2] .When treated by

some mutagens , antibiotics or environmental factors ,
Euglena gracilis could permanently lose its chlo ro-
plasts and produce bleached mutants , even though

most of them still retain residual plastids and partial

plastid genome[ 2～ 4] .Such bleaching mutations led to

the origin of some colorless saprophytic species , fo r

example , Astasia longa , a close relat ive to E.gra-
cilis , w hich retains merely half of the plastid DNA

and loses all pho tosynthetic genes except rbcL
[ 5] .

Like higher plants , chloroplasts of euglenoids are

unable to form thylakoids and photosynthetic systems

and present as proplastids in complete darkness , re-
gain thylakoid membrane when transferred back to

the light[ 6] .Residual plastids , usually resembling

proplastids of the w ild type , produce only prothy-
lakoids w hen induced by light.Some whorl-like

membranous st ructure w ould appear at an early stage

of the biogenesis process[ 7] .Most genes that deter-
mine photosynthetic systems and biogenesis of chlo ro-
plasts are located in nuclei , regulated by light and the

plastid status.Loss of plastid function in euglenoids

may affect the expression of some nucleus-encoded

photosynthetic genes.Fo r instance , genes petJ and

psbO are not t ranscribed in an of lox acin (Ofl)-in-
duced mutant in the light[ 8] .How ever , there is no

conclusive study on w hether loss of plastid DNA af-
fects the expression of nuclear genes in darkness.In

this study , elect ron microscopic observations of an

Of l- and two st reptomycin (Sm)-induced bleached

mutants showed the presence of plastid remnants in

cells , and especially , a type of tightly stacked mem-
branous st ructure in Sm mutants.Using a method of

m RNA differential display , we proved that deletions

in plastid genome of Euglena could influence the

t ranscription of some nuclear genes in darkness.

1　Materials and methods

1.1　Strains and culture condi tion

E .graci lis FACHB47 w as obtained from the

Freshw ater Algae Collection of Institute of Hydrobiol-
ogy and its axenic monoclones were derived by serial

dilution and plating.Euglena cells w ere g row n in

Polytomella medium
[ 9]

under the condition of 14h/10

h light (1000 lux)/dark or complete darkness at

25 ℃.Solid plates w ere supplemented wi th 1.2%
agar.

1.2　M utant select ion and electron microscopy

Of lo xacin or st reptomycin t reatment of E .gra-
ci lis and selection of mutants were performed as de-



scribed previously[ 3 ,10 , 11] , but Polytomella liquid

medium w as used instead.Briefly , of lo xacin- o r

streptomycin- treated cells were spread on agar plates

w ith Poly tomella medium (1.2% agar).After about

7 days , w hite colonies w ere picked and transferred to

fresh liquid medium.Those clones show n to be stable

by repeated t ransfer and plating were selected for fur-
ther studies.The f ixation and preparation of samples

for transmission electron microscopy w ere performed

as the procedure described in Ref .[ 12] , observations

w ere carried out on a Hitachi H-7000 FA electron mi-
croscope and micrographs w ere taken.

1.3　Examinat ion of plastid genome wi th PCR

A previous procedure[ 13] w as follow ed for to tal

DNA exaction.Nine pairs of PCR primers fo r Engle-
na chloroplast genome are listed in Table 1.The PCR

amplification w as started w ith denaturation at 94 ℃
for 5 min , follow ed by 30 cycles of 1 min at 94 ℃,
55 s at 58 ℃ and 55 s at 72 ℃, and a final extension

of 7 min at 72 ℃.PCR products w ere detected with

1.6% agarose electrophoresis.

Table 1.　S equences of primers(5′※3′)

16srRNA-1 gtggtgcatggctgtcgtca

16srRNA-2 cacct tccagtacggctac

rpoB-1 gaaatgcttaggcctatccc

rpoB-2 accctaaagcgacctact tc

psaA-1 ggagatct tgtggtat tacatctg

psaA-2 accataaaccacccgttac

psbD-1 tggt tcgacgtagcagacga

psbD-2 tgaaactgctgctgtcaaag

rps9-1 t tgtccagt tctt t tgaggg

rps9-2 ggtattactcggtcataacgct

rpl16-1 gtcctaagcgaacgaagt tt c

rpl16-2 ccaaccaggctctaatgat tg

rbcL-1 caagtggtgtgcgtt tgcag

rbcL-2 caaatccacacggcaggaac

atpE-1 tcgtt t tt ggggat t tt at tctc

atpE-2 ct t taagaacccccatctgacc

rpl32-1 ggcggttccaaaaaagaaaatgtcca

rpl32-2 ctat tgtggtaatt tgtctcc

actin-1 gtgcttctcacagaggca

actin-2 aactgcctgaatgctgaca

WD1-1 tctacgcgtggtgcctgg

WD1-2 gagaagcaggccat tcac

WD10-1 t tggcgctgttgtgt tgg

WD10-2 agagaaagatggtggtga

WD12-1 agaagaccgcaagcccag

WD12-2 gggacaagagtcaagttgaaagtgaacaagcga

linkerB-1 t tt t tgtagacattctagtatctcgtcaagtcggaagggacatg

linkerB-2 tccct tccgact tgacgagatactagaatgtctacaa

PrimerA gtagacattctagtatctcgt

D1 t tt t tt t tt tt t tt tcag

To be con tinued

Continued

D2 tt t tt tt t tt t tt tt ctg

D3 tt t tt tt t tt t tt tt cac

D4 tt t tt tt t tt t tt tt ctc

D5 tt t tt tt t tt t tt tt cca

D6 tt t tt tt t tt t tt tt cct

D7 tt t tt tt t tt t tt tt ccg

D8 tt t tt tt t tt t tt tt ccc

D9 tt t tt tt t tt t tt tt cga

D10 tt t tt tt t tt t tt tt cgt

D11 tt t tt tt t tt t tt tt cgg

D12 tt t tt tt t tt t tt tt cgc

1.4　Selective dif ferential display of 3′-end rest ric-
tion f ragments of cDNA

Total RNA w as prepared from the w ild type E .
gracil is and its bleached mutants by a method of

Guanidine/phenol-chloroform extraction(Liu , 2000 ,
ht tp://mutant .lse.okstate.edu/ chunming/ ara-
bidopsisrna.html).mRNA w as isolated with PolyA-
Tract mRNA Isolation Sy stem III system Kit

(Promega).

The first strand of cDNA w as synthesized w ith

biotiny lated polyT and SuperScript II reverse t ran-
scriptase (Gibco BRL Life Technologies), the second

st rand of cDNA was synthesized using RNase H and

DNA polymerase I.The double-stranded cDNA was

completely digested wi th Nla III (New England Bio-
labs) and adsorbed with st reptavidin-paramagnetic

particles (SA-PMP)(Progema)to purify the bio tin-
labeled 3′-end cDNA fragments , w hich were then lig-
ated with a linker , rinsed w ith 50μL of 0.1×SSC

and resuspended in 25μL of ddH2O .The linker was

designed according to linker B described for serial

analysis of gene expression (SAGE)
[ 14]

.One micro-
li ter of suspension of paramagnetic particles w as used

in PCR w hich consisted of 30 cycles of 30 s at 94 ℃,
45 s at 42 ℃ and 50 s at 72 ℃.The selective primers

(dT15)CNN and primer A are listed in Table 1.PCR

products generated wi th different pairs of primers for

both wild type and the Ofl mutant were compared af-
ter separation on 2% agarose gel.Differentially ex-
pressed bands were purif ied , re-amplif ied , cloned into

pM D18-T vecto r(Takara)and sequenced.

1.5　RT-PCR

cDNA from both w ild type and mutants grow n

under conditions of light/dark or complete darkness

were used for PCR amplif ication.The 3 pairs of PCR

primers designed according to the sequencing results

of dif ferentially expressed cDNA are listed in Table 1.
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Act in gene of E.gracilis w as used as a control to ad-
just the initial concentration of template to nearly the

same level.cDNA samples were then serially diluted

in 2-fold and used for PCR.The profile of PCR con-
sisted of 30 cycles of 55 s at 94 ℃, 55 s at 42 ℃ and

150 s at 72 ℃.

2　Results and discussions

2.1 　Elect ron microscopic observations of mutant

cells

In our previous study , the absence of chloroplast

in an Ofl-induced mutant w as noticed under light and

fluorescence microscopes[ 11] .In this art icle , five sta-
ble bleached mutants of Euglena graci lis w ere ob-
tained by t reatments wi th Olf and Sm respectively.
Neither chloroplast st ructure under the light micro-
scope no r red chlorophy ll auto-fluorescence under the

fluorescence microscope w as found in the ten mu-
tants.However , using t ransmission elect ron mi-

croscopy , residual plastids and a plenty of paramy lum

were found in one Of l and tw o Sm mutants grow n

under light/dark conditions (Fig.1).Residual plas-
tids of the Ofl mutant are usually close to mitochon-
dria , inside w hich are peripherally arranged pro thy-
lakoids.Besides a large quantity of paramylum , there

are also some homogeneous and dark stained part icles

in the cells.Fo r the tw o Sm mutants , there are high-
ly developed and tightly packed membranous struc-
tures that are single- or multi-centered and occupy

most space wi thin the region confined by the envelope

of residual plastids , but there are very few homoge-
neous and dark stained particles in cells.Such ex-
t raordinary membranous st ructures have no t been de-
scribed in any previous literature , and are distinctive

f rom the w horl-like membranes in bo th size and

st ructure.Their identity and biogenesis process aw ait

further investigations.Under the same conditions ,
fully developed chloroplasts and few er paramylon par-
ticles w ere found in the w ild type cells (data not

show n).

Fig.1.　Transmission elect ron microscopy of bleached m utants.(a)Ofl1;(b)Sm 1;(d)S m5;(c)and (e), the highly developed and

stacked membranous st ructu re.Arrow s point to residual plastids.M , mitochondria;N , nucleus;P , paramylum.

2.2　Genomes of residual plastids

DAPI staining method could be employed to vi-
sualize plastid DNA of colorless saprophy tic Astasia

longa , but no t that of Of l mutants
[ 11]

, w hich could

be due to absence of or quite a low copy number of

plastid DNA.Current ly , the sequence of chloroplast

genome[ 15] of Euglena gracil is has been available ,
and the extent of loss of plastid DNA could be well

evaluated by PCR method.Nine genes in the ci rcular

chlo roplast genome were chosen and PCR primers

were designed.Using these primers and total DNA of

w ild type cells as the tem plate , sing le bright PCR

products of predicted sizes w ere produced for each of

the genes.Detection of 5 Ofl and 5 Sm mutants w ith

PCR showed that one mutant , Sm5 , retained 16S

rRNA gene , and psbD , psaA , rpl16 , rps9 and
rpoB genes , w hile the rest mutants retained 16S
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rRNA gene and the rpoB region but lost genes rpl3 ,
rbcL and atpE (Fig .2).In the plastid genome of

Euglena gracilis , 16S rRNA gene and rpoB are nex t

to the replication origin , therefore retained in most

mutants.In a previous report , Southern blot hy-
bridization result also show ed the presence of riboso-
mal RNA gene region.An extra band was produced

in PCR for 16S rRNA gene , w hich w as show n to be

an unspecific product by sequencing .Out of the 10

bleached mutants , residual plastids were found in

Ofl1 ,Sm1 and Sm5 in the above elect ron microscopic

observat ions.Comparison of Sm1 and Sm 5 seemed to

indicate that there is no direct relationship betw een

the form ation of tightly stacked membranous st ruc-
ture and the extent of deletions in plast id genome ,
w hile com parison of Sm1 and Ofl1 indicated that the

arrangement of membrane could be dif ferent f rom

each other given that bo th have a high extent of dele-
tions in plastid genome.Genes rpl16 , rpl32 and

rps9 encode proteins of the large or sm all subuni t of

ribosome respectively , the absence of these genes pro-
vided indirect evidence that there is no functional ri-
bosome and protein synthesis in the residual plastids ,
therefore the replication of plastid and i ts DNA should

completely rely on nucleus-encoded genes.

Fig.2.　Tests of plastid genome with PC R.1 , wild type;2～ 6 ,

streptomycin-bleached mutants Sm 1 ～ 5 respectively;7 ～ 11 ,
of loxacin-bleached mutants Of l1～ 5 respectively.

2.3　Differential expression of nucleus-encoded genes

It has been documented that some photosynthe-
sis genes are incapable of light-induced expression in

bleached mutants of E .gracilis
[ 6]
.The residual

plastids of mutants in this study lacked certain riboso-
mal protein genes;therefore , even under complete

darkness they should be substantially different f rom

the proplastids of w ild type cells.Accordingly , cer-
tain nuclear genes could be altered in their expres-

sion.To look for evidence for dif ferential expression

of nuclear genes , w e used purified poly-adenylated

m RNA to conduct reverse transcriptions and com-
pared the transcriptional level in wild type and mutant

cells.With some modifications of a procedure for dif-
ferential display of 3′-end cDNA fragments , some

PCR fragments of presumptively differentially ex-
pressed genes were detected direct ly by electropho re-
sis on agarose gel and EB staining (Fig .3).These

DNA fragments were excised , purified and re-ampli-
fied , then followed by cloning and sequencing.Ac-
cording to their sequences , primers w ere designed for

f ragments WD1 , WD10 and WD12(Fig .3)to evalu-
ate their t ranscript ional levels wi th semi-quantitative

RT-PCR , that is , to make com parisons by conduct-
ing PC R with serially diluted cDNA templates.The

results show ed that w hen both are grow n in dark-
ness , the t ranscriptional level of some genes w ere re-
markably elevated in mutant Of l1 compared to that in

w ild type (Fig.4).Similar results w ere obtained

w hen both w ere grow n under light/dark condi tions

(data not show n), hence the effect of residual plas-
tids on the t ranscriptional activi ty of these genes was

independent of light induction.To exclude the possi-
bility that mutat ions in nuclei or mitochondria that

might have arisen during ofloxacin treatment changed

the expression of some genes , the t ranscriptions of

WD1 , WD10 and WD12 w ere examined in the o ther

two independent mutants Sm 1 and Sm5 and show ed

comparable results.The transcription of WD1 in mu-
tant Sm5 w as seemingly lower than o thers.Whether

it is due to certain difference in plastid DNA aw aits

further investigations.Because the t ranscription of

genes underwent similar changes in 3 independent

mutants , we conclude that the bleaching mutat ion of

plastid w as the direct cause for such changes.If mo re

selective primers , e.g .(dT15)GNN and (dT15)
ANN , were applied in our research , one can expect

that more differentially expressed genes would have

been identified.Because genes in Euglena are also

regulated at t ranslational and post-t ranslational lev-
els[ 8] , change of transcription of certain genes might

have ref lected only one aspect of regulato ry ef fects on

nuclear genes exerted by plastids , hence the general

differences of gene expression could be much more re-
markable.The accumulation of large quantity of

paramylum in mutants also reflects overexpression of

genes involved in relevant synthesis process.Based on

the results of this study , it is predictable that if

st reng th of antibio tic t reatments is further reduced ,
some mutants with deletion of a small portion of plas-
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Fig.3.　Dif ferential display of 3′ends of cDNA.Marker , 200bp DNA ladder;W and M , wild type and mutant Ofl1 respectively;D1～

D10 , selective primers , sequences are listed in Table 1.Arrow s point to fragments of W D1 , WD10 and WD12.

tid DNA or w ithin a sing le gene could be obtained.
By relating mutations in plastid genome to light-in-
duced biogenesis of plast id and expression of nuclear

genes , a research model might be developed from eu-
g lenoids for nucleus-plastid signal transductions and

plastid biogenesis.

Fig.4.　The t ranscript ion of act in(a), W D1(b), WD10(c)and

WD12(d)of E ug lena graci li s in complete darkness as show n w ith

semi-quant itative RT-PCR.cDNA from wild type and mu tants

were serially diluted by 2 fold for PCR ampli fication.1 , w ild type;

2 , Ofl1;3 , Sm 1;4 , Sm5.
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