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Abstract 

The present study aimed to evaluating the effect of chloramphenicol (CAP) and 

copper (CuSO4) on the cell ultra-structure of Scenedesmus sp. Three different 

concentrations of CuSO4 (10
-3

, 10
-4

, 10
-5 

M) and two of CAP (0.25 and 0.5%) were added 

to exponentially growing algal culture (10
7 

cells ml
-1

) for 24 hrs. Cells treated with 10
-3

 M 

CuSO4 and 0.5% chloramphenicol which gave high amount of cell lyses were chosen for 

examination by electron microscopy. Transmission electron microscopy photographs of 

Scenedesmus cells treated with CuSO4 showed deformation of the chloroplasts, while 

numerous vesicles were observed in the cytoplasm. The three–laminar sheath (TLS) and 

the reticulate layer (RL) had no differences in comparison with control. On the other hand, 

tubular spikelets had no distinct shape compared with the control. The inner layer of cell 

wall (cellulose layer) showed shrinkage in thickness. Moreover, cells treated with 0.5% 

CAP showed that chloroplast thylakoids were reduced in size and number, 

disorganization, shrinkage in all protoplasmic components and increasing in the number of 

vacuoles and cellulose layer thickness. These results may help in understanding the effect 

of some toxins such as antibiotics and heavy metals on the cell structure of microalgae.  
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Introduction 

Uptake of a metal into algal cells is considered to be a two-part process. 

Firstly, fast metal adsorption to sites on the exterior of the cell membrane occurs; 

and secondly the internalization of the metal across the cell membrane.  It is 

hypothesized that metals internalization occurs via ion pores, channels or 

transporters in the algal cell membrane (Campbell, 1995 and Levy et al., 2007). 

Anthropogenic water pollution products challenge to the survival of 

phytoplankton populations. The research on the effects of toxic wastes upon 

aquatic ecosystem has resulted in an extensive scientific literature which has 

given a quite useful; if not complete understanding on the subject 

Chloramphenicol (CAP) and copper sulphate (CuSO4) represent toxic components 

for phytoplankton.  
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The ultrastructure of the wall layers and ornamentative features of two 

Scenedesmus species were described using scanning electron micrographs by 

Staehelin and Pickett-Heaps (1975). Zbigrew and Jerzy (1995) illustrated the 

sensitivity of three Scenedesmus strains exposed to aqueous fuel-oil extract is 

strongly strain-dependent: S. quadricauda is the most resistant. S. armatus 

moderately tolerant whereas, the most sensitive appears to be S.  microspina.  

Chloramphenicol has a neutral pH, so it is able to move freely through 

cell membranes and into vital organs, which makes it chemically flexible and able 

to attack a wide spectrum of bacteria, for that it is a powerful antibiotic against 

strong antibiotic-resistant bacterial strains. The eukaryotic cells, most likely to be 

inhibited by CAP are those undergoing rapid multiplication, thereby rapidly 

synthesizing mitochondria. Lai et al. (2009) investigated the growth inhibition 

effects of three phenicol antibiotics chloramphenicol, florfenicol, and 

thiamphenicol on Chlorella pyrenoidosa and two marine algae, Isochrysis 

galbana and Tetraselmis chui. They found that CAP was more toxic to Chlorella 

(EC50, 14 mg l
-1

) than florfenicol (215 mg l
-1

) and thiamphenicol (1283 mg l
-1

). 

On the other hand, copper like other trace elements, is required by plants 

and microorganisms as an essential micronutrient. However, at concentrations 

slightly higher than those required for growth, it becomes toxic to most life forms. 

The toxicity of copper to algae varies with environmental conditions (temperature, 

pH, alkalinity, etc.), algal species or strain, physiological condition of the 

organism, culture medium and also with the copper forms (Schauber-Berigan et 

al., 1993; Fargasová et al., 1999; Franklin et al., 2002).  

The  purpose  of  the  present  study  was to  identify  changes  in the fine  

structure of Scenedesmus cells as a  result  of exposure to chloramphenicol and 

copper sulphate treatments.  

Materials and Methods 

Test organism and culture conditions 

Scenedesmus sp. (Chlorophyta) was selected as the test organism. It was 

isolated from the River Nile water, Egypt and cultured in the laboratory in BG 11 

culture medium. The pH of the culture medium was adjusted to 7 using NaOH-

HCl (0.1 N). The cultures were illuminated with fluorescent light giving 2600 Lux 

for 16 h daily at 27± 2°C for 31 days incubation period, this culture represent the 

control.  
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Experimental design 

Ten ml exponentially growing culture with cell number 10
7 

/ml of 

Scenedesmus sp. was supplemented with 1 ml of 10
-3

, 10
-4

 and 10
-5

M of Cu from a 

freshly prepared stock solution of analytical grade CuSO4. Treatment with 

chloramphenicol takes place by adding 1 ml of 0.25 or 0.5% CAP to 10 ml of 

culture and the culture was incubated for 24 hrs under the conditions described 

above. Thereafter, the cells were harvested by centrifugation at 3000 rpm for 

about 20 minutes. The most effective concentrations (10
-3

 M CuSO4 and 0.5% 

chloramphenicol) on the algal culture, which change its color from dark green to 

yellowish green, were examined by electron microscopy. 

Transmission electron microscopy 

For electron microscopy, cells were fixed by immersion in 1% potassium 

permanganate solution, and then the fixed specimens were dehydrated through a 

graded ethanol series of 30, 50, 70, 90% and finally absolute ethanol. The 

absolute alcohol was replaced by propylene oxide via a stepwise series of ethanol: 

propylene oxide 2:1, 1:1 and 1:2, and finally maintained in pure propylene oxide. 

Dehydrated specimens were embedded in an epoxy resin and stored in clean 

syringes at 4°C and allowed to attain room temperature before use. They were 

infiltrated with the resin mixture, embedded in pure resin for 1 hour at 40°C to get 

rid of any residual propylene oxide and the resin was polymerized at 60°C for 48 

hours and then allowed to attain room temperature. The sections were double 

stained in uranyl acetate followed by lead citrate, (Reynolds, 1963). Stained 

sections 1 µm thick, were examined with a JEOL 1010 Transmission Electron 

Microscope at the Regional Center for Mycology and Biotechnology (RCMB), 

Al-Azhar University, Cairo, Egypt. 

Results  

The general view of coenobium under light microscope showed that the 

population of Scendesmus sp. (Fig.1A) was composed of unicells, 2-celled 

coenobium and 4- celled coenobium.  

Transmission electron microscopy (TEM) photographs showed that, at 

low magnification 15000× (Fig. 1B), control coenobium cell have typical 

organization; nucleus, cytoplasm and the cell wall which composed of normal 

inner and outer layers. The inner layer is amorphous cellulosic layer and the outer 

layer is connected firmly to the outer surface which composed of several sub-

layers including three –laminar sheath (TLS). 
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Figure (1): A) Light microscope view at 100× showing Scenedesmus sp. coenobium 

(control); B) Electron microscopy photo at 15000× shows typical organization of 

control cell; N= Nucleous, P= Pyrenoids, RL= Reticulate layer, PP= poly phosphate 

bodies. C) Electron microscopy photo at 50000× shows the tubular spikelet, TLS= 

Three laminar sheath, H= Honey comb structure, RL= Reticulate layer and C= 

Cellulose layer 

The whole coenobium was enclosed with a loosely fitting epistructures 

called reticulate layer (RL), spatially from three laminar sheath (TLS), it is 

supported by propping spikelets (arrows), the chloroplast have distinct thylakoids 

with one pyrenoid (P). Fig. (1C- 50000×) showed the tubular spikelet and the 

cellulose layer (C), with constant thickness all over the cell wall, honey comb 

structure (H) is present and also some storage granules.  

The present study showed that treatment with 0.5% chloramphenicol 

resulted in shrinkage of all protoplasmic components of the cell and increasing in 

number of vacuoles, while, spikelets were not appeared as tubular compared to the 

control (untreated culture)(Fig. 2 A and B).  

The ultrastructure organization showed that the chloroplast was deformed 

detachment of the cell membrane from the cell wall was frequently observed in 

stressed cells, especially those going through necrosis of the space between the 

cell wall and the cell membrane (Fig. 2 A). The RL is still present and there is no 

change in cell wall structure. The accumulation of chloramphenicol takes place 

inside the protoplasm of the cell and away from the cell wall (Fig. 2 B). 
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Figure (2): A) Electron microscopy photo at 12000× shows 0.5% Chloramphenicol 

treated cells, the vacuolations and cell wall structure; B) Electron microscopy photo 

at 15000× shows no difference in cell wall and shrinkage of all protoplasmic 

components, and disorganization of chloroplast 

 

Figure (3) shows the different effects of Cu treatment at concentration of 

10
-3

 M, it illustrated that CuSO4 at this concentration increase the number of 

vacuoles as well as the thylakoids damage and the chloroplast deformation (Fig. 

3A). Meanwhile, fig. (3B) illustrated that Cu accumulated inside the protoplasm 

of the cell and under the cell wall layers. Fig. (3 C magnification 40000×) showed 

that TLS layers and RL did not show differences in comparison to untreated 

culture.  While, tubular spikelet have not distinct shaped such as control cell, the 

inner layer of cell wall (cellulose layer) showed shrinkage in thickness all over the 

cell wall. Apparent changes in cell ultrastructure after the uptake and 

internalization of copper were an increase in the number and size of vacuoles.  
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Figure (3): Copper sulphate treatments; A) Electron microscopy photo at 20000× 

shows vacuolations and damage in thylakoids at 10
-3

 M CuSO4; B) transverse section 

of the 4-celled coenobium at 8000× shows the sites of Cu accumulation, and C) 

magnification at 40000× shows the changes in cell wall and epistructures and the 

spikelet (S) 

Discussion 

The two layers of cell wall observed in the study; cellulosic layer and 

TLS are present in different species of Scenedesmus. Zbigrew and Jerzy (1995) 

illustrated the cell wall structure of three Scenedesmus strains and found that the 

cell wall of these strains is built up of the two layers. 

Taylor (1963) illustrated considerable difference between various 

organisms (Scenedesmus quadricauda, bacteria and Chlorella) and higher plant 

tissues in the concentration at which chloramphenicol inhibitions occur. 

Chloramphenicol acts as bacteriostatically and prevents the synthesis of proteins 

by binding onto ribosomes in the same place and mRNA binds to ribosomes. The 

response of Scenedesmus quadricauda occurred at the same concentration as for 

bacteria, while, higher plant tissues and Chlorella response is different.  These 

differences might be due to differences in permeability to chloramphenicol which 

might operate through differences in the proteins or lipids of the plasma 

membrane, or be due to differences in the site of chloramphenicol binding.  

Zhang et al. (2013) Illustrated that the growth and Chlorophyll-a 

syntheses of Scenedesmus obliquus were more sensitive in response to CAP 

exposure than that of Chlorella pyrenoidosa. The present results showed damage 

in thylakoids and chloroplast deformation these result agree with Smith-
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Johannsen and Gibbs (1972). They indicated that, in CAP-treated cells the total 

number of thylakoids per chloroplast section was markedly reduced. Since the 

chloroplasts of the CAP-treated cells relatively increased in size, there was also a 

marked reduction in thylakoid size in the drug-treated cells. Also, they illustrated 

that chloramphenicol, which selectively inhibits protein synthesis on organelle 

ribosomes’ affect on the ultrastructure of the chloroplast and mitochondria of 

Ochromonas danica and also affect on the number and organization of internal 

organelle membranes during light-induced chloroplast development. Goran et al. 

(2001) determined the effect of chloramphenicol in concentrations of 66, 100, and 

250 mg l
-1

 upon the symbiosis between Hydra and Chlorella which lives inside 

the myoepithelial cells of gastroderm of Hydra, they observed changes in algal 

position, structure and ultrastructure, in some algae. The ultrastructure was 

completely destroyed with higher concentrations. Their chloroplasts, 

mitochondria and other organelles were completely destroyed. The detachment of 

the cell membrane from the cell wall might be due to the degradation products of 

cellular constituents, or simply some extracellular substances produced by cells 

because algae are known to increase the production of organic substances under 

stress, which filled the cellulosic layer (Maršalek and Rojıcková, 1996; Mishra 

and Jha, 2009).  

Many of the ultra structural changes observed in this study after the 

uptake and internalization of copper were an increase in the number and size of 

vacuoles are similar to changes reported for heavy metal exposure (Levy et al., 

2008). They demonstrated that Tetraselmis sp. and Dunaliella tertiolecta cells did 

not change in size, but had increased number of vacuoles with larger sized. Saçan 

et al. (2007) observed an increase in vacuolization and polyphosphate bodies in 

Dunaliella tertiolecta exposed to lead and aluminum and an over accumulation of 

starch. Scenedesmus sp. cells were a little more resistant to the presence of copper 

in solution but analogously were completely inhibited by the presence of copper 

at 4.5 mg l
-1

 (Amado et al., 2009). Słowik and Pawlaczyk-Szpilowa (1979) 

found that copper in the concentration of 1 mg l
-1

 caused the decrease of the total 

protein and the growth of the population as well as the destruction of histons, 

peptides chains and vacuolization of cells. Levy et al. (2008) and Salah El Din et 

al. (2009), found that neither visible deterioration nor damage to the outer plasma-

membrane of treated cells. They noticed no damage to thylakoid membranes of 

the chloroplasts, while my results showed complete damage in the shape and 

organization of thylakoids. Nacorda et al. (2007) illustrated that ultrastructure 

alteration in the shape and organization of thylakoids affect on the photosynthetic 

apparatus. Chloroplasts and their arrangement represent a common target of toxic 
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substances in algae and higher plants, dense bodies which occupied by electron 

microscopy representing opaque precipitates of Cu this agrees with Zhang et al. 

(2002), which found that Ni accumulate by the same pattern as our conclusion on 

copper. 

The results presented in this paper support the conclusion that Cu and 

CAP were toxic to some aquatic organisms in these concentrations and their effect 

on the cell concentrated on the effect on cell wall structure, and photosynthetic 

apparatus (chloroplast and thylakoids). 
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 السنديسمس خليةل التركيب الدقيق علىالنحاس و الكلورامفينيكول تأثير

 د سالمألفت معتمد عبد الحمي

 جامعة حلوان –كلية العلوم  -قسم النبات والميكروبيولوجى

)فى صورة كبريتات  ( والنحاسCAPتأثير الكلورامفينيكول )تهدف الدراسة الحالية الى تقييم 

كبريتات  ، وقد تم إضافة ثلاثة تركيزات مختلفة من لخلايا السيندسمسالمكونات الدقيقة على  نحاس(

10النحاس )
-3 

 ،10
-4 ،

10
-5  

٪( إلى الطحلب فى 0.5و  0.25مولار(  وتركيزين من الكلورامفينيكول )

 10مرحلة التضاعف )
7

10المعاملة بكبريتات النحاس ) الخلايا اختيار تم وقد ساعة. 24خلية/ مل( لمدة 
-3

 

صويرهما لت الخلايا المتحللة من كبيرة كمية ياأعط انذلال( ٪ 0.5) كلورامفينيكولمولار( والمعاملة بال

، وقد أظهرت صور المجهر الإلكترونى تشوهاً فى البلاستيدات الخضراء في الخلايا بالمجهر الالكترونى

للغمد  وبالنسبةالمعاملة بكبريتات نحاس ، فى حين لوحظ ظهور العديد من الحويصلات في السيتوبلازم. 

ة بالعينة الحاكمة. لوحظ ان ( لم تظهرأى اختلافات مقارنRL( وطبقة الشبكة )TLSثلاثى الطبقات )

الشويكات الانبوبية ليس لها شكل مميز مقارنة بالعينة الحاكمة وأظهرت الطبقة الداخلية من جدار الخلية 

فقد أظهرت الخلايا المعاملة بالكلورامفينيكول ، )طبقة السليلوز( إنكماش في السمك. وزيادة على ذلك

تيدات الخضراء تقلصت فى الحجم والعدد، وحدث انكماش بلاسالموجودة فى ال thylakoids%( أن 0.5)

في جميع المكونات البروتوبلازمية وزيادة في عدد الفجوات الى جانب زيادة سمك طبقة السليلوز وهذه 

النتائج قد تساعد في فهم تأثير بعض السموم مثل المضادات الحيوية والمعادن الثقيلة على بنية الخلية فى 

 الدقيقة. الطحالب
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