
Conclusion Mn exposure induces pronounced 
intracellular alterations while 
maintaining external cellular 
morphology, highlighting a complex 
stress response involving both adaptive 
mechanisms and cell death pathways.
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Introduct ion Chlamydomonas acidophila is an e xtre mophilic
mic roalga adapte d to ac idic  e nvironme nts  s uc h 
as  ac idic  mining lake s , with low pH and high 
c onc e ntrations  of he avy me tals . 
its  re s pons e  to mangane s e  re mains  large ly 
une xplore d de s pite  Mn be ing a wide s pre ad and 
e nvironme ntally pe rs is te nt c ontaminant. 
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S E M analys is : no major c hange s  in ove rall c e ll morphology or 
muc ilage  s e c re tion, indic ating s tability at the  c e ll s urfac e .
V e s ic le -like  s truc ture s  (2 0 0 –4 0 0  nm):
O bs e rve d in both c ontrol and Mn-tre ate d c e lls .
S imilar to e xtrac e llular ve s ic le s  re porte d in mic roalgae .
May have  role s  in c e ll c ommunic ation and s tre s s  adaptation.

Results Mn tre atme nt induc e d two dis tinc t c e ll type s :
T Y PE  1 C e lls  with mos tly intac t s truc ture  but 
minor damage :
Partial plas ma me mbrane  de tac hme nt.
R e duc e d protoplas t are a.
S malle r s tarc h grains  around the  pyre noid, 
s ugge s ting pos s ible  impairme nt of 
photos ynthe s is .

T Y PE  2  C e lls  with s e ve re  ultras truc tural 
damage  and s igns  of apoptotic -like  c e ll 
de ath:
Plas ma me mbrane  rupture .
Nuc le ar pyknos is and karyorrhe xis .
E xte ns ive  c hloroplas t dis inte gration.
Indic ations  of apoptotic -like  c e ll de ath.
Morphome tric  analys is : s ignific ant c hange s  
in protoplas t dime ns ions  afte r Mn tre atme nt.
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