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Abstract Laser Raman spectroscopy (LTRS) is used to monitor the Raman spectroscopic changes of Cryptococcus
humicolus cells and mitochondria stressed by aluminum (AD. The results show that the characteristic Raman peaks
of C. humicolus cells and mitochondria are significantly decreased with the increase of aluminum concentration and
treatment time, the intensity of Raman peaks associated to nucleic acid, protein and lipid respectively exhibits
significant decreasing tendency with the extension of treatment time, indicating that the content of nucleic acid,
protein and lipid in the cells and mitochondria is reduced during the apoptosis process. The intensity of characteristic
peaks related to cytochrome ¢ (Cyt ¢) in mitochondria significantly decreases with the increase of aluminum
concentration and treatment time, suggesting that the yeast mitochondrial membrane rupture leads to Cyt c release
into outer of mitochondria. With the increase of aluminum concentration and treatment time, the respiratory peak is
observed to decrease gradually, indicating that the mitochondrial activity becomes weaker, energy metabolism has
been hampered. LTRS is used for real-time monitoring of the dynamic process of cell apoptosis and physiological and
biochemical changes of in vitro mitochondria under aluminum stress. and revealing the release behavior of Cyt ¢
during the apoptosis process of C. humicolus cells induced by aluminum. The results help understand the biological
mechanism of aluminum toxicity in acidic soils on organisms.
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Table 1 Tentative assignment of Raman spectrum
peak derived from yeast cellst~!%
Raman Assignment
band /em™' DNA/RNA Protein Lipid
721 A C—S
872 Trp
1081 0O=P=0
1301 C, A CH, stretch
1445 CH, bend CH. bend
1604 Tyr, Phe
1657 Amide [ o-helix
1746 C=0 stretch
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Table 2 Tentative assignment of Raman spectrum

peak from mitochondria and Cyt ¢t~ !%

Raman Assignment
band /em ! DNA/RNA Protein Lipid

750 Trp

872 Trp

1004 Phe

1031 Phe

g
1081 0O=P=0

1130 Cc—C
1301 C, A CH, stretch
1445 CH, bend CH, bend
1604 Tyr, Phe

1657 Amide 1 o-helix

1746 C=0 stretch
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Fig. 9 Raman spectra of a typical single mitochondrion

induced by 50 mM Al

2000, (a , 3000 ()
21600 E i . 2 2500 : -
Z 1200 = g 2000 :
£ 800 & 1500
5 £ 1000
400 ~ 7500
070" 20 40 60 80 100 0 20 a0 60 80 100
3000 (c ) Time /min (C)) Time /min
3,2500- I X . . 2500 ’
F 2000 | 22000 : i
8 1500, Z 1500
E 1000 g
500 - = lggg
0 - - a .
0 - . " .
0 20 4 0 80 100 0 20 60 80 100
3000, ( 3000 () Time /min
22500/ s . . 2500 x
Z 2000 ; ; & . .
2 £'2000
& 1500/ £ 1500
E 1000 £1000
500/ =500
L ) ’/ 60 80 100 0 20 40 60 80 100
me /min Time /min
3000 (g) . 4000 (h)
22500 ) 239000 m ; )
2000/ : - £ ; )
8 1500 < 1400 " I
E 1000 £ 1600
508- 800
0 20 40T. /6.0 80 100 0 %0 40 60 80 100
4000, - me /mn Time /min
23200 z , ) ) 1600, 9 ,
£ 2400 - 21200 : )
£ 1600 £ 800
~ 800 £ 400 .
5 ‘ . . . ‘ ; . . ) _
0 20 4%1m /6,0 80 100 0 20 40 60 80 100
4:322000 (k CH/ITIm ) 800 o i Time /min
= 1 3 - - >y -
= y i .
E £ 400 :
= 500 = 200 .
0 . . . - - ,
0 20 40Time /m(i;r? 80 100 0% 20 40 60 80 100
Time /min

Note: * means statistically significant (P<0.05), n=10 mitochondria/group

P 10 50 mM 44k B 2R (A5 12 A 1 % 6 154 U 5 138 T IF 1A 3 Jon £ 72 A 4

Fig. 10 Variation trend of intensity of Raman peaks
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