
 1

Five new limonoids and their anti-TMV activities from 

Munronia unifoliolata Oliv. 

 

Yong-hui Ge
†,‡
, Kai-xing Liu

†,‡
, Jian-xin Zhang

†
, Shu-zhen Mu

†
, Xiao-jiang Hao

†,* 

†
The Key Laboratory of Chemistry for Natural Product of Guizhou Province and Chinese Academy of 

Science, Guiyang 550002, P.R. China 

‡
Center for Research and Development of Fine Chemicals of Guizhou University 

*Corresponding author, Phone: (+86) 0851-3804492, Fax: (+86) 0851-3805081.  

E-mail: haoxj@mail.kib.ac.cn  

Index 

Figure S 1. 
1
H NMR spectrum of munronoid K (1) in CDCl3 

Figure S 2. 
13
C NMR spectrum of munronoid K (1) in CDCl3 

Figure S 3. HMQC spectrum of munronoid K (1) in CDCl3 

Figure S 4. HMBC spectrum of munronoid K (1) in CDCl3 

Figure S 5. 
1
H-

1
H COSY spectrum of munronoid A (1) in CDCl3 

Figure S 6. ROESY spectrum of munronoid K (1) in CDCl3 

Figure S 7. IR spectrum of munronoid K (1) 

Figure S 8. EI-MS spectrum of munronoid K (1) 

Figure S 9. ESI-MS spectrum of munronoid A (1) 

Figure S 10. HRESIMS spectrum of munronoid A (1) 

Figure S 11. 
1
H NMR spectrum of munronoid L (2) in CDCl3 

Figure S 12. 
13
C NMR spectrum of munronoid L (2) in CDCl3 

Figure S 13. HMQC spectrum of munronoid L (2) in CDCl3 

Figure S 14. HMBC spectrum of munronoid L (2) in CDCl3 

Figure S 15. 
1
H-

1
H COSY spectrum of munronoid L (2) in CDCl3 

Figure S 16. ROESY spectrum of munronoid L (2) in CDCl3 

Figure S 17. IR spectrum of munronoid L (2) 

Figure S 18. EI-MS spectrum of munronoid L (2) 

Figure S 19. ESI-MS spectrum of munronoid L (2) 

Figure S 20. HRESIMS spectrum of munronoid L (2) 

Figure S 21. 
1
H NMR spectrum of munronoid M (3) in CDCl3 

Figure S 22. 
13
C NMR spectrum of munronoid M (3) in CDCl3 

Figure S 23. HMQC spectrum of munronoid M (3) in CDCl3 

Figure S 24. HMBC spectrum of munronoid M (3) in CDCl3 

Figure S 25. 
1
H-

1
H COSY spectrum of munronoid M (3) in CDCl3 

Figure S 26. ROESY spectrum of munronoid M (3) in CDCl3 

Figure S 27. IR spectrum of munronoid M (3) 

Figure S 28. EI-MS spectrum of munronoid M (3) 

Figure S 29. ESI-MS spectrum of munronoid M (3) 



 2

Figure S 30. HRESIMS spectrum of munronoid M (3) 

Figure S 31. 
1
H NMR spectrum of munronoid N (4) in CDCl3 

Figure S 32. 
13
C NMR spectrum of munronoid N (4) in CDCl3 

Figure S 33. HMQC spectrum of munronoid N (4) in CDCl3 

Figure S 34. HMBC spectrum of munronoid N (4) in CDCl3 

Figure S 35. 
1
H-

1
H COSY spectrum of munronoid N (4) in CDCl3 

Figure S 36. ROESY spectrum of munronoid N (4) in CDCl3 

Figure S 37. IR spectrum of munronoid N (4) 

Figure S 38. EI-MS spectrum of munronoid N (4) 

Figure S 39. ESI-MS spectrum of munronoid N (4) 

Figure S 40. HRESIMS spectrum of munronoid N (4) 

Figure S 41. 
1
H NMR spectrum of munronoid O (5) in CDCl3 

Figure S 42. 
13
C NMR spectrum of munronoid O (5) in CDCl3 

Figure S 43. HMQC spectrum of munronoid O (5) in CDCl3 

Figure S 44. HMBC spectrum of munronoid O (5) in CDCl3 

Figure S 45. 
1
H-

1
H COSY spectrum of munronoid O (5) in CDCl3 

Figure S 46. ROESY spectrum of munronoid O (5) in CDCl3 

Figure S 47. IR spectrum of munronoid O (5) 

Figure S 48. ESI-MS spectrum of munronoid O (5) 

Figure S 49. HRESIMS spectrum of munronoid O (5) 

Figure S 50. ELISA Analysis of TMV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3

Figure S 1. 
1
H NMR spectrum of munronoid K (1) in CDCl3 

 

Figure S 2. 
13
C NMR spectrum of munronoid K (1) in CDCl3 
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Figure S 3. HMQC spectrum of munronoid K (1) in CDCl3 

 
 

Figure S 4. HMBC spectrum of munronoid K (1) in CDCl3 
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Figure S 5. 
1
H-

1
H COSY spectrum of munronoid K (1) in CDCl3 

 

 

Figure S 6. ROESY spectrum of munronoid K (1) in CDCl3 
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Figure S 7. IR spectrum of munronoid K (1) 

 

 

Figure S 8. EI-MS spectrum of munronoid K (1) 
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Figure S 9. ESI-MS spectrum of munronoid K (1) 

 

Figure S 10. HR-ESI-MS spectrum of munronoid K (1) 
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Figure S 11. 
1
H NMR spectrum of munronoid L (2) in CDCl3 

 

Figure S 12. 
13
C NMR spectrum of munronoid L (2) in CDCl3 
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Figure S 13. HMQC spectrum of munronoid L (2) in CDCl3 

 

 

Figure S 14. HMBC spectrum of munronoid L (2) in CDCl3 
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Figure S 15. 
1
H-
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H COSY spectrum of munronoid L (2) in CDCl3 

 

 

Figure S 16. ROESY spectrum of munronoid L (2) in CDCl3 
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Figure S 17. IR spectrum of munronoid L (2) 

 

 

Figure S 18. EI-MS spectrum of munronoid L (2) 
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Figure S 19. ESI-MS spectrum of munronoid L (2) 

 
Figure S 20. HR-ESI-MS spectrum of munronoid L (2) 
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Figure S 21. 
1
H NMR spectrum of munronoid M (3) in CDCl3 

 

Figure S 22. 
13
C NMR spectrum of munronoid M (3) in CDCl3 
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Figure S 23. HMQC spectrum of munronoid M (3) in CDCl3 

 

 

Figure S 24. HMBC spectrum of munronoid M (3) in CDCl3 
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Figure S 25. 
1
H-

1
H COSY spectrum of munronoid M (3) in CDCl3 

 

 

Figure S 26. ROESY spectrum of munronoid M (3) in CDCl3 

 



 16

 

Figure S 27. IR spectrum of munronoid M (3) 

 

 

Figure S 28. EI-MS spectrum of munronoid M (3) 
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Figure S 29. ESI-MS spectrum of munronoid M (3) 

 

Figure S 30. HR-ESI-MS spectrum of munronoid M (3) 
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Figure S 31. 
1
H NMR spectrum of munronoid N (4) in CDCl3 

 

Figure S 32. 
13
C NMR spectrum of munronoid N (4) in CDCl3 
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Figure S 33. HMQC spectrum of munronoid N (4) in CDCl3 

 

 

Figure S 34. HMBC spectrum of munronoid N (4) in CDCl3 
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Figure S 35. 
1
H-

1
H COSY spectrum of munronoid N (4) in CDCl3 

 

 

Figure S 36. ROESY spectrum of munronoid N (4) in CDCl3 
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Figure S 37. IR spectrum of munronoid N (4) 

 

 

Figure S 38. EI-MS spectrum of munronoid N (4) 
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Figure S 39. ESI-MS spectrum of munronoid N (4) 

 

Figure S 40. HR-ESI-MS spectrum of munronoid K (1) 
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Figure S 41. 
1
H NMR spectrum of munronoid O (5) in CDCl3 

 

Figure S 42. 
13
C NMR spectrum of munronoid O (5) in CDCl3 
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Figure S 43. HMQC spectrum of munronoid O (5) in CDCl3 

 

 

Figure S 44. HMBC spectrum of munronoid O (5) in CDCl3 
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Figure S 45. 
1
H-

1
H COSY spectrum of munronoid O (5) in CDCl3 

 

 

Figure S 46. ROESY spectrum of munronoid O (5) in CDCl3 
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Figure S 47. IR spectrum of munronoid O (5) 

 

 

Figure S 48. ESI-MS spectrum of munronoid O (5) 
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Figure S 49. HR-ESI-MS spectrum of munronoid O (5) 
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Figure S 50. ELISA Analysis of TMV 

TMV concentration was calculated from a virus standard curve constructed using 

OD405 values of TMV at concentrations of 3.75, 1.87, 0.93, 0.46, and 0.23 µg/mL. 

Table 1 OD405 values of TMV at concentrations of 3.75, 1.87, 0.93, 0.46, and 0.23 µg/mL. 

 

 

 

 

Table 2 Virus standard curve constructed using OD405 values 
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X = OD405 values; Y = LOG (concentrations of TMV) 

Table 3 The value of OD405 of limonoids 1 – 8 and control. 

No. 1 2 3 4 5 6 7 8 blank positive negative 

 0.486 0.505 0.574 0.602 0.499 0.584 0.689 0.533 0.165 0.545 0.683 

 0.499 0.523 0.531 0.596 0.51 0.571 0.672 0.541 0.203 0.533 0.632 

 0.478 0.552 0.546 0.588 0.501 0.595 0.663 0.538 0.199 0.529 0.663 

 0.503 0.572 0.599 0.606 0.506 0.563 0.641 0.527 0.212 0.519 0.617 

Average of 

OD405 
0.4915 0.538 0.5625 0.598 0.504 0.57825 0.66625 0.53475 0.19475 0.5315 0.64875 

Inhibition 

Rate (%) 
67.2% 54.4% 45.7% 30.2% 64.2% 39.3% -13.2% 55.4%  56.5%  

The inhibition rate of TMV = (1-TMV concentration of treatment / TMV 

concentration of negative control)×100% 

 

 

TMV concentration 3.75 1.875 0.9375 0.4687 0.2344 0.1172 0.0586 0.0293 

LOG TMV concentration 0.574031 0.273001 -0.02803 -0.32911 -0.63004 -0.93107 -1.2321 -1.53313 

OD405 0.92452 0.75425 0.64125 0.5905 0.4675 0.41405 0.30321 0.20732 
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Table 4 The value of OD405 of different dosage of limonoids 1, 2, 5 and control. 

No.  1     2     

Dosage 30µg/ml 25µg/ml 20µg/ml 10µg/ml 5µg/ml 30µg/ml 25µg/ml 20µg/ml 10µg/ml 5µg/ml 

 0.492 0.506 0.554 0.601 0.642 0.528 0.545 0.579 0.618 0.632 

 0.488 0.516 0.542 0.588 0.633 0.533 0.563 0.564 0.606 0.625 

 0.499 0.521 0.539 0.611 0.65 0.519 0.552 0.572 0.621 0.619 

 0.469 0.499 0.532 0.599 0.628 0.572 0.539 0.593 0.615 0.643 

Average of 

OD405 
0.487 0.5105 0.54175 0.59975 0.63825 0.538 0.54975 0.577 0.615 0.62975 

Inhibition 

Rate (%) 
67.8 62.0 52.6 28.5 6.0 53.8 49.8 39.1 20.3 11.5 

No.  5          

Dosage 30µg/ml 25µg/ml 20µg/ml 10µg/ml 5µg/ml blank positive negative   

 0.489 0.531 0.553 0.588 0.633 0.197 0.539 0.633   

 0.506 0.525 0.548 0.593 0.629 0.194 0.537 0.669   

 0.523 0.519 0.56 0.602 0.643 0.205 0.541 0.658   

 0.499 0.541 0.541 0.579 0.636 0.221 0.51 0.636   

Average of 

OD405 
0.50425 0.529 0.5505 0.5905 0.63525 0.20425 0.53175 0.649 

  

Inhibition 

Rate (%) 
63.7 56.7 49.5 33.0 8.0  56.5  
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Table 5 The value of OD405 of different dosage of limonoids 8 and control. 

No. 8     N     

Dosage 30µg/ml 25µg/ml 20µg/ml 10µg/ml 5µg/ml 30µg/ml 25µg/ml 20µg/ml 10µg/ml 5µg/ml 

 0.533 0.558 0.588 0.602 0.649 0.539 0.543 0.565 0.599 0.636 

 0.541 0.563 0.573 0.611 0.632 0.537 0.552 0.57 0.601 0.629 

 0.538 0.571 0.592 0.623 0.624 0.541 0.538 0.583 0.587 0.645 

 0.527 0.557 0.569 0.619 0.643 0.51 0.54 0.578 0.612 0.629 

Average of 

OD405 
0.53475 0.56225 0.5805 0.61375 0.637 0.53175 0.54325 0.574 0.59975 0.63475 

Inhibition 

Rate (%) 
55.5 45.9 38.5 22.1 8.1 56.5 52.8 41.2 29.5 9.6 

No. blank positive negative        

 0.197 0.539 0.633        

 0.194 0.537 0.669        

 0.205 0.541 0.658        

 0.221 0.51 0.636        

Average of 

OD405 
0.20425 0.53175 0.649        

 0.9574 0.5650         

Inhibition 

Rate (%) 
 56.5         
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Table 6 Inhibition curve constructed using Inhibition Rate (%) and dosage of 

compounds 
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compound 8
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