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Fig. S1. EIMS spectra of enzymatic products 23-28 
The GC and GC-MS traces were inseparable between 24a and 24b, between 26a and 26b, 
and between 28a and 28b in a ZB-5ms capillary column (30m, Zebron); see Fig. 3 in the 
text. However, a chiral GC column (CYCLOSILB GC capillary column) gave the 
complete separation between their diastereomers (see Fig. 5 in the text). 
Products 23, 24a & 24b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Product 23 
 

Products 24a & 24b 
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Products 25, 26a & 26b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

 

Products 26a & 26b 
 

Product 25 
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Products 27, 28a & 28b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

Products 28a & 28b 
 

Product 27 
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Fig. S2. NMR data of Product 23 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. S3. NMR data of Product 25 
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Fig. S4. NMR data of Product 27 
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Fig. S5. GC trace of the enzymatic products for testing the substrate specificity of the 
Rv 3378c enzyme. The incubation mixtures were extracted with hexane. An excess of 
Triton X-100 included in the hexane-extracts was removed by passing a short SiO2 column 
(hexane:EtOAc=100:30). The incubation mixtures were not subjected to phosphatase 
treatment. Thus, 23, 25 and 27 were the true enzymatic products, but not the chemical 
artifacts (see Text). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A: Incubation mixture of GGPP 1 with a mixture of terpentedienyl-PP (6) synthase 
(CYC1) and the Rv3378c enzyme: no reaction 
B: Incubation mixture of 1 with a mixture of (+)-copalyl-PP (7) synthase and the Rv3378c 
enzyme 
C: Incubation mixture of 1 with a mixture of (-)-ent-copalyl-PP (8) synthase and the 
Rv3378c enzyme 
D: Incubation mixture of 1 with a mixture of syn-copalyl-PP (9) synthase with the 
Rv3378c enzyme. 
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Fig, S6. NMR data of Product 24a (manool, 13R). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 1H and 13C chemical shifts listed here are derived from authentic 24a, purchased from Industrial 

Research Limited (New Zealand).  

Fig. S7. NMR data of Product 24b (13-epi-manool, 13S) 
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Fig. S8. NMR data of Product 26b 
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Fig. S9. NMR data of Product 28b (major product; 13S-vitexifolin A), which was 
produced from syn-CDP and the Rv3378c enzyme 
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Fig. S10. NMR data of 13R-vitexifolin A 28a, gifted by Prof. Ono 
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Fig. S11. 1H NMR spectra of the three manools measured in C6D6 (400 MHz). 
Solid lines: 13R-configurartion; Dotted lines: 13S-configuration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A) manool (a mixture of 13R-24a and 13S-configuration 24b, ca 1:1.2), prepared in 
this experiment. 
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B) authentic 13R-manool (24a) purchased from Industrial Research Limited (New 
Zealand). 

C) ent-manool (a mixture of 13R- 26a and 13S-configuration 26b, ca 1:5), obtained by 
this incubation experiment. The structures of 24a and 26b are in an enantiomeric 
relationship; 1H-NMR spectrum of 26b was be identical to that of authentic 24a (B). 
Thus, the major product is assigned to be ent-13S-manool 26b.  

 
 
 
Fig. S12. 1H NMR spectrum (600 MHz, CDCl3) of ent-manool (a mixture of 26a and 26b) 

 obtained by incubating ent-CDP 8 with the Rv3378c enzyme.  
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Table S1. Differences of proton chemical shifts between the isolated ent-manool and 
authentic ent-13-epi-manool measured in CDCl3. 
 
  δH (ppm) for the isolated product (a mixture of 26a&26b)    δH (ppm) for authentic ent-13-epi-manool (13R)  

Me-20   0.6765     0.6766 

   0.6707 

H-17   4.512     4.512 

   4.475 

H-17   4.815     4.813 

   4.807 

Hb-15   5.055 (J=10.7 Hz)    5.050 (J=10.7 Hz) 

   5.067(J=10.7 Hz)   

Ha-15   5.206 (J=17.3 Hz)    5.201 (J=17.1 Hz) 

   5.214(J=17.3 Hz) 

 

As shown in this table, the proton chemical shifts (plain letters) of the minor peaks (ca. 1/5 
peak intensities of the major product) were identical to those of authentic 
ent-13-epi-manool (13R), whose NMR data were kindly provided from Prof. Asakawa 
(Tokushima Bunri Univ.), thus major peaks (bold letters) indicate ent-manool (13S). No 
chemical shift difference of Me-16 was observed between 26a and 26b in the CDCl3 

solution. 
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Fig. S13. 1H-NMR spectra of vitexifolin A in C6D6. (A), enzymatically synthesized 
vitexifolin A; (B), natural vitexifolin A. 
A: 1H NMR spectrum (400 MHz) of 28 (a mixture of 28a and 28b) in C6D6, which was 
obtained by incubating syn-CDP 9 with the Rv3378c enzyme. The ratio of 28a to 28b was 
1:17. 
B: 1H NMR spectrum (400 MHz) of 28 isolated from Vitex rotundifolia in C6D6. (M. Ono, 
T. Yanaka, M. Yamamoto, Y. Ito and T. Nohara, J. Nat. Prod., 2002, 65, 537-541). The 
C(13)-stereochemistry of this natural product has not been reported, but determined to be 
13R by us (see Fig. 5in the text). However a negligible amount of 13S-viterxifolin A was 
mixed as shown in the 1H NMR spectrum (B). 
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Fig. S14. Relationship between the logarithmic concentration of the tested compounds and 

the phagocytic activity of macrophage-like U937 cells.. R2=0.96~0.98 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0

20

40

60

80

100

-1.5 -1 -0.5 0 0.5 1 1.5

R
el

at
iv

e 
pe

rc
en

ta
ge

 o
f p

ha
go

cy
to

si
s

log[μM]

Tuberculosinol 2 

Isotuberculosinol 5b 

Isotuberculosinol 5a 

Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010



S16 
 

Fig. S15. Inhibition activities of 3+4a and 3+4b on the phagocytosis of FITC-OPZ by 
macrophage-like U937 cells. The cells were treated with 20 µM of 3, 4a and 4b, 10 µM 
each of 3 and 4a or 4b (3+4a, 3+4b) for 15 min and exposed to FITC-OPZ for 60 min at 
37°C. The cells engulfing FITC-OPZ were counted by fluorescence microscopy. The data 
are normalized using the value of untreated cells (control) as 100% and expressed as mean 
± SD (n=4). The synergistic inhibition was observed for 3+4b with significantly lower 
percentage (32 ± 2.4%) compared to 3 (57 ± 3.2%), 4a (68 ± 6.4%), 4b (53 ± 3.3%) and 
3+4a (54 ± 2.1%) (P<0.01, Student’s t-test).  
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