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Isolation and characterisation of adenine adduct from reaction of aminoCBI-TMI with calf 

thymus DNA.  

 

 

A solution of aminoCBI-TMI (5.10 mg, 10.9 μmol) in DMF (11 mL) was added to a solution of 
calf thymus DNA (165 mg, drug/DNA base pair ratio of 1/25) in 10 mM Tris buffer (pH 7.4, 
containing 1 mM EDTA, prewashed three times with CH2Cl2, 99 mL), to give a cloudy 
suspension that was stirred at 37 ºC. After 16 h more Tris buffer (99 mL) and DMF (11 mL) were 
added and the mixture stirred for a further 11 days at 37 ºC, during which time almost all of the 
suspended solid dissolved. The mixture was heated at 50 ºC for 16 h and at reflux for 30 min. The 
cooled solution was extracted with CH2Cl2 (four times), and the combined extracts were washed 
with water, dried (Na2SO4), and evaporated to remove the remaining DMF. The residue was 
dissolved in CH2Cl2 and an accurately measured portion (1/50th) retained for HPLC analysis. The 
remainder was purified by column chromatography (silica, eluting with CHCl3 then 1:50 
MeOH:CHCl3 then 1:20 MeOH:CHCl3) to give the hydrolysis product (3) as a pale yellow oil (ca. 
0.8 mg): RT identical to an authentic sample (preparation to be described elsewhere); HRMS (fast 
atom bombardment) m/z 447.17946 (C25H25N3O5) requires 447.17942; followed by the adduct (1) 
as a pale yellow solid (ca. 4.8 mg, ca. 78%): 1H NMR [(CD3)2SO] δ 11.29 (s, 1 H, NH), 8.21 (s, 1 
H, A H-2), 8.12 (d, J = 8.2 Hz, 1 H, H-9), 8.09 (d, J = 8.4 Hz, 1 H, H-6), 7.88 (br s, 2 H, A NH2), 
7.85 (s, 1 H, A H-8), 7.69 (s, 1 H, H-4), 7.48 (t, J = 7.5 Hz, 1 H, H-8), 7.30 (t, J = 7.7 Hz, 1 H, H-
7), 6.91 (d, J = 1.8 Hz, 1 H, H-3’), 6.89 (s, 1 H, H-4’), 5.98 (s, 2 H, NH2), 4.68-4.61 (m, 1 H, H-
1a), 4.51-4.37 (m, 3 H, H-1, H-2), 4.31 (dd, J = 13.2, 8.7 Hz, 1 H, H-1a), 3.95 (s, 3 H, 7’-OMe), 
3.803, 3.800 (2 s, 2 × 3H, 5’-OMe, 6’-OMe); 13C NMR δ 160.2 (C-2a’), 154.9 (A C-6), 152.6 (A 
C-8), 149.9 (A C-4), 149.0 (C-5’), 146.1 (C-5), 143.2 (A C-2), 142.3 (C-3a), 139.6 (C-6’), 138.9 
(C-7’), 131.3 (C-2’), 130.2 (C-9a), 126.8 (C-8), 125.1 (C-7a’), 123.29, 123.25 (C-6, C-9), 123.1 
(C-3a’), 122.1 (C-7), 120.5 (A C-5), 120.2 (C-5a), 112.0 (C-9b), 105.7 (C-3’), 98.4 (C-4), 97.9 
(C-4’), 61.0 (7’-OMe), 60.9 (6’-OMe), 55.8 (5’-OMe), 54.0 (C-2), 51.8 (C-1a), 38.6 (C-1); 
HRMS (fast atom bombardment) m/z 565.23114 (C30H29N8O4) requires 565.23118. 
The adduct was further characterised by 1H-1H ROESY, 1H-1H COSY, 1H-13C HMQC and 1H-13C 
HMBC NMR experiments. These allowed full assignment of the 1D spectra as above, and 
showed unambiguously that the structure is as drawn, with the indoline ring intact and bonding to 
adenine via the N3 position. The assignments are consistent with the previously reported adenine 
adduct of aminoCI-TMI, with close agreement between the chemical shifts of the adenine Cs (δ ± 
0.3 ppm) and TMI Cs (δ ± 0.1 ppm), and the same diagnostic HMBC and ROESY crosspeaks. 
The adduct was further purified by trituration with petroleum ether to provide material that was 
pure by HPLC analysis. An accurately weighed sample was used to construct a calibration curve 
and, with the other authentic standards, to quantitate the products present in the original reaction 
workup: unreacted aminoCBI-TMI 2.3%, adduct (1) 89%, and hydrolysis product (3) 7.7%. 
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Method for evaluation of effects of acute and chronic acidosis on IC50 values for 

EMT6 cells 

 

AlphaMEM culture medium (Gibco, Invitrogen) containing 5% fetal bovine serum, 100 
IU/ml penicillin and 100 µg/ml streptomycin (pH 7.4) was titrated to pH 6.5 by addition 
of concentrated HCl (~ 200 µl/100 ml medium) under flowing 5% CO2/air with magnetic 
stirring at 37 oC, and followed for at least 1 h to ensure equilibration.  
 
Preliminary experiments demonstrated that acute (4 h) exposure of EMT6 cells to this 
medium had no significant effect on subsequent proliferation, while 22 h exposure 
suppressed cell density (measured 4 days later) to ~ 25% of pH 7.4 controls. To 
compensate for this inhibition of cell growth in IC50 experiments, 96 well cultures were 
established at 70 cells/well in 100 µl for pH 7.4 or acute (4 h) exposure to pH 6.5, but at 
300 cells cells/ml for chronic exposure to pH 6.5 (for 18 h from seeding, and 4 h drug 
exposure). Drug solutions were prepared in pH 7.4 or pH 6.5 medium at twice the highest 
final concentration required. 18 h after initiating cultures, 100 µl samples of these drug 
stock solutions were added to the 96 well plates and serial 2-fold dilutions made by 
transfer of 100 µl. Plates were returned to a CO2 incubator for 4 h. (Separate studies in 
which plates were removed from the incubator at various times, and pH measured with an 
Ingold pH microelectrode  [Mettler-Toledo International Inc] showed that pH equilibrium 
was achieved within 45 min of transfer to the incubator). The remaining drug stock 
solutions were incubated in the same way and pH checked after 4 h. Tests were accepted 
if the measured pH was within 0.2 units of the nominal value. After the 4 h drug 
exposure, plates were washed 3x with pH 7.4 medium and grown for a further 90 h 
before staining with sulforhodamine B to determine cell growth and IC50 values as 
previously (Patterson et al., Clin Cancer Res 2007 ;13:3922-32).
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Table S1: Hypersensitivity of DNA repair-defective CHO cell lines to chlorambucil and 

aminoCBI-DEI, determined using 4 h exposure to compounds under aerobic conditions at pH 7.4.  

 

Cell line 

  

  

Genotype 

  

  

Repair-

competent 

line 

  

  

Chlorambucil a AminoCBI-DEI 

IC50 (nM) Hypersensitivity factor 

(IC50 repair 

competent/repair 

defective) 

IC50 (nM) Hypersensitivity factor (IC50 

repair competent/repair 

defective) 

Mean SEM N Mean RMS-

SEMb 

pc Mean SEM N Mean RMS-

SEMb 

pc

AA8 d  WT 17,100 1,900 24  3.91 0.39 11   

UV4 e ECRR1-/- AA8 555 95 15 30.8 6.29  <0.001 1.49 0.15 12 2.62 0.37  <0.001 

41cER40.1f hXPF-complemented UV41 4,840 330 7  2.17 0.45 6  

UV41 g XPF/ERCC4-

/- 

41cER40.1 269 57 6 18.0 4.01  <0.001 1.05 0.19 6 2.1 0.57  0.045 

UV5 h XPD/ERCC2-

/- 

AA8 6660 1240 9 2.57 0.56  0.003 1.43 0.14 7 2.73 0.38  <0.001 

V3 i PRKDC-/- AA8 8470 1590 8 2.02 0.44  0.58 3.4 0.34 7 1.15 0.16  0.38 

51D1.3 j Hamster Rad51D-

complemented 51D1 

14400 1000 8  4.98 1.38 5  

51D1 j Rad51D-/- 51D1.3 496 131 8 29.0 7.93  <0.001 0.414 0.083 5 12.0 4.11  0.008 

 

Footnotes: a The chlorambucil values include and extend experiments reported in Gu et 

al., Mol Cancer Ther, 2009, in press. b Root mean square SEM for ratio. c p value for 

difference between repair defective and repair competent cell line pair, Student’s t-test.  

d Thompson et al.,  Mutation Res 1980;74:21-36  e Hoy et al.,  Cancer Res 1985;45:1737-

43.  f Brookman et al.,  Mol Cell Biol 1996;16: 6553-62.  g Busch et al., Somatic Cell 

Genet 1980;6: 407-18. h Thompson et al., Somatic Cell Genet 1980;6:391-405. i Blunt et 

al., Cell 1995;80:813-23.1995.  j Hinz et al.,  Nucleic Acids Res 2006;34: 1358-83. 
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Table S2: Effect of chronic or acute acidosis on IC50 values against EMT6 cells 

 

Cmpd EMT6 IC50, 4 h aerobic exposure (nM) 
  pH 7.4 pH6.5 

        
Acute (shift in pH during drug exposure 

only) 
Chronic (shift in pH 18 h before & during 

drug exposure) 

  mean  SEM Na mean  SEM N
pH 

6.5/7.4b pc mean  SEM Na 
pH 

6.5/7.4b pc0 

Chlorambucil 11,400 800 4 2,070 650 3 
0.182 ±  

058 <0.001 1,750 440 3 
0.154 ± 
0.040 <0.001 

nitroCI-TMI >40,000     >40,000         >40,000         

aminoCI-TMI 269 37 5 232 43 4 
0.86 ± 
0.20 0.53 235 29 5 

0.87 ± 
0.16  0.49 

nitroDSA-TMI 2480 860 2 1880 90 2 
0.76 ± 
0.27  0.56 1790   1 

0.72 ± 
0.25  0.72 

aminoDSA-
TMI 7.21 0.89 3 8.77 1.03 3 

1.22 ± 
0.21 0.32  10.5 1.3 3 

1.46 ± 
0.25  0.11 

nitroCBI-TMI 710 162 3 980 190 3 
1.38 ± 
0.41 0.34  970 210 3 

1.37 ± 
0.43  0.38 

aminoCBI-TMI 0.351 0.082 4 0.517 0.091 3 
1.47 ± 
0.43  0.24 0.503 0.13 4 

1.43 ± 
0.49 0.35  

nitroCBI-DEI 154 53 3 774 85 2 
5.03 ± 
1.82 0.007  671 64 2 

4.36 ± 
1.56 0.008  

aminoCBI-DEI 1.35 0.24 5 3.77 1.21 2 
2.79 ± 
1.02  0.024 5.2 0.98 2 

3.85 ± 
1.00 0.002  

 

Footnotes: a number of experiments. b Mean ratio ± root-mean-square standard error of 

the mean.  c Significance of difference between pH 7.4 and pH 6.5 (Student’s t-test). 
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Table S3: Cellular uptake of nitroCBI-DEI (20 µM) by stirred suspensions of HT29 cells 

(5 x 106/ml) under oxic and hypoxic conditions. Intracellular and extracellular 

concentrations (Ci and Ce) were determined as described in Methods in the main text. 

Values are mean and range for duplicate cultures.  

 

Time (min) Ci/Ce (oxic) Ci/Ce (hypoxic) 

5 4200 ± 2000 6900 ± 100 

30 5500 ± 1600 6700 ± 1500 

60 3700 ± 1200 7400 ± 200 

120 4600 ± 900 5300 ± 600 
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Table S4. Toxicity of single doses of amino and nitroCBI compounds to male C3H/HeN 

mice.  

 
 
 
 
Cmpd Vehiclea Route MTD 

(μmol/kg) 
Observations at dose 1.33-fold above 
MTD 

    Deaths Day of death 
aminoCBI-TMI A IP 0.042 2/9 20,34 
nitroCBI-TMI A IP >23.7   
aminoCBI-DEI B IP 0.0562 3/6 28,29,41 

B IV 0.562 5/6 4,11,12,21,58 
B PO 7.5 3/6 5,5,6 

nitroCBI-DEI B IP 31.6 12/12 3,6,6,7,9,10,10,14,17,17,
23,29 

B 
 

IV 31.6 8/12 0,4,4,5,7,7,16,21 

B PO 42.1 2/6 5,8 
 
Footnotes: a Vehicle A = 10% DMSO, 40% PEG, 50% water (v/v/v); vehicle B = 5% DMSO, 
20% PEG, 75% lactate buffer pH 4.0 (v/v/v) 
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Supplementary Figure Legends 

 

Figure S1. Identification of aminoCBI-DEI as a metabolite of nitroCBI-DEI in hypoxic 

HT29 cultures. Stirred cultures at 2.5x106 cells/ml were incubated with nitroCBI-DEI for 

4 h. A 100 µl sample of the culture was precipitated with 400 µl ice-cold acetonitrile, 

frozen, thawed, concentrated by evaporation, reconstituted with 25% (v/v) acetonitrile in 

ammonium formate buffer (0.45 M, pH 4.5), centrifuged, and a 100 µl sample analysed 

by LC/MS (see Methods). The peak at a retention time of 8.4 min (A) showed the same 

absorption spectrum (B) and positive electrospray ionisation mass spectrum (D) as 

authentic (synthetic) aminoCBI-DEI (C, E), which eluted at the same retention time. 

 

Figure S2. Identification of aminoCBI-DEI as a metabolite of nitroCBI-DEI in aerobic 

multicellular layers grown from a 1:1 mixture of HCT116-WT cells and HCT116-NTR 

cells (stably transfected with the E. coli nfsB nitroreductase). MCLs were incubated with 

30 µM nitroCBI-DEI in culture medium with 10% fetal calf serum (37 ºC for 5 h under a 

gas phase of 5% CO2/95% O2). The extracellular medium was centrifuged (13000 rpm, 5 

min), and 100 µl of the supernatant was transferred in to a microcentrifuge tube, 400 µl 

of ice-cold acetonitrile added, centrifuged (13000 rpm, 5 min) and the supernatant was 

reduced to ~50 µl in a vacuum evaporator. It was re-constituted with 100 µl of 25% (v/v) 

acetonitrile in ammonium formate buffer (0.45M, pH 4.5), and analysed by LC-MS (see 

Methods). The peak at a retention time 9.1 min (A) showed the same absorption spectrum 

(B) and positive electrospray ionisation mass spectrum (C) as authentic (synthetic) 

aminoCBI-DEI (Fig. S1). 
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Fig. S1 
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Fig. S2 
 
 

 
 
 


