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Supplement. 

 

Transformation of Escherichia coli minicells 

The culture was grown to a mid-exponential phase. One ml CaCl2 (0.1M) was added to 25 ml of 

culture and gently vortexed.  Of this mixture a subsample of 200 μl was transferred into a 1.5 ml 

centrifuge vial and put on ice. Ten μl of the plasmid solution (pGreenTIR, National Institute of 

Genetics, Mishima Japan, Miller and Lindow 1997) was added, gently mixed, and left on ice for 

another 30 min. Heat shock was administered for 90 seconds in a 42°C water bath. Thereafter, 

the vial was immediately transferred into an ice bath for 2 minutes. One ml of a 4 °C cold SOC 

broth was added, mixed and subsequently incubated for 45 minutes at 37 °C. Using a loop, the 

culture was spread onto LB agar (Miller, Fisher Scientific) plates containing ampicillin 

hexahydrate and MgSO4 as per Sambrook & Russell (2001). Colonies of green fluorescing 

bacteria were identified the following day using a UV lamp and were then used as an inoculate 

for a new LB broth with ampicillin. The cultures were harvested during mid-exponential growth 

phase, amended with 30% (vol) glycerol, vigorously mixed, and shock frozen in liquid nitrogen. 

The cultures have remained viable since 2004 in a -80 °C freezer.  The GFP minicell strain of E. 

coli can also be obtained from the Coli Genetic Stock Center, Yale University (CGSC# 14165; 

designation: chi1488/pGreenTIR). 



 Prior to the grazing experiment, a  scrape from the cryopreserved culture was added to 50 

ml of LB broth and grown at 37°C with moderate shaking until growth reached the inflection 

region between log and stationary phases. Progress of the culture was monitored noninvasively 

by means of a customized Erlenmeyer flask with an extended tube that fit into the opening of a 

Unico S1000 spectrophotometer (wavelength: 600 nm).  The culture was cooled to room 

temperature and placed into two 50 ml Falcon centrifuge tubes.  The tubes were centrifuged at 

2,000 g for 10 minutes at 2 °C to pellet and remove the majority of parental cells.  After 

centrifuging, the supernatant was placed into two new 50 ml Falcon tubes and centrifuged at 

15,000 g for 15 minutes at 2 °C.  The supernatant was discarded and the pellet was resuspended 

in 10 ml of 1 x phosphate-buffered saline (PBS). The tubes were again centrifuged at 15,000 g 

for 15 minutes at 2 °C.  This step was repeated two more times.  After the third washing and 

resuspension in 1x PBS, the tubes were centrifuged at 2000 g for 10 min at 2 °C.  The 

supernatant was filtered gently through a 0.8 μm pore-size polycarbonate filter (Millipore ATTP) 

to remove most of the remaining parental cells (i.e., the large E. coli cells that bud off the 

minicells).   The filtrate was placed into two new 50 ml Falcon tubes and centrifuged at 15,000 g 

for 15 minutes at 2 °C.  The supernatant was discarded and 5 ml of 1x PBS was added to each 

pellet and vortexed.  The material in the tubes was combined, vortexed again, aliquoted into 1 ml 

subsamples and placed into a -80°C freezer until the grazing experiments. Freezing without 

following the proper cryopreservation technique (i.e., glycerol addition and shock freezing in 

liquid nitrogen) renders most of the  remaining parental cells non-viable so that they were not 

able to contribute significantly in the production of new minicells over the course of the 

experiments (see control data below).  

Preparation of GFP labeled Brevundimonas diminuta (GFP-Bd) 

 A culture of GFP labeled Brevundimonas diminuta (Griffiths et al. 2000) was obtained 

from the laboratory of Dr. Peter Andrew (Leicester University). It was grown in LB broth at 

30°C with tetracycline at 5 μg ml
-1

, cryopreserved with 30% glycerol, shock-frozen with liquid 

nitrogen, and placed into a -80°C freezer. Prior to the grazing experiment, a scrape of 

cryopreserved culture was placed in 50 ml of LB broth with tetracycline at (5 μg ml
-1

 fin conc.) 

and grown at 30 °C with moderate shaking until growth reached the inflection region between 

log and stationary phases (determined via spectrophotometry, see above).  The culture was 



placed into two 50 ml Falcon tubes and centrifuged at 15,000 g for 12 minutes at 4 °C.  The 

supernatant was decanted and 10 ml of 1x PBS were added to the pellets.  The tubes were 

vortexed, centrifuged again at 15,000 g for 12 minutes at 4 °C, and the pellet resuspended in 1 x 

PBS.  This washing step was repeated twice.  After the third decanting of the supernatant, 5ml of 

1 x PBS were added to each tube.  The tubes were vortexed and the cultures then combined into 

one tube and mixed well to ensure a homogeneous distribution of tracer particles.  The 

suspension was aliquoted into 1ml samples and placed into a -80 °C freezer until the grazing 

experiments.  

Preparation of Brevundimonas diminuta DTAF-stained cells (DTAF-Bd) 

 For DTAF staining, we followed the protocol in Sherr et al. (1987). Prior to the grazing 

experiment, a scrape of cryopreserved GFP-B. diminuta culture was mixed into 50 ml of LB 

broth with tetracycline at 5 μg/ml and grown at 30 °C with moderate shaking until growth 

reached the inflection region between log and stationary phases (determined 

spectrophotometrically, see above).  The culture was placed into two 50 ml Falcon tubes and 

centrifuged at 15,000 g for 12 minutes at 4 °C.  The supernatant was decanted and 5 ml of 0.05 

M Na2HPO4 - 0.85% NaCl solution were added to each tube's pellet.  The tubes were combined 

and 0.002 g DTAF was added, incubated in a 60°C water bath for two hours, and then 

centrifuged at 15,000 g for 12 min at 4 °C.  The supernatant was decanted at 10 ml of 0.05M 

Na2HPO4 - 0.85% NaCl solution were added to each tube.  This washing step was repeated until 

the supernatant was clear (generally 5-6 washings).  To remove larger cell debris, the cell 

suspension was filtered through a 3.0 μm (Millipore TSTP) polycarbonate filter.  Then the 

filtrate was centrifuged again at 15,000 g for 12 minutes at 4 °C and the pellet was resuspended 

with 0.02 M sodium pyrophosphate - 0.85% NaCl.  The suspension was aliquoted into 1 ml 

samples and placed into a -80°C freezer until the grazing experiments. 

Preparation of GFP-labeled Pseudomonas putida (GFP-Pp) 

 GFP -labeled Pseudomonas putida (mutant rpoS
-
) (Maki et al. 2009) was donated by 

Kam Leung (Lakehead University, Thunder Bay, Canada).  This strain is well known for its 

capacity to utilize crude oil (van Beilen et al. 2001) and was transformed with a GFP vector for a 

previous study (Moore et al. 2005, Maki et al. 2009).  It was grown on tryptic soy broth with 50 



μg ml
-1

 kanamycin at 30°C, cryopreserved with 30% glycerol, shock-frozen with liquid nitrogen, 

and placed into a -80°C freezer.  Prior to the grazing experiment, a small scrape of cryopreserved 

culture was placed into 50 ml of Tryptic Soy Broth with 50 μg ml
-1

 kanamycin and grown at 30 

°C with moderate shaking until growth reached the inflection point between log and stationary 

phases (determined spectrophotometrically, see above).  The culture was placed in a 4 °C 

refrigerator for 24 hours to enhance GFP (pers. comm. Kam Leung, Lakehead University, 

Thunder Bay).  The next day, the culture was added to two 50 ml Falcon tubes and centrifuged at 

7000 g for 10 minutes at 20 °C.  The supernatant was discarded and the pellet was resuspended 

in 1x PBS.  Centrifugation and resuspension was executed three times overall.  Each pellet was 

resuspended in 5 mL of 1x PBS and mixed by vortexing.  The tubes were combined, vortexed 

and aliquoted into 1 ml subsamples and placed into a -80°C freezer until the grazing 

experiments. 
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