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The E. coli expression system using minimal media is the most 

popular means to over-express isotope-enriched, recombinant 

protein for NMR investigations. The primary reason for the 

popularity of the use of minimal media is that it remains to be the 

most economic media available to grow isotope-labeled bacteria. 

Minimal media is a mixture M9 salts, glucose (as the sole carbon 

source) and ammonium chloride or ammonium sulfate (as the sole 

nitrogen source) that is formulated in either H
2
O or D

2
O. Often, 

depending on the E. coli strain used, additional reagents, such 

as cofactors, are added to the media to enhance growth. 

For proteins greater than ~25 kDa in size, deuteration is generally 

required in order to simplify spectra and reduce the deleterious 

effects of line-broadening associated with 1H dipolar coupling. 

Therefore, minimal media used to express such proteins must be 

formulated using D
2
O. For the investigations of large proteins or 

protein complexes, fully deuterated glucose as the carbon source 

is required. In particular, it is advantageous to use deuterated 

glucose in conjunction with the ILV selective methyl-labeling 

strategies that require a highly deuterated protein. The use of 

protonated U-13C
6
 glucose as the carbon source may still be 

acceptable in some situations because the level of incorporation 

of deuterium from the solvent into the expressed proteins is still 

significant (e.g., ~70-80%). The use of U-13C
6
 glucose in minimal 

media formulated in D
2
O may also be used to label all protein 

methyl groups,1 although CHD
2
-detected variants must be used

to remove signals from the CH
3
 and CH

2
D isotopomers in 1H-13C 

correlation spectra. 

To aid in handling multiple simultaneous growths, auto-induction 

methods have been developed which utilize minimal media 

containing glucose, glycerol and lactose. Auto-induction methods 

utilize the preference of E. coli containing lac operon derived 

expression systems (e.g., pET, pGEM, and pQE) to selectively 

use different carbon sources during diauxic growth. Hence auto-

induction methods will lead to growth on alternative carbon 

sources such as either glycerol or lactose after exhaustion of 

glucose in the growth medium. The basis for auto-induction 

and adaptation to 13C,15N was reported by Studier 2 and further 

optimized for high-throughput production by Tyler, et al.3 

Although minimal media offers the most economic media used 

to label E. coli, the resulting growth rate and expression levels 

are sometimes not suitable enough to conduct the desired 

studies. An economic method to enhance protein yield and 

growth characteristics is to spike low levels of suitably labeled 

rich media into minimal media prior to induction.* 

The table below shows which labeled reagents to use in minimal 

media to obtain the highest level of incorporation of the desired 

labeling pattern.

Minimal Media Reagents used to Express Single-, Double- and 
Triple-Labeled Protein

Desired 
Labeling 
Pattern

15N NH
4
Cl 

or
(15NH

4
)
2
SO

4

D-Glucose 
(U-13C

6
, 

99%)

D-Glucose 
(13C

6
, 99%; 

D
7
, 98%)

D-Glucose
(U-D

7
, 98%)

D
2
O

15N + - - - -

13C - + - - -

D - - - + +

13C,15N + + - - -

15N, D + - - + +

13C, D - - + - +

13C,15N, D + - + - +

Minimal Media Reagents

Catalog No. Description

CLM-1396 D-Glucose (U-13C
6
, 99%)

DLM-2062 D-Glucose (1,2,3,4,5,6,6-D
7
, 98%)

CDLM-3813 D-Glucose (U-13C
6
, 99%; 1,2,3,4,5,6,6-D

7
, 97-98%)

CLM-1510 Glycerol (13C
3
, 99%)

DLM-558 Glycerol (D
8
, 99%)

NLM-467 Ammonium chloride (15N, 99%)

NLM-713 Ammonium sulfate (15N
2
, 99%)

DLM-4-99 Deuterium oxide (D, 99%)

DLM-4-99.8 Deuterium oxide (D, 99.8%)

DLM-4-1L Deuterium oxide (D, 9 9%)

*See CIL Application Note 12 (page 45).
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