F. William Studier (studier@bnl.gov) growth media for T7 E. coli strains (8/20/02)

General Information


The following media and protocols have been developed for use with DE3 lysogens such as BL21(DE3) and B834(DE3), which supply T7 RNA polymerase upon induction of the lacUV5 promoter, in combination with pET expression vectors in which expression of the target gene is controlled from the T7lac promoter (Studier et al., Methods in Enzymology 185: 60-89 (1990)).  The media are designed to allow growth to relatively high densities, to ensure growth of expression cultures without induction (for stable maintenance of plasmids that express proteins toxic to the host), and to provide convenient auto-induction of expression, all in a rotary shaker-incubator.  They eliminate or control the spontaneous induction found to occur in some commercial batches of complex media (Grossman et al., Gene 209: 95-103 (1998)).

P-0.5G is a defined minimal medium for growth to saturation at high densities with little or no induction of expression of the target protein.

PA-0.5G is P-0.5G medium with the addition of 18 amino acids at concentrations of 100 ug/ml each.  Growth is somewhat faster in PA-0.5G than in P-0.5G.

ZYP-0.8G is a rich medium for growth to high densities with little or no induction of expression, but induction may not be as stringently repressed as in P-0.5G.

ZYP-5052 is a rich medium and P-5052 and PA-5052 are defined media for growth with little or no induction during log phase and auto-induction of expression as the culture approaches saturation.

PASM-5052 is an auto-inducing medium for labeling proteins with selenomethionine (Se-Met).

BL21 grows in unsupplemented P-0.5G

B834 requires methionine or vitamin B12 for growth

Kanamycin or ampicillin is selective for most of the expression plasmids we use

(kanamycin concentration of 100 ug/ml is required for selection in these media; 25 ug/ml barely retards growth of cells without plasmid in rich media)

Chloramphenicol is selective for the RIL plasmid (Stratagene Codon Plus)

The expression strains we have tried can be grown to saturation in P-0.5G or PA-0.5G with little if any loss of inducible plasmid.  Cultures grown at 37(C typically saturate overnight at A600 ~ 4-7 and pH ~6.5, are quite stable for a week or more in the refrigerator, and grow subcultures with little lag.  Fresh overnight cultures in P-0.5G or PA-0.5G make freezer stocks that remain viable indefinitely and generate cultures that produce high levels of target protein.

Expression strains with complex nutritional requirements can be grown in the rich medium ZYP-0.8G, but freezer stocks should be made well before saturation.

To make a freezer stock, we usually add 1.5 ml of culture to 0.15 ml 80% (v/v) glycerol in a 2 ml freezer tube, mix well, and place in a -70(C freezer.

Inoculate fresh cultures from a freezer stock with material scraped from the frozen surface, without thawing the rest of the stock.  Sterile plastic pipettor tips are good for collecting a few microliters of frozen stock.  If more is needed, a sterile glass pipette can scrape up (or melt) tens of microliters.

Screening Cultures in Parallel for Protein Expression and Solubility

The ability to obtain reliable freezer stocks from overnight cultures grown in P-0.5G or PA-0.5G, coupled with auto-induction of cultures grown in ZYP-5052, makes it convenient to obtain expression clones and to screen for protein expression and solubility of many cultures in parallel.  There is no need to monitor culture densities or add inducer at the proper time.  Appropriate aeration is obtained in a rotary shaker-incubator at 300 rpm for:



0.5 ml cultures in 13x100 mm glass tubes



1.5 ml cultures in 18x150 mm glass tubes



5 ml cultures in 125-ml Erlenmeyer flasks

At lower levels of aeration (that is, higher volumes of culture or smaller vessels), cultures may not induce as well nor become as dense.  Loose metal caps are not suitable for the culture tubes, as metal grit is rubbed off by shaking and falls into the cultures.  We use snug plastic caps.  A single plastic rack allows 72 cultures to grow in parallel in 13x100 mm tubes, or 40 cultures in 18x150 mm tubes.


Auto-induction to screen clones for protein expression and solubility is carried out in ZYP-5052 cultures inoculated at ~103-104 dilution directly from freezer stocks or from overnight cultures in P-0.5G or PA-0.5G.  Induction does not begin until fairly close to saturation, and cultures usually saturate at A600 ~5-20, depending on the effect of the target protein on the host.  From a 1000-fold dilution, saturation is usually reached in 8-10 hours at 37(C, or less than 24 hours at 20(C.  Continued incubation for several hours after saturation appears not to be deleterious.  It is convenient to inoculate 37(C cultures late in the day and harvest after growth overnight, and to grow 20(C cultures for a few hours at 37(C and then overnight at 20(C.

Auto-Induction of Large Cultures for Protein Purification


Larger-scale growth of auto-induced cultures for protein purification can be accomplished in baffled flasks.  Acceptable aeration can be obtained in a rotary incubator at 300 rpm for:



200 ml cultures in 1-liter baffled Erlenmeyer flasks



500 ml cultures in 1.8- or 2.8-liter baffled Fernbach flasks

We find 1.8-liter triple baffled Fernbach flasks (Bellco 2552-01800) particularly convenient.


It is not unusual to find that the high densities of induced cultures attained in ZYP-5052 provide as much as ten times the amount of target protein as the same volume of culture induced with IPTG in the conventional way.

Selenomethionine Labeling

To label target proteins with Se-Met, PASM-5052 auto-inducing medium is inoculated with a fresh overnight culture grown in PA-0.5G.  Growth at 37(C from a thousand-fold dilution into PASM-5052 typically reaches saturation in 14-16 hours.  Growth at 20(C is much slower and a culture can take 3 days or longer to become induced and reach saturation.


Although still testing, we expect that the current formulation of PASM-5052 medium will produce target proteins essentially fully labeled with Se-Met when expressed in either the methionine auxotroph B834(DE3) or the prototroph BL21(DE3).  The presence of Se-Met reduces the growth rate of the two strains comparably, presumably because both strains incorporate Se-Met into their proteins in place of methionine (but possibly due to other toxic effects as well).  Enzymes of the methionine synthesizing pathway are presumably repressed by the presence of Se-Met in the medium, as they would be by methionine, preventing endogenous production of methionine.


The small amount of methionine in PASM-5052 medium allows significantly faster growth in the presence of Se-Met, and the concentration of Se-Met is sufficient to support the growth of the methionine-requiring B834 to saturation (in the absence of vitamin B12).  The presence of vitamin B12 in PASM-5052 medium significantly increases the yield of target protein and largely prevents the appearance of a brown-orange color that can appear in cells upon continued incubation at saturation in the presence of a slight excess of Se-Met.  Vitamin B12 is known to activate an enzyme (the product of metH) that methylates homocysteine to produce methionine.  Perhaps a significant fraction of Se-Met is converted to Se-homocysteine during growth or induction in this medium, and the B12-dependent methylase stimulates production of target protein by regenerating Se-Met.


We found that the methionine requirement of B834 is satisfied by B12.  Thus, B834 must be a metE mutant, defective in the B12-independent homocysteine methylase that would synthesize methionine in minimal medium.  E. coli is unable to synthesize B12.

P-0.5G defined minimal medium for growth to saturation with little or no induction


grow log-phase or saturated cultures for making freezer stocks and working stocks

For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large volume


50 ml total
100 ml total
200 ml total
Final conc

sterile water


~46.8   ml
 ~93.6   ml
~187.3   ml


1 M MgSO4


     50 ul
     100 ul
     200 ul
 1 mM


1000x metals mix

      5 ul
      10 ul
      20 ul
 0.1x


40% glucose


  0.625 ml
   1.25  ml
   2.5   ml
 0.5%


20xNPS


  2.5   ml
   5     ml
  10     ml
 1x

essential amino acid, as needed:


methionine (25 mg/ml)
  0.2   ml
   0.4   ml
   0.8   ml
 100 ug/ml

antibiotics, as needed:


kanamycin (25 mg/ml)
  0.2   ml
   0.4   ml
   0.8   ml
 100 ug/ml


chloramphenicol (25 mg/ml)
     50 ul
     100 ul
     200 ul
  25 ug/ml


ampicillin (50 mg/ml)

     50 ul
     100 ul
     200 ul
  50 ug/ml


Small volume


2.5 ml total
 5 ml total
10 ml total
20 ml total

sterile water


~2.34     ml
~4.68    ml
 ~9.36  ml
~18.73  ml


1 M MgSO4


     2.5  ul
     5   ul
     10 ul
     20 ul


1000x metals mix

     0.25 ul
     0.5 ul
      1 ul
      2 ul


40% glucose


    31.25 ul
    62.5 ul
    125 ul
  0.25  ml


20xNPS


   125    ul
 0.25    ml
  0.5   ml
  1     ml

essential amino acid, as needed:


methionine (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul

antibiotics, as needed:


kanamycin (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)     2.5  ul
     5   ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5  ul
     5   ul
     10 ul
     20 ul

PA-0.5G defined medium for growth to saturation with little or no induction



= P-0.5G plus 18 amino acids; growth is somewhat faster than in P-0.5G


grow log-phase or saturated cultures for making freezer stocks and working stocks

For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large volume


50 ml total
100 ml total
200 ml total
Final conc

sterile water


~46.1   ml
 ~92.2   ml
~184.5   ml


1 M MgSO4


     50 ul
     100 ul
     200 ul
 1 mM


1000x metals mix

      5 ul
      10 ul
      20 ul
 0.1x


40% glucose


  0.625 ml
   1.25  ml
   2.5   ml
 0.5%


20xNPS


  2.5   ml
   5     ml
  10     ml
 1x


methionine (25 mg/ml)
  0.2   ml
   0.4   ml
   0.8   ml
 100 ug/ml


17aa (CYM) (each 10 mg/ml)
  0.5   ml
   1     ml
   2     ml
 100 ug/ml ea

antibiotics, as needed:


kanamycin (25 mg/ml)
  0.2   ml
   0.4   ml
   0.8   ml
 100 ug/ml


chloramphenicol (25 mg/ml)
     50 ul
     100 ul
     200 ul
  25 ug/ml


ampicillin (50 mg/ml)

     50 ul
     100 ul
     200 ul
  50 ug/ml


Small volume


2.5 ml total
 5 ml total
10 ml total
20 ml total

sterile water


~2.31     ml
~4.61    ml
 ~9.22  ml
~18.45  ml


1 M MgSO4


     2.5  ul
     5   ul
     10 ul
     20 ul


1000x metals mix

     0.25 ul
     0.5 ul
      1 ul
      2 ul


40% glucose


    31.25 ul
    62.5 ul
    125 ul
  0.25  ml


20xNPS


   125    ul
 0.25    ml
  0.5   ml
  1     ml


methionine (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul


17aa (CYM) (each 10 mg/ml)    25    ul
    50    ul
    100   ul
    200 ul

antibiotics, as needed:


kanamycin (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)     2.5  ul
     5   ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5  ul
     5   ul
     10 ul
     20 ul

ZYP-0.8G rich medium for growth with little or no induction


culture should go somewhat acid at saturation (slightly below pH 6)


collect cultures for freezer stocks well before saturation

For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large volume


50 ml total
100 ml total
200 ml total
Final conc

ZY



 ~46.5   ml
 ~93     ml
 ~186   ml


1 M MgSO4


      50 ul
     100 ul
    0.2 ml
 1 mM


40% glucose


   1     ml
   2     ml
    4   ml
 0.8%


20xNPS


   2.5   ml
   5     ml
   10   ml
 1x

antibiotics, as needed:


kanamycin (25 mg/ml)
     200 ul
   0.4   ml
    0.8 ml
 100 ug/ml


chloramphenicol (25 mg/ml)
      50 ul
     100 ul
    0.2 ml
  25 ug/ml


ampicillin (50 mg/ml)

      50 ul
     100 ul
    0.2 ml
  50 ug/ml

Small volume


2.5 ml total
  5 ml total
10 ml total
20 ml total

ZY



~2.32    ml
  ~4.65  ml
 ~9.3   ml
~18.6   ml


1 M MgSO4


     2.5 ul
       5 ul
     10 ul
     20 ul


40% glucose


    50   ul
     100 ul
    200 ul
  0.4   ml


20xNPS


   125   ul
   0.25  ml
  0.5   ml
  1     ml

antibiotics, as needed:


kanamycin (25 mg/ml)
    10   ul
      20 ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)
     2.5 ul
       5 ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5 ul
       5 ul
     10 ul
     20 ul
ZYP-5052 rich medium for auto-induction
For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large scale


200 ml total
500 ml total
1 liter tot
Final conc

ZY



  ~186   ml
 ~464   ml
   ~928 ml


1 M MgSO4


     0.2 ml
    0.5 ml
      1 ml
 1 mM


1000x metals mix*

     0.2 ml
    0.5 ml
      1 ml
 1x


50x5052


     4   ml
   10   ml
     20 ml
 1x


20xNPS


    10   ml
   25   ml
     50 ml
 1x

antibiotics, as needed:


kanamycin (25 mg/ml)
     0.8 ml
    2   ml
      4 ml
 100 ug/ml


chloramphenicol (25 mg/ml)
     0.2 ml
    0.5 ml
      1 ml
  25 ug/ml


ampicillin (50 mg/ml)

     0.2 ml
    0.5 ml
      1 ml
  50 ug/ml


Small scale


2.5 ml total
 5 ml total
10 ml total
20 ml total

ZY



~2.32    ml
 ~4.64  ml
 ~9.28  ml
~18.56  ml


1 M MgSO4


     2.5 ul
      5 ul
     10 ul
     20 ul


1000x metals mix*

     2.5 ul
      5 ul
     10 ul
     20 ul


50x5052


    50   ul
    100 ul
    200 ul
  0.4   ml


20xNPS


   125   ul
  0.25  ml
  0.5   ml
  1     ml

antibiotics, as needed:


kanamycin (25 mg/ml)
    10   ul
     20 ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)
     2.5 ul
      5 ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5 ul
      5 ul
     10 ul
     20 ul

* 1000x metals mix may be omitted from ZYP-5052 if relatively high concentrations of metals are not desired

PA-5052 defined medium for auto-induction
For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large scale


200 ml total
500 ml total
1 liter tot
Final conc

sterile water


   ~180   ml
  ~450   ml
   ~900 ml


1 M MgSO4


      0.2 ml
     0.5 ml
      1 ml
 1 mM


1000x metals mix*

      0.2 ml
     0.5 ml
      1 ml
 1x*


50x5052


      4   ml
    10   ml
     20 ml
 1x


20xNPS


     10   ml
    25   ml
     50 ml
 1x


methionine (25 mg/ml)
      1.6 ml
     4   ml
      8 ml
 200 ug/ml


17aa (CYM) (each 10 mg/ml)
      4   ml
    10   ml
     20 ml
 200 ug/ml ea

antibiotics, as needed:


kanamycin (25 mg/ml)
      0.8 ml
     2   ml
      4 ml
 100 ug/ml


chloramphenicol (25 mg/ml)
      0.2 ml
     0.5 ml
      1 ml
  25 ug/ml


ampicillin (50 mg/ml)

      0.2 ml
     0.5 ml
      1 ml
  50 ug/ml


Small scale


2.5 ml total
 5 ml total
10 ml total
20 ml total

sterile water


~2.25     ml
~4.5     ml
 ~9     ml
~18     ml


1 M MgSO4


     2.5  ul
     5   ul
     10 ul
     20 ul


1000x metals mix*

     2.5  ul
     5   ul
     10 ul
     20 ul


50x5052


    50    ul
   100   ul
    200 ul
  0.4   ml


20xNPS


   125    ul
 0.25    ml
  0.5   ml
  1     ml


methionine (25 mg/ml)
    20    ul
    40   ul
     80 ul
    160 ul


17aa (CYM) (each 10 mg/ml)
    50    ul
   100   ul
    200 ul
  0.4   ml

antibiotics, as needed:


kanamycin (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)
     2.5  ul
     5   ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5  ul
     5   ul
     10 ul
     20 ul

* One-tenth the amount of 1000x metals mix (= 0.1x) may be used in PA-5052 if relatively high concentrations of metals are not desired

P-5052 defined minimal medium for auto-induction
For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate


Large scale


200 ml total
500 ml total
1 liter tot
Final conc

sterile water


   ~185   ml
  ~464   ml
   ~928 ml


1 M MgSO4


      0.2 ml
     0.5 ml
      1 ml
 1 mM


1000x metals mix*

      0.2 ml
     0.5 ml
      1 ml
 1x*


50x5052


      4   ml
    10   ml
     20 ml
 1x


20xNPS


     10   ml
    25   ml
     50 ml
 1x

essential amino acid, as needed:


methionine (25 mg/ml)
      1.6 ml
     4   ml
      8 ml
 200 ug/ml

antibiotics, as needed:


kanamycin (25 mg/ml)
      0.8 ml
     2   ml
      4 ml
 100 ug/ml


chloramphenicol (25 mg/ml)
      0.2 ml
     0.5 ml
      1 ml
  25 ug/ml


ampicillin (50 mg/ml)

      0.2 ml
     0.5 ml
      1 ml
  50 ug/ml


Small scale


2.5 ml total
 5 ml total
10 ml total
20 ml total

sterile water


~2.32     ml
~4.64    ml
 ~9.28  ml
~18.56  ml


1 M MgSO4


     2.5  ul
     5   ul
     10 ul
     20 ul


1000x metals mix*

     2.5  ul
     5   ul
     10 ul
     20 ul


50x5052


    50    ul
   100   ul
    200 ul
  0.4   ml


20xNPS


   125    ul
 0.25    ml
  0.5   ml
  1     ml

essential amino acid, as needed:


methionine (25 mg/ml)
    20    ul
    40   ul
     80 ul
    160 ul

antibiotics, as needed:


kanamycin (25 mg/ml)
    10    ul
    20   ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)
     2.5  ul
     5   ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5  ul
     5   ul
     10 ul
     20 ul

* One-tenth the amount of 1000x metals mix (= 0.1x) may be used in P-5052 if relatively high concentrations of metals are not desired

PASM-5052 auto-inducing medium for Se-Met labeling 

For all media, add 1 M MgSO4 and 1000x metals mix before adding 20xNPS to avoid precipitate

Large scale


200 ml total
400 ml total
800 ml total
Final conc

sterile water


~181     ml
~360     ml
 ~721    ml


1 M MgSO4


   0.2   ml
   0.5   ml
    0.8  ml
 1 mM


1000x metals mix*

   0.2   ml
   0.5   ml
    0.8  ml
 1x*


50x5052


   4     ml
   8     ml
   16    ml
 1x


20xNPS


  10     ml
  20     ml
   40    ml
 1x


100 uM vitamin B12

   0.2   ml
   0.4   ml
    0.8  ml
 100 nM


17aa (CYM) (each 10 mg/ml)
   4     ml
   8     ml
   16    ml
 200 ug/ml ea


methionine (25 mg/ml)
      80 ul
     160 ul
    0.32 ml
  10 ug/ml


Se-Met (25 mg/ml)

   1     ml
   2     ml
    4    ml
 125 ug/ml

antibiotics, as needed:


kanamycin (25 mg/ml)
   0.8   ml
   1.6   ml
    3.2  ml
 100 ug/ml


chloramphenicol (25 mg/ml)
   0.2   ml
   0.4   ml
    0.8  ml
  25 ug/ml


ampicillin (50 mg/ml)

   0.2   ml
   0.4   ml
    0.8  ml
  50 ug/ml

Small scale


2.5 ml total
 5 ml total
10 ml total
20 ml total

sterile water


~2.26    ml
 ~4.51  ml
 ~9.03  ml
~18.1   ml


1 M MgSO4


     2.5 ul
      5 ul
     10 ul
     20 ul


1000x metals mix*

     2.5 ul
      5 ul
     10 ul
     20 ul


50x5052


    50   ul
    100 ul
    200 ul
  0.4   ml


20xNPS


   125   ul
  0.25  ml
  0.5   ml
  1     ml


100 uM vitamin B12

     2.5 ul
      5 ul
     10 ul
     20 ul


17aa (CYM) (each 10 mg/ml)
    50   ul
    100 ul
    200 ul
  0.4   ml


methionine (25 mg/ml)
     1   ul
      2 ul
      4 ul
      8 ul


Se-Met (25 mg/ml)

    12.5 ul
     25 ul
     50 ul
    100 ul

antibiotics, as needed:


kanamycin (25 mg/ml)
    10   ul
     20 ul
     40 ul
     80 ul


chloramphenicol (25 mg/ml)
     2.5 ul
      5 ul
     10 ul
     20 ul


ampicillin (50 mg/ml)

     2.5 ul
      5 ul
     10 ul
     20 ul

* One-tenth the amount of 1000x metals mix (= 0.1x) may be used in PASM-5052 (0.1x) if relatively high concentrations of metals are not desired

Stock Solutions

Use deionized distilled water for all solutions


Autoclave solutions for 15 min unless specified otherwise

ZY


10 g N-Z-amine AS (or any tryptic digest of casein, e.g. tryptone)


 5 g yeast extract


 925 ml water

20xNPS:  (NPS = 100 mM PO4, 25 mM SO4, 50 mM NH4, 100 mM Na, 50 mM K)


To make 100 ml:



To make 1 liter:


90 ml water




900 ml water


 6.6 g (NH4)2SO4



 66 g (NH4)2SO4
= 0.5 M


13.6 g KH2PO4



136 g KH2PO4

= 1 M


14.2 g Na2HPO4



142 g Na2HPO4
= 1 M


add in sequence in beaker, stir until all dissolved


pH of 20-fold dilution in water should be ~6.75

50x5052:  (5052 = 0.5 % glycerol, 0.05% glucose, 0.2% α-lactose)


To make 100 ml:



To make 1 liter:


25 g glycerol (weigh in beaker)

250 g glycerol (weigh in beaker)


73 ml water




730 ml water


 2.5 g glucose




 25 g glucose


10 g α -lactose



100 g α -lactose


add in sequence in beaker, stir until all dissolved


lactose is slow to dissolve -- may take two hours or more at room temperature






     can speed up by heating in microwave oven

1 M MgSO4

24.65 g MgSO4-7H2O


water to make 100 ml

40% glucose (w/v)


To make 100 ml:



To make 300 ml:


74 ml water




222 ml water


40 g glucose




120 g glucose


add glucose to stirring water in beaker 


stir until all dissolved -- may take 45 minutes or more at room temperature






  can speed up by heating in microwave oven

80% glycerol (v/v) (= 100% w/v)


100 g glycerol (weigh in beaker)


20 ml water

Stock Solutions (continued)

20% α -lactose (w/v)


To make 100 ml:



To make 600 ml:


87.5 ml water



525 ml water


20 g α -lactose


120 g α -lactose


add lactose to stirring water in beaker


stir until all dissolved -- may take 2 hours or more at room temperature






  can speed up by heating in microwave oven

Kanamycin  (25 mg/ml in water, filter sterilize)

Chloramphenicol  (25 mg/ml in 95% ethanol, filter sterilize)

Ampicillin  (50 mg/ml in water, filter sterilize)

Trace Metals
Lack of trace metals becomes limiting for growth in P-0.5G without added metals.  Iron, manganese and cobalt were the most effective in relieving this limitation.  A concentration of 0.1x trace metals mixture is sufficient to support maximal growth in P-0.5G.  Growth in ZYP medium is not limited by lack of trace metals.

The 1x trace metals mixture is an attempt to saturate almost any metal-containing target protein, even at high levels of expression.  The 1x concentrations are below toxic levels, as tested by growth in different concentrations of the metals individually.  Target proteins produced at 100 mg/liter would have a concentration of 2 uM for a protein of 50,000 Da or 10 uM for a protein of 10,000 Da.  If the metal content of an expressed protein is known, a saturating amount of that metal can be added rather than 1x metals mix.

1000x trace metals mixture (100 ml in ~50 mM HCl)

Add to 36 ml sterile water:




 
MW
1x conc

50 ml

0.1 M FeCl3-6H2O



270.30
50 uM Fe




(dissolved in ~0.1 M HCl = 100-fold dil of conc HCl)


 2 ml

1   M CaCl2




110.99
20 uM Ca


 1 ml

1   M MnCl2-4H2O



197.91
10 uM Mn


 1 ml

1   M ZnSO4-7H2O



287.56
10 uM Zn
 1 ml

0.2 M CoCl2-6H2O



237.95
 2 uM Co


 2 ml

0.1 M CuCl2-2H2O



170.4862 uM Cu


 1 ml

0.2 M NiCl2-6H2O



237.72
 2 uM Ni


 2 ml

0.1 M Na2MoO4-5H2O



241.98
 2 uM Mo


 2 ml

0.1 M Na2SeO3-5H2O



263.03
 2 uM Se

 2 ml

0.1 M H3BO3




 61.83
 2 uM H3BO3
Autoclave the stock solutions of the individual metals, except 0.1 M FeCl3 in 1/100 volume conc HCl.

A brief precipitate appeared upon addition of Na2SeO3, which redissolved rapidly

Store at room temperature

When making growth media, add the metals mix before NPS.  If NPS is already present when 1000x metals mix is added, a precipitate forms which disperses but retains a light turbidity.  If the metals are diluted to near their final concentration before NPS is added, the medium remains clear.  The metals also precipitate and disperse or redissolve when added to ZY, a precipitate caused by yeast extract.  Although apparently not a problem, the precipitate could be avoided by diluting the metals in the water before dissolving the yeast extract in making ZY.

Amino Acids
Methionine

25 mg/ml, autoclave 15 min

17aa (CYM) (10 mg/ml each) (contains no Cys, Tyr, Met)

To 90 ml water in a beaker on a magnetic stirrer, add 1 g each of the following 17 amino acids in the order shown:


 1
Na Glu


 2
Asp


 3
Lys-HCl


 4
Arg-HCl


 5
His-HCl


 6
Ala


 7
Pro


 8
Gly


 9
Thr


10
Ser


11
Gln


12
Asn


13
Val


14
Leu


15
Ile


16
Phe


17
Trp


Asp is slow to dissolve, may need other amino acids for pH balance?


Continue to add the other amino acids, which will dissolve completely


Val, Leu, Ile float on the surface



increase the stirring rate to submerge and dissolve


Stir until everything dissolves to a clear solution before adding Trp


Trp we have is slightly brown flakes



turns solution light brown upon dissolving



some material remained undissolved?


Filter sterilize



most brown material remained on filter



resulting solution was almost colorless (very light brown?)


Can store in refrigerator without precipitation

Vitamins

 Except for B12 relieving the methionine requirement of B834, these vitamins have shown little effect on growth or induction.  Vitamins known to be cofactors of individual target proteins may be added to the growth medium for auto-induction.


Stock solutions:


(make in sterile water, filter sterilize solutions, store in refigerator)





 M.W.
Comment from Merck Index


10 mM nicotinic acid
 123.1


10 mM pyridoxine-HCl
 205.6
sensitive to heat


10 mM thiamine-HCL
 337.3
destroyed by alkali


10 mM p-aminobenzoic acid
 137.1


10 mM hemi Ca D-pantothenate
 238.3
destroyed by acid, alkali, heat


 5 mM vitamin B12
1355


500 uM biotin

 244.3
less stable in alkali


100 uM folic acid
 441.4
dissolve in 0.1 M NaHCO3

100 uM riboflavin
 376.4
sensitive to light, alkali

100 uM vitamin B12  (50-fold dilution of 5 mM stock)

5 vitamins  (200 uM each)


1 ml 500 uM biotin


50 ul 10 mM nicotinic acid



50 ul 10 mM pyridoxine-HCl


50 ul 10 mM thiamine-HCL


50 ul 10 mM p-aminobenzoic acid


1.3 ml sterile water


2.5 ml total

6 vitamins  (200 uM each)


1 ml 500 uM biotin


100 ul  5 mM vitamin B12


 50 ul 10 mM nicotinic acid



 50 ul 10 mM pyridoxine-HCl


 50 ul 10 mM thiamine-HCL


 50 ul 10 mM p-aminobenzoic acid


1.2 ml sterile water


2.5 ml total


P-0.5G or PA-0.5G plates should allow growth and selection of colonies of expression clones without induction.  These media may be better than complex media in plates for selection of expression clones when the target protein is very toxic to the host, as some commercial batches of complex media cause induction at saturation (Grossman et al., Gene 209: 95-103 (1998)), which would kill cells that are able to express the target protein.  Colonies develop more rapidly on PA-0.5G than on P-0.5G plates, but even on P-0.5G plates, BL21(DE3) and B834(DE3) colonies are apparent after overnight at 37(C.  For strains with more complex nutritional requirements, additional amino acids or vitamins may have to be added or ZYP-0.8G plates should be used.

P-0.5G plates


 10 g agar


936 ml water


Autoclave 15 min, mix well, add in the following order:


 1   ml 1 M MgSO4


= 1 mM


 0.1 ml metals mix


= 0.1x


12.5 ml 40% glucose


= 0.5%


50   ml 20xNPS


= 1x

essential amino acid, as needed:


 4 ml methionine (25 mg/ml)

= 100 ug/ml

antibiotics, as needed:


4 ml kanamycin (25 mg/ml) 

= 100 ug/ml


1 ml chloramphenicol (25 mg/ml)
=  25 ug/ml


1 ml ampicillin (50 mg/ml)

=  50 ug/ml


mix well, pour ~20 ml per plate

PA-0.5G plates


 10 g agar


922 ml liter water


Autoclave 15 min, mix well, add in the following order:


 1   ml 1 M MgSO4


= 1 mM


 0.1 ml metals mix


= 0.1x


12.5 ml 40% glucose


= 0.5%


50   ml 20xNPS


= 1x


 4 ml methionine (25 mg/ml)

= 100 ug/ml


10 ml 17aa (CYM)(each 10 mg/ml)
= 100 ug/ml each

antibiotics, as needed:


4 ml kanamycin (25 mg/ml) 

= 100 ug/ml


1 ml chloramphenicol (25 mg/ml)
=  25 ug/ml


1 ml ampicillin (50 mg/ml)

=  50 ug/ml


mix well, pour ~20 ml per plate


ZYP-0.8G plates should be suitable for host strains with complex nutritional requirements and should allow growth and selection of expression clones with little or no induction.

ZYP-0.8G plates


 10 g N-Z-amine AS (or any tryptic digest of casein, e.g. tryptone)


  5 g yeast extract


 10 g agar


930 ml water


Autoclave 15 min, mix well, add in the following order:


 1   ml 1 M MgSO4


= 1 mM


20  ml 40% glucose


= 0.8%


50   ml 20xNPS


= 1x

antibiotics, as needed:


4 ml kanamycin (25 mg/ml) 

= 100 ug/ml


1 ml chloramphenicol (25 mg/ml)
=  25 ug/ml


1 ml ampicillin (50 mg/ml)

=  50 ug/ml


mix well, pour ~20 ml per plate
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