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Abstract

Protocols were developed for high-throughput production of labeled proteins for X-ray and
NMR studies. The protocols take advantage of the conditional auxotrophy of Escherichia.
coli B834 to provide rapid and reproducible growth of the scale-up culture. Protein
expression was controlled by use of an auto-induction medium developed by

Dr. F. W. Studier (Brookhaven National Lab) containing glucose, glycerol, and lactose. The
entire cycle from inoculation of the culture bottle through the growth, induction, and
expression was programmed to take ~24 h. Culture growth in the auto-induction medium
gave an average final optical density at 600 nm of greater than 6 and an average wet cell
mass yield of greater than 10 g/L. Correlations between the cell mass recovered, the level
of protein expression, and the relative amounts of glucose, glycerol, and lactose in the
auto-induction medium were noted. Analysis by mass spectrometry showed greater than
90% incorporation of SeMet, [U-15N] , or [U-1%N, C] in Separate growths to express protein
for the different structural techniques.

Introduction

The major goal of our structural genomic team was to screen a large number of unknown
proteins to find novel folding patters. Conventionally, labeled proteins have been
produced by heterologous expression in Escherichia coli grown in minimal medium, which
requires monitoring of liquid cell cultures as well as manual addition of an induction
reagent. While such methodologies are reliable, they become overly labor-intensive in the
setting of high-throughput protein production. Labeling proteins with selenomethionine
(SeMet) is a well documented process which greatly facilitate analysis of structure by X-ray
crystallography. One of the biggest obstacles to NMR-based structural genomics is the
reliable and efficient production of stable-isotope labeled proteins.

The chemically defined, auto-induction medium developed by William Studier ( Studier,
FW. Auto-induction for protein production in inducible T7 expression systems. Abstracts
of the American Crystallographic Association, Series 2, Volume 30, page 43 (2004)),
requires reduced handing time and, provides great simplicity and flexibility associated with
recombinant protein production and expression within a bacterial system aimed at targeted
range of cell density without laborious monitoring of cell concentrations. This medium,
which uses lactose as an inducer facilitates large-scale production of SeMet labeled
proteins as well as [U-5N] and [U-15N, *C]- labeled proteins with one cell line (B834-
pLacIRARE) and one chemically defined medium that requires minimal adjustment for
producing labeled proteins. We describe a high throughput method, using a Met auxotroph
and codon-adapted strain E. coli B34 pLaciRare as the expression host to produce
different labeled targets with an incorporation of near 100%. CESG large scale pipeline
growths of a positive expressing target are carried out in  single C25-KC incubator shaker
(Figure 1)in 24 hin 2L (PET) bottles, each g 500 mi of
culture.

Figure 1 is a photo of modiied
€ 25-KC shaker used to house
the 2L PET bollles, each
containing a 500 ml culture of

E. coli transformed with the gene
of interest.

Materials and methods

Labeled cell growth media

PA-0.5G medium: The defined medium for the starter culture growth contained (per
100 ml media) ~92.2 ml sterile water, 100 il 1M MgSO,, 10 il trace metal mix, 1.25 mi
40% glucose, 5.0 ml 20x NPS, 0.4 ml methionine (25 mg/ml), 1 ml of 17 amino acid
cocktail (each amino acid 10 mg/mi), 100 ul ampicillin (100 mg/mi), 100 i
chloramphenicol (34 mg/ml) and 100 pl vitamin cocktail including vitamin B12.
PASM-5052 medium: This medium for large-scale growth for SeMet labeling contained
(per liter media) ~901 mi sterile water, 1 ml 1M Mg SO,, 100 il metal mix, 20 ml 5052,
50 mi 20x NPS, 0.4 mi methionine (25 mg/mi), 20 mi of 17 amino acid cocktail (each
amino acid 10 mg/mi), 5 mi of SeMet (25 mg/mi), 1 mi ampicillin (100 mg/mi), 1 mi
chloramphenicol (34 mg/mi), and 1 ml vitamin cocktail (with no vitamin B12).
[U-15N]-P-5052 medium: This medium for large scale growth for 5N labeling contained
(per liter media) ~926 mi sterile water, 1 ml 1M MgSO,, 100 l metal mix, 20 ml 5052,
50 ml 20x [U-15N]- NPS, 1 ml ampicillin (100 mg/mi), 1 mi chioramphenicol (34 mg/mi),
and 1 mi vitamin cocktail (with vitamin B12)
[U-55N, 13C] -P-5052 medium: This medium was prepared for double labeling similar to
[U-55N]-P -5052 medium except with a difference of adding 20 m of [U-5C}-P- 5052
[U-5C glycerol], 0.5%, [U-%C glucose],0.05% and o-lactose, 0.0125%) in a lter.
SeMet-labeled growth
For each target, colonies (1-3) from fresh PA-0.5 G agar media plates were picked to
3 mlPA 0.5 G medium in a test tube and grown 5 to 6 h. at 37°C, 300 rpm. Later, the
test tube starter culture was poured into 100 ml PA 0.5G starter culture medium and
grown for ~ 20 h at 25°C, 300 rpm. A 20 ml aliquot of this starter culture was used to
inoculate 480 ml PASM-5052 medium in 2L PET bottles and was incubated in
refrigerated shakers at 250 rpm, 25°C for 22 to 24 h. The cell growth OD was measured
“The culture was harvested by centrifuging at 5000 xg for 20 min followed by
‘washing with 40 mi of sonication buffer with 20% ethylene glycol. Protein expression was
analyzed by SDS-PAGE (4-20% gradient gel).

[U-N]/ [U-N, 5] -P-5052 labeled arowth

For each target, colonies (1-3) were grown similar to SeMet growth in 3 m of PA 0.5G
medium in a test tube for 5 0 6 h at 37°C, 300 rpm. Later, the starter culture was poured
to 100 ml of PA 0.5G medium and grown for ~20 h at 25°C, 300 rpm. A 20 ml aliquot of
this starter culture was inoculated to 480 ml [U-15N]-P-5052 / [U-1°N, %C]-P-5052
medium in 2L PET bottles incubated at 250 rpm, 25°C for 24 ~ 26 h. The cell growth
was analyzed prior to cell harvest similar to SeMet growth.

‘Table 1 below shows that the auto-induction method gave total yields of puriied SeMet-labeled protein
after proteolysis in the range of 2 1o 70 mg (73 successful purifications out of 85 attempts, 86%)
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Figure 2 below shows representaive results of expression tials for total expression, solubiiy, and
cleavage by TEV protease. Analysis of total protein expression, solubility, and proteolysis of fusion
protein targets using denaturing gel electrophoresis: A) AK099872; B) AK072216; and C) AK065519.
The marked lanes were used (o evaluate total expression (T), soluble expression (S), insoluble or
pellet expression (P), and TEV proteolysis (C). Protein molecular weight markers were loaded in the
first two lanes (8 uL in lane 1 and 2 L in lane 2). In this ﬁgme Ais an example of a scoring of high
total lysis (H, H, H scoring), B is an
example of high total pwleln exprssion igh Soluiity, and mecum percertage o poteoysis (H, H,
M scoring), and C is. im total protein expression, medium solubilty, and weak
Percertage of rteoyss (M, M, W scomg)
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Figure 3 below shows that could be clear d after ~15 .
Atime course of growth and expression in PASM-5052 medium at 25°C for 25 h. Panel A shows an
increase in ODgyy for Atdg34215 (#) and At4g09670 (W); Panel B shows an SDS-PAGE analysis of
protein expression of Atg34215 () and At4god670 (W). Both gels show visible accumulation of the
target protein by ~15 h and received an expression scoring of high at 25 .
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‘Table 2 below shows that Semet concentrations from 62 to 125 mg/L. give faster cel growth without
‘compromising the percentage incorporation,

SeMe(nym)  Celyidd (L) ‘SeMt labeling (%)
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of SeMetwere gron for 24 ha 25'C with shaking a 250 pm.

Figure 4 below shows d SDS-scoring for atfour SeMet
Effects of on the growth of E. coli B834 expressing
PVP13-At5011950. The cultures were grown at 25°C with shaking 21250 1 or 24 . Ponel A shows
growth curves. The SeMet concentrations were (mg L. 125 (W); 250 (+); and 500 (Q).
Panel B shows the denaluring gel analysis: lane 1, 62.5;lane 2, 125; lane 3, 250 and lane 4, 500.
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Figure 5 ilow shows shows tral th Hghe OBy ifter 24 h at 25°C. The cell

at 20°C and 37°C gave noticeably lower ODy vale: temperature on the growth of E. coli
3634 crpreseing AAG19003 om pUPLS. The growth lemperanures were 20°C (T, 25°C (W), 30°C
(4)and 37°C (®)

me )

Figure 6 below shows that increased agitation gave a substantial increase in cell mass. Effect of
agitation on the growth of Arabidopsis targets in PASM-5052 medium. At3g28950 (O 250 rpm;
@ 350 rpm), At4g19003 (4 250 rpm; + 350 rpm), At1g22270 (0 250 rpm; @ 350 rprm) and were
grown at 25 °C for 23 h,

‘Table 3 below shows that [U-15N]- labeled cell growth gave an average final OD of ~5, an average
wet cell mass yield of ~9.5 g/L, and an average yield of ~20 mg of labeled protein
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Figure 7 below shows represeniative expression gels rom e rduction vils i mirkmel

belin fusion
proteins from an e ion mosin containing °C and *N. Six different Arabidopsis proteins
were expressed as a fusion with E. coli maltose binding protein, with the molecular weight of each
fusion being ~66 kDa. The letters at the top indicate the following Arabidopsis proteins: A,
At4g15640; B, At1g04240; C, At5G06450; D, Atdg24380; E, Atlg04250; F, At5g41910. The three
lanes shown for each protein represent total (T), soluble (S), and insoluble (1) fractions of the
clarified cell Iysates as described in Material and Methods. Molecular weight markers (kDa) are:
shown on the left.
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Figure 8 below shows that 0.0125% (whv) a-lactose was sufficient in the double labeled auto-
induction mediurm (o permit expression of arget proteins (a 16-fold reduction relative o the original
P-5052 medium). Cel growth and expression resls fom an wlaciose iraion experiment
conducted vith Al5g11950. Panel A from ODggg t
10h, 15h, 22 h, 25 h and 30 h. The o mueton cares vt ‘grown in medium containing
0.05% (wh) glucose and 0.5% (wiv) glycerol with the following a-lactose levels (wiv): Panel A 0.2%
(9); B, 0.1% (@); C, 0.05% (W); D, 0.025% (+); E, 0.0125% (#); F, 0.0% (O). Panel B shows SDS-
PAGE analysis of fractions collected at 10 h (ief) and 22 h (right) to evaluate protein expression at
each a-lactose level. Lanes A-F have o-lactose levels as indicated for panel A, lane G had no
alactose and IPTG added to a final concentration of 1 mM after 12 h

Fi below shows that I tin the double labeled auto-
induction medium to permit expression of arget proteins (a 16-fold reduction relative to the original
P-5052 medium). Cell growth and expression results from an o-lactose tiration experiment
conducted with At5g11950. Panel A shows from ODggy t
10h, 15 h, 22 h, 25 h, and 30 h. The auto-induction cultures were grown in medium containin
0.05% (whv) glucose and 0.5% (wiv) lycerol with the following a-lactose levels (wiv): A, 0.2% (®);
B.0.1% (#); C, 0.05% (W): D, 0.025% (+); E, 0.0125% (4); F, 0.0% (). Panel B shows SDS-
PAGE analysis of fractions collected at 10 h (left and 22 h (right) to evaluate protein expression at
each a-lactose level. Lanes A-F have o-lactose levels as indicated for Panel A, lane G had o
a-lactose and IPTG added to a final concentration of 1 mM atter 12 h.
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Figure 9 below shows that the OD600 of cell growths using 0.0125% lactose and 0.05% glucose
was dependent on the glycerol level. Cell growth results from a glycerol titration experiment
conducted with At5g1.1950. The cultures were grown in auto-induction medium containing
0.05% (whv) glucose and 0.0125% (wiv) a-lactose with the following glycerol levels (wiv):

0.5%, (#); 0.4%, (); 0.3%, (#); and 0.296, (+). The growth curves were assembled from ODgoy
measurements at 10 h, 15 h, 22 h, 25 h, and 30 h

Table bekowshows that U0} sl protoing exaessed I e P.5052 s
medium had isotof rporation greater than 95% (evaluated by electrospray ionization mass.
Spoctiomety) suabie for elerminaton of NMR stucure.
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Summary of results
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Production of SeMet labeled proteins:

1. In addiion o salts, d trace metals, the
9.4 fold molar excess of SeMet relative to Met and no additional vitamin 8., other than Cary-over
from the scale-up inoculum. This medium also contained glucose and glycerol as carbon sources
and a-lactose as both a carbon source and an inducer.

2. Culture growth in the auto-induction medium at 25°C gave an average final optical density at
600 nm of ~6 and an average wet cell mass yield of ~14 g from 2 lters of culture in greater than
150 expression rials

Analysis by greater than
b ray crystal Structures were solved I
cells grown by auto-induction.

of SeMet. Sofar 14
diffraction phasing using

Production of [U-N] and [U-#N, C] labeled proteins:

1. The large-scale growth and expression uses a chemically defined auto-induction medium
containing salts and trace metals, vitamins including vitamin B, and glucose, glycerol and
lactose.

2. The cell growth in auto-induction medium at 25°C gave an average final optical density of ~5,
an average wet cell mass yield of ~9.5 g/L, and an average yield of ~20 mg of labeled protein.

3. [U3CJ-a-lactose was ot used in the growth medium due to its cost (~83200/g). A level of
0.0125% (i) a-lactose in the double labeled auto- medium was dependent on the
glycerol level to permit expression and isotopic labeling efficiency of target proteins.

4. Mass spectral analysis showed that the purified proteins contained both [U-15N] and [U-1C] at
levels greater than 95%.
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