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ABSTRACT

Recombinant human growth hormone (r-hGH) can be produced by
recombinant Escherichia coli a main host for recombinant protein
productions. In order to improvethe productivity of r-hGH, an orthogonal
(L,(4°<2%)) experiment was applied to optimizethe best culture conditions
for r-hGH production by flask cultures of E. coli BL (21) harboring anew
constructed plasmid (pEHUb-hGH). Based on the results of primary tests,
five factors such as culture medium, culture volume, induction starting
time, r-hGH expressiontime, and | PTG concentration were chosen for this
present investigation asthe main factorsto influencether-hGH expression.
The optimum culture conditions were determined as follows: culture
medium asthe modified TB, culture volume 50 mL, induction starting time
3h, r-hGH expressiontime 7 h, and IPTG 0.3 mmol/L. Under thisoptimized
conditions, the r-hGH productivity could reached 18.72 mg/L-h in flask
culture. A high r-hGH concentration of 4.3 g/L, resulting in a high
productivity of 215 mg/ L-h, could be obtained in the fed-batch culture of

recombinant E. coli.

INTRODUCTION

Human growth hormone (hGH) isknownto becriti-
cd for tissuerepair, musclegrowth, bonestrength, brain
function, physical and mental health, energy, and me-
tabolism. Recombinant human growth hormone (r-
hGH) isidentica to hGH, but synthesized from recom-
binant DNA technol ogy. Although it hasbeen reported
that ther-hGH could be expressed correctly in seeds
of transgenic tobacco plantg®, animal celld”, E.
colil®*31 lactoccus lactid*¥, and yeasts such as S.
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cerevisia€® and P. pastoris® asasecretary product,
recombinant E. coli expression systemswerethe most
effective system. The r-hnGH can be expressed in a
solubleformwith activity or inclusion bodieswithout
activity, whichismainly dependent on protein expres-
sion systems. Generally, the host, vector, and culture
conditionsarethethree mgjor factorsinfluencing pro-
tein expression. Once arecombinant strain was con-
structed, the subsequent stepisusualy to optimizecul -
ture conditionsfor getting ahigh protein concentration
or productivity.
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Inthispaper, anew congtructed fusion protein sys-
tem (plasmid) wasused for r-hGH productioninre-
combinant E. coli. Flask cultureswere carried out to
test the expression of r-hGH. Severa factorssuch as
induction starting time, r-hGH expressiontime, IPTG
concentration etc. which may probably influencer-hGH
expression, wereinvestigated through an orthogona ex-
perimentd test. Theoptimal cultureconditionsfoundin
flask cultureswerefurther confirmed by carrying out
fed-batch culture,

MATERIALSAND METHODS

Microor ganism and plasmid

Escherichia coli BL21 (DE3) wasused asahost
harboring the plasmid pEHUb-hGH for the production
of r-hGH. The detailed information wasshowed ina
previouswork®®.,

Culturemediaand condition

Inorder to check which culturemediaispreferred
togrow cells,amodified TB mediaand modified M9
mediawereused inflask cultures. Thelr compositionis
listedinTABLE 1. Thetraceelement solution contains
per liter of 2.0g FeSO, (7H,0), 0.259 CoSO,, 0.15
g CuSQ, (5H,0), 1.0gMnCl, (4H,0), 0.2 g CaCl,
(2H,0),0.3gH_BO,, 0.02 g (NH,)M0,0,,(7H,0),
0.39ZnCl,, 0.45g ThiamineHCl, and 1.2g citricacid.

TaBLE 1: THE COMPOSI TION OF MODIFIED T B MEDIA AND MODIFIED
MO9MmEDIA

M odified TB media

M odified M9 media

Glycerol (mL/L) 4.0 (/L) 12.8

Y east extract (g/L) NaCl (g/L) 0.5

Trace element

(ML/L) Yeast extract (g/L) 10
MgSO;, (g/L) 35
Glucose (g/L) 5.0
Trace e ement 10
(mL/L)

For flask cultures, recombinant E. coli cellswere
inoculatedinto 10 ml LB media After overnight growth
at 37 °C with shaking, cdlsweretransferredinto 250
ml flasksfilled with different volumeof modified TB or
modified M9 media. Thevolumeratio of cellsto cul-
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turemediawasmaintained at 1:50. Ampicillin (Ap) with
afinal concentration of 100 mg/L wasadded to culture
media. The isopropyl-B-D-thiogalactopyranoside
(IPTG) with different final concentrationswasused for
inducing theexpression of r-hGH. Theinitial glucose
concentrationwas5g/L.

Anorthogonal L (4°+2°) test design was used to
investigatetheoptimal culture conditionsof r-hGH ex-
pressioninflask culturesof recombinant E. coli. Based
on the primary study, five factors were chosen. The
factorsandtheir levelsareshowed inTABLE 2. Ther-
hGH productivity wasthe dependent variable.

TABLE 2: FACTORSAND LEVELSFOR ORTHOGONAL TEST

Variables levels

1 2 3 4
(A) Induction starting time (h) 3 4 5 6
(B) r-hGH expression time (h) 4 5 6 7
(C) IPTG concentration 02 03 04 05
(mmol/L)
(D) culture medium B M9
(E) Culture volume (ml) 50 100

In order tofurther confirm theresultsfoundinflask
culture, afed-batch culturewasdoneina5-L fermen-
tor. Thegasflow-ratewas maintained at 1 vvm based
ontheinitial culture medium volume, and thepH and
temperaturewasmaintained at 6.7 and 37°C, respec-
tively. The dissolved oxygen concentration wasmain-
tained at higher than 30 % of air saturation by auto-
matically increasing the agitation speed up to 950 rpm
and supplying high purity oxygen from oxygen cylinder.
Thefeed solution contained (per liter) 30 g yeast ex-
tract and 520 g glycerol was added with the exponen-
tial feeding Strategy!.

Analysismethods

Thecdl opticad density (OD) and thedry cdl weight
(DCW) were measured using the same methods de-
scribed e sewhere. Protein sampleswere analyzed
by electrophoresison a12% (w/v) SDS-PAGE. And
protein bandson the SDS-PAGE gelswere quantified
by densitometry (ImagerMaster™; PharmaciaBiotech,
Uppsala, Sweden). Theamount of total proteinswas
determined according to the Bradford method using
bovine gammaglobulin asastandard®?. The glucose
concentrationin M9 mediawas measured by the 3, 5-
dinitrosaicylic acid reducing sugar assay™®.
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RESULTSAND DISCUSSION

Cdl growthin different media

Thecultureconditionssuch as culturemedium com-
pogition, pH, temperature, etc., caninfluencecdl growth
and theexpression of recombinant protein. In order to
investigatetheeffectsof culturemediaonthecell growth,
recombinant E. coli wascultivatedinamodified TB
and modified M9 media, respectively. Figure 1 shows
thetimecourse of OD indifferent mediawith/without
IPTG (0.4 mmol/L) induction. It can be seen that OD
could reached about 5.7 inthemodified TB mediawith-
out IPTG induction, whereasit just reached about 4.7
inthemodified M9 media, and the cellsgrew slowly
after 3h. Thismay beresulted from thefast growth of
cdlsininitial 3hand quickly decreasesof glucose con-
centrationin culturemedia Alsoit can befound that the

5 [
—&— TB media

—2— TB with IPTG induction
—d— M9 media

—#— glucose in M9 media

OD 600nm
(4]
(4
Glucose (giL)

0 2 4 6 8 10 12 14
Time (h)

Figurel: Cel growthinmodified M 9and modified TB media

with/without PTG induction

Lanel, MW markers; Lane2-9, induced cdls after 1, 2, 3, 4, 5,
6, 7, and 8 h of IPTG induction; Lane 10, same to lane 2; and
lane 11, without IPTG induction.

Figure2: r-hGH expression in thecultureof recombinant E.
coliinamodified TB mediaat different time.

cdl growthin TB mediabecamealittleslow after the
IPTG induction, however theamount of expressed -
hGH increased dong with theinductiontime (asshown
inFigure 2), where the highest amount of r-nGH was
expressed at 7 h after theIPTG induction.

Optimization of r-hGH expression

Severd parametersinfluencether-hGH expresson
in cultures of recombinant E. coli. In order to check
the effects of each parameter on r-nGH expression,
fivefactors(i.e. culturemedia(modified TB or M9),
induction starting time, r-hGH expressiontime, IPTG
concentration, and culturevolumein 250 ml flask) were
considered here. Anorthogonal L (4°x2?) experiment
was designed and well carried out. Each experiment
wasrepested threetimes, and ther-hGH was quantita-
tively analyzed according to the methods mentioned
above. Theexperimenta resultsand severd parameters
calculated based onthedataare shownin TABLE 3.

It can be seen that the experiment No. 13, 8, 11,
and 2 showed r-hGH productivity in the decreasing
order of 18.72, 15.66, 15.36, and 14.94 mg/L -h, which
arehigher than that obtained in the other experiments.
Theaveragesof eachlevel of factors (indicated ast,,
t,, t,, t,) and ranges were ca culated and showed in
TABLE 3too. According to the orthogonal method,
the factor becomes more important as the range in-
creasedy. Therefore, the ranges for the averagesin
decreasing order wereE, B, C, A, and D (asindicated
inthelast row in TABLE 3). Thefactor E, culturevol-
umeina250 mL flask, indicatestheinfluenceof dis-
solved oxygenlevelsin culturemediaonther-hGH pro-
ductivity. Generaly, thedissolved oxygenlevel incul-
turemediadecreased with theincrease of culturevol-
umeinaflask. Theresultsobtained inthiswork show
that enough oxygen supply isakey rolefor getting a
high r-hGH productivity. Similar result wasreportedin
aprevious researchi*3. According to the orthogonal
method, thelevel of the averageswith the highest r-
hGH productivity corresponded to the optimum condi-
tions. Thehighest r-hGH productivitiesof levelsarehigh-
lightedinboldin TABLE 3(including level oneof A, D
and E, and level four of B, and level two of C). There-
fore, theoptima conditionsdeterminedinthisstudy were
A1l,B4,C2,D1, and E1, under whichther-hGH pro-
ductivity reached 18.72+0.19 mg/L-h. The optimal levels
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TABLE 3: Analysisof L 16(43x22) test results

(A) Induction (B) r-hGH QO IPTG (D) (E) Culture r-hGH
No. starting expression time concentration Culture voiume (ml) productivity
time(h) (h) (mmal/L) medium (mg/L -h)
1 1 2 3 1 2 9.2440.11
2 3 4 1 1 1 14.94+0.21
3 2 4 3 2 2 10.02+0.17
4 4 2 1 2 1 12.9+0.12
5 1 3 1 2 2 8.9440.16
6 3 1 3 2 1 13.62+0.18
7 2 1 1 1 2 6.84+0.14
8 4 3 3 1 1 15.66+0.20
9 1 1 4 2 1 12.48+0.11
10 3 3 2 2 2 10.26+0.12
11 2 3 4 1 1 15.36+0.18
12 4 1 2 1 2 7.5+0.11
13 1 4 2 1 1 18.72+0.19
14 3 2 4 1 2 9.06+0.11
15 2 2 2 2 1 13.2+0.12
16 4 4 4 2 2 9.9+0.11
ty 12.35 10.11 10.91 12.17 14.61
ta 11.36 111 12.42 11.42 8.97
ts 11.97 12.56 12.14
ts 11.49 13.4 11.7
Range 0.99 3.29 151 0.75 5.64
Order” 4 2 3 5 1

* The highest r-hGH productivity of the levelsis highlighted in bold; ** It isthe ordinal numeral for the range sequence of the

five factorsin decreasing order

of A and B show that the earlier induction and thein-
crease of r-hGH expression timewereimport for en-
hancing ther-hGH biosynthes's.

r-hnGH expression in fed-batch culture

The use of fed-batch cultures has been shown to
sgnificantly increasethe cell-density and specific pro-
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Figure3: 5-L scalefed-batch cultureof recombinant E. coli
for r-hGH biosynthesis

tein production. Here, afed-batch culture of recombi-
nant E. coli inthemodified TB mediumwascarried out
for further checking the optimal conditionsfoundinthe
orthogonal experiments, where PTG wasadded in 0.3
mmol/L at the 6" hour, and high purity oxygenwas sup-
plied when the dissol ved oxygen concentration lower
than 30%. Asshownin Figure 3, thedry cell density
couldreach 77.1 g/L, whilether-hGH reached 4.3 ¢/
L, whichisvery closeto result obtained inafed-batch
culturewith complex mediumi*3. Thisshowsthat the
productivity could reach 215 mg/L.

SUMMARY

Thisstudy investigated the effects of severa pa
rameterson ther-hGH expressioninflask cultures of
recombinant E. coli by an orthogond test. It wasfound
that the oxygen supply would play akey roleonther-
hGH expression. The optimal culture conditionsfor
achieving ahighest r-hGH productivity werefound by
anorthogonal L, (4°<2?) test. A high r-hGH concen-
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tration (4.3 g/L) wasobtained inthefed-batch culture
carried out under theoptima conditions. Theseresults
will beuseful for thefurther study onthebiosynthesisof
r-hGH.
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