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Abstract: Hexokinase is a crucial diagnostic reagent in blood glucose testing, which has high
requirements for the enzyme activity and thermal stability. The hexokinases in China mainly rely
on imports and are primarily sourced from yeast, with high costs and poor thermal stability, which
limit the development of blood glucose diagnostic reagents. Therefore, there is an urgent need for
the efficient expression of highly active and thermally stable hexokinases. In this study, an
ATP-dependent hexokinase (glucokinase, Glk) from a thermophilic bacterium Glk was
heterologously expressed in Escherichia coli BL21(DE3). Glk exhibited high specificity for
glucose, dependence on Mg”**, and the highest activity at pH 8.5 and 80 °C. It retained over 90%
activity after storage at 30-37 °C for 7 days, demonstrating thermal stability as an alkaline
glucose kinase. Subsequently, the factors influencing Glk expression, including culture medium,
ODgq0, final concentration of the inducer, induction temperature, and induction duration, were
systematically optimized. The optimization increased the Glk expression by 4.71 folds Glk
compared with non-optimized conditions. After purification, Glk exhibited a specific activity of
(43.05+2.00) U/mg and the purity >98%. In conclusion, the developed expression and purification
method for the highly thermostable hexokinase provides more possibilities for overcoming the
shortcomings in the preparation of blood glucose diagnostic reagents in China.

Keywords: hexokinase; glucose; blood glucose testing; expression optimization; thermal stability
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1 KA # (Escherichia coli) BL21(DE3)H k47
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FH & T )2 (HiTrap Capto Q ImpRes, &4 FL
A= YR (BN A PR /)T Tris-HCL (pH 7.8,
200 mmol/L NaCl)Z&fF Tl Z4 &, Tris-HCI
(pH 7.8, 500 mmol/L NaCh)& M4 F UL Glk, 3%
% Glk 4. Glk &R 4R A g (10
kDa, 2 000xQ)E 2 pi AT EL , MRS
Glk 4lifif§ .
123 GIk BEM TR EE R MR

C R FE(REX G-6-PDH, ¥ NAD'if 5
3 NADH. i, # il #0 NADH 7E 340 nm 4t
P AR AL, AT B R AN O e 1 S .
T 8 SCRH AR AR 1 pmol NADH T 75 2 (1 fiff
o Glk ZU L EEIE ke R (1) sk
1 AR A R . (2) FehiliAR 1 (457 A-E),
30 °C, Wi#A 5 min; K& 2 (i A-D), 80 °C,
Fii#h 5 min, (3) K& 1 A 0.1 mL Glk, &
5], BEFMYGRETTIE 30 °C)Kl 340 nm F
NADH W58k, 4% 1 min 05 1Y%, 1 10 min,
(4) IRFZ2MA 0.1 mL Glk, JR%E), 4J8¥80°C
JOW 5 min, K EAFIEROVEEANT 0.01 mL i
M OE, WA, BEUAERFTHIAZ 25 °C)fill
340 nm F NADH W68 4k, & 1 min & 11K,
M 10 min,

Table 1 Reagents for determining Glk ratio enzyme activity

Reagents Amount (mL)
A 50.00 mmol/L Tris/HCI pH 7.80 (13.30 mmol/L MgCl,) 2.30

B 0.67 mol/L D-glucose (prepared with Reagent A) 0.50

C 16.50 mmol/L ATP (prepared with Reagent A) 0.10

D 6.80 mmol/L NAD" (prepared with Reagent A) 0.10

E 300.00 U/mL G-6-PDH (prepared with Reagent A) 0.01

F 50.00 mmol/L Tris/HCI (13.30 mmol/L MgCl,), add 0.10% BSA (bovine serum albumin, >98%) pH 8.50

Enzymes Glk was diluted to 10.00 pg/mL with Reagent F for 30.00 °C and 2.00—3.00 pg/mL for 80.00 °C 0.10
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Table 2 Determination of Glk specific enzyme activity under different conditions

No. Phosphoric acid donor Hexose substrate Divalent metal ions pH Temperature
©)
ATP, ADP D-glucose Mg** 7.80 30.00
2 ATP D-glucose, D-fructose, D-galactose, D-mannose ~ Mg*" 7.80 30.00
3 ATP D-glucose Mg**, Mn*", 7.80 30.00
Co*, Ca?*
4  ATP D-glucose Mg2+ 6.50—10.00 30.00
ATP D-glucose Mg* 8.50 25.00—100.00
®3 Gk REMUCBERZLW
Table 3  Single factor experiment of Glk expression optimization
No. Culture medium Induce ODg4yy IPTG final Induce Duration of  Glycerol Mg** Tryptone
concentration  temperature induction (h) (mL/L) (mmol/L) (g/L)
(mmol/L) (°C)
1 LB 0.60—1.60 0.50 30.00 10.00 0.00 0.00 10.00
2 LB 1.20-1.40 0.01-1.00 30.00 10.00 0.00 0.00 10.00
3 LB 1.20-1.40 0.01 25.00-37.00 10.00 0.00 0.00 10.00
4 LB 1.20-1.40 0.01 30.00 4.00-36.00  0.00 0.00 10.00
5 LB, TB,SOB, 1.20-1.40 0.50 30.00 10.00 0.00 0.00 10.00
LBG TBG SOBG
6 LB 1.20-1.40 0.01 30.00 14.00 0.00-10.00  0.00 10.00
7 LB 1.20-1.40 0.01 30.00 14.00 2.00 0.00—20.00  10.00
8 LB 1.20-1.40 0.01 30.00 14.00 2.00 1.00 10.00-20.00
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Glk EASTEAN 31 kDa, FEAET L
W, PR AR RS, Glk
WEHE FIEWAE 65 °CAAF T IMITRE CEFMZHTHE
B 25 )2 B kk k47 4l ik )5 15 81 Glk 4l .

SDS-PAGE 73t & B, AHLL TR Glk, Ni
FEVERE Y Glk Al Ni-Q AR Glk H =8 115
B (E 1B). RAEAXG)IHE Glk WE
IFE Glk FIMCR K4 s, mak 4 ar%,

Glk ¥ B AU . Ni AE4lifk . Ni-Q 4
aifbf5, Glk BRI E>97%, sifbfEEh
IEHL, BB R alifb A IR A sialifh Glk, HAR
e 4 25T, Glk BERE L3R4 Ni-Q k4l
tbia, M Taifbns, aifbfi%eh 3.68, Glk 52
brgli i 20.46% %2 =5 & 95.82% , LTI i
0.06 U/mg 25 Z 43.05 U/mg. % 500 mmol/L
NaCl PR TEER , DAHEBR PRI I p s vk i
T Glk GRS ER TS Ul , &
B 500 mmol/L NaCl X} Glk i Jo i 35 152
(& 1C), {HALAEDEH] 500 mmol/L NaCl % &fifk J5
RUH A Glk 2/, ok 500 mmol/L NaCl
X IACRAE Glk B2, R, 765 B 2%

2 V3 4 400 -

=30 °C

Expression and purification of Glk. A: Expression of Glk. M: Protein marker; 1: Non-induced

supernatant; 2: Non-induced group precipitate; 3: Induced group supernatant; 4: Induced group precipitation. B:
SDS-PAGE for the Glk purification process. M: Protein marker; BSA: Bovine serum albumin (>98%); 1:
Unpurified; 2: After thermal sedimentation; 3: Ni column chromatography purification; 4: Ni-Q column
chromatography purification. C: Difference of specific enzyme activity of Glk before and after desalination. ns:
No significant difference.
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T4 Gk @R
Table 4 Glk purification efficiency

Purification steps Before purification =~ Thermal Ni column Ni-Q column
sedimentation chromatography chromatography
purification purification
Total protein concentration (mg/L) 494.74 293.06 105.49 99.99
Glk concentration (mg/L) 101.22 98.26 96.18 95.82
Actual purity (%) 20.46 33.53 91.60 95.82
Purification factor - 0.64 3.48 3.68
Glk recovery rate (%) - 97.08 97.88 99.63
Glk specific enzyme activity (U/mg) 0.06 0.11 38.20 43.05

—: No data.
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Figure 2 Basic properties of Glk. A: The difference of Glk specific enzyme activity under different metal
ions, phosphate donor and hexose substrate. B: Thermal stability of Glk at different temperatures. C: The
difference of Glk specific enzyme activity under different pH at 30 °C. D: The difference of Glk specific
enzyme activity under different temperatures at pH 8.5. **** represents P<0.000 1; ns: No significant

difference.
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Figure 3  Effect of induce ODggp on the soluble expression of Glk. A: The difference of Glk expression by LB
media under different induce ODgg. M: Protein marker; BSA: Bovine serum albumin (>98%); 1: Non-induced
supernatant; 2: Non-induced group precipitate; 3, 5, 7: Supernatant of induce ODggo 0.6, 0.8, 1.0; 4, 6, 8:
Precipitation of induce ODgg 0.6, 0.8, 1.0. B: The difference of Glk expression by LB media under different
induce ODgo. 1, 3, 5, 7: Supernatant of induce ODg 1.2, 1.4, 1.6, 1.8; 2, 4, 6, 8: Precipitation of induce ODg
1.2, 1.4, 1.6, 1.8. C: Differences in soluble expression of Glk and ODgy in E. coli BL21(DE3) under different
induced initiation ODg at the end of induction. D: Specific enzymatic activity of Glk expressed in different
induced initiation ODg at 30 °C and 80 °C. ns: No significant difference.
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Figure 4 Effect of IPTG final concentration on the soluble expression of Glk. A: The difference of Glk expression
by LB media under different IPTG final concentration. M: Protein marker; BSA: Bovine serum albumin (>98%). B:
Differences in the ODgg of E. coli BL21(DE3) and the soluble expression of Glk at the end of induction under different
final IPTG final concentrations. C: The specific enzymatic activity of Glk expressed under different final IPTG
concentrations at 30 °C and 80 °C. **** represents P<0.000 1; ** represents P<0.01; ns: No significant difference.
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Figure 5 Effect of induced temperature on the soluble expression of Glk. A: The difference of Glk expression
in LB media under different induced temperature. M: Protein marker; BSA: Bovine serum albumin (>98%); 1,
2, 3: Supernatant after induction at 20, 30, 37 °C; 4, 5, 6: Precipitation after induction at 20, 30, 37 °C. B:
Differences in the ODgg of E. coli BL21(DE3) and the soluble expression of Glk at the end of induction under
different induce temperature. C: The specific enzymatic activity of Glk expressed under different induce
temperature at 30 °C and 80 °C. **** represents P<0.000 1; ***represents P<0.001; ns: No significant difference.
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TR, BRI 12 h S84t 18 h B, Glk
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BL21(DE3)#iA Glk i35 72 3 mi o A T LA A vl
Rt M AR ER B Glk nliEtERkE .
HAGLB. TB. SOBIX 3 fit 7 i KIGHFF %
IR VR RN IR AL, 7R 3 PR
BArRIE I 5 /L A bR IR B IR A 4
LBG. TBG. SOBG. %I LB. TB. SOB .
LBG. TBG. SOBG It 6 FlAS ] fy 55 72 R 7155
5%k Glk, ® 7A., 7B fR, 1E LB i3k
Fih Glk B H AT 1A S8 5] 238.9 mg/L, &
F TB. SOB. LBG. TBG #i1 SOBG }; 55 5:rh %
ik Glk B H A5 . X LB, TB. SOB,
LBG. TBG. SOBG L 6 FA [m] iy K5 I BL itk A 7175
FRKiIE Glk #HATALIFRI LLEFE (B 7C), &
U RS IR 15 2 L 75 3R A 1 Glk 2l
FE Z MR R M B2 5. Bk, LB 5%
FHEWE T84 E. coli BL21(DE3)#ik Glk.,

234

&: 010-64807509

A
Induction duration (h)

kDa M4 6 8 10121416182436 BSA

70—s= EE==
B Ci-3RBREEEEY
B !l i% 88 Gk
25— N 31 kD
17—
10—
B
~ 4001 10
Eﬂ 320/® Glk expression mODy,, | g
§ 240} .6C§
S 160t ns  {4°
o M
§ 80 é 712
=4
© 0 468 I()IZI82436 0246843 O
c Induction duration (h)
100 450
>~ = 30 °C 80 °C 2%
£E et
3360- ns 11/ 7.l 270%%
LY enanznnsl ||V
€ 40! 180§,°o
< 1 N
a8 20} é Eéé/ llloo o =
0 i AAA 0

/
6 810121416182436 4 6 810121416182436
Induction duration (h)

6 FERKI Gk AAMRIENENT

Figure 6 Effect of induction duration on the soluble
expression of Glk. A: The difference of Glk
expression in LB media under different induction
duration. M: Protein marker; BSA: Bovine serum
albumin (>98%). B: Differences in the ODgy of E.
coli BL21(DE3) and the soluble expression of Glk at
the end of induction under different induction
duration. C: The specific enzymatic activity of Glk
expressed under different induction duration at 30 °C
and 80 °C. ns: No significant difference.
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Figure 7 Effects of diverse media on the soluble expression of Glk. A: The difference of Glk expression
induced by diverse media. M: Protein marker; BSA: Bovine serum albumin (>98%). B: Differences in the
ODy¢qo of E. coli BL21(DE3) and the soluble expression of Glk at the end of induction under different media. C:
The specific enzymatic activity of Glk expressed under different media at 30 °C and 80 °C. ** represents
P<0.01; * represents P<0.05; ns: No significant difference.
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Figure 8 Effect of glycerol final concentration on the soluble expression of Glk. A: The difference of Glk
expression in LB media under different glycerol final concentration. M: Protein marker; BSA: Bovine serum
albumin (>98%). B: Differences in the ODgq of E. coli BL21(DE3) and the soluble expression of Glk at the end
of induction under different Glycerol final concentrations. C: The specific enzymatic activity of Glk expressed
under different glycerol final concentrations at 30 °C and 80 °C. **** represents P<0.000 1; ns: No significant
difference.
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Figure 9 Effect of Mg”" final concentration on the soluble expression of Glk. A: The difference of Glk
expression in LB media under different Mg®" final concentration. M: Protein marker; BSA: Bovine serum
albumin (>98%). B: Differences in the ODgq of E. coli BL21(DE3) and the soluble expression of Glk at the end
of induction under different Mg®" final concentrations. C: The specific enzymatic activity of Glk expressed
under different Mg”" final concentrations at 30 °C and 80 °C. ns: No significant difference.
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Figure 10 Effect of tryptone addition on the soluble expression of Glk. A: The difference of Glk expression in
LB media under different tryptone addition. M: Protein marker; BSA: Bovine serum albumin (>98%). 1, 3, 5:
Precipitation after induction by 10, 15, and 20 g/L tryptone; 2, 4, 6: Supernatant after induction by 10, 15, and
20 g/L tryptone. B: Differences in the ODggo of E. coli BL21(DE3) and the soluble expression of Glk at the end
of induction under different tryptone addition. C: The specific enzymatic activity of Glk expressed under
different tryptone addition at 30 °C and 80 °C. ** represents P<0.01; * represents P<0.05; ns: No significant
difference.
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BL21(DE3)§I§@§ ODgo Tf{?ﬁj]ﬂ 10 g/L %%Eﬂﬁt\iﬁ
A 393, FEWINKTF 10 g/L BRE A G /NT
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RIS 35 290.18 mg/L, KT 10 g/L & (A R
FREAR . USSR LB B 5 a4 R 1
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298.91 mg/L, BALMFTHAES T 4.71 £, X%
IREACHT S Y Glk SEBEEA PRSI, 1 11C /Y
SRR, FRIXUAHTIE Glk B HEHE 2Z )4
KA 2R, Hit, fifk E. coli BL21(DE3)
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FE . ERK DL SRR, — e e
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A PHERIROK

Table 5 Expression conditions of Glk before and after optimization

Items Culture  Induce Final IPTG Induce Duration of Glycerol  Mg* Tryptone
medium  ODgg concentration  temperature  induction (h) (mL/L) (mmol/L)  (g/L)
(mmol/L) (°C)
After LB 1.20-1.40 0.01 30.00 14.00 2.00 1.00 10.00
optimization
Before LB 0.60-0.80  0.05 30.00 10.00 0.00 0.00 10.00
optimization
A B C
kDa BSAM 1 2 3 4 5 6 5 %r 110 100 1%
a = Glk expression = OD, o o —
=0 500+ 600 | ~genl =30°C = 80 °C | 2
= =M - Bl 47x 208 18 2R w 1POEE
%g:—: ;rii i 5“00- -6Q§§é60- 22
——=s=mu Glk 'z 300} 1,8 20 4l g5
10 . WS- . C 200 6 %é“o 88
17 — i 5]00. 12 [52620- m ®
— ~
- O 5 o0 0 0
(4} Q.
93;\@ Q&
$ &

11 Gk M RIEBALATEITEE
Figure 11

Comparison of soluble expression of Glk before and after optimization. A: SDS-PAGE analysis of

Glk before and after optimization. M: Protein marker; BSA: Bovine serum albumin (>98%); 1, 3, 5:
Precipitation, supernatant, and cell after optimization; 2, 4, 6: Precipitation, supernatant, and cell berfore
optimization. B: Differences in soluble expression of Glk before and after potimization. C: Specific enzymatic
activity of Glk before and after optimization at 30 °C and 80 °C. ns: No significant difference.
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$0) B3 5 7 228 B A A L T T A e A AR
PO . g AR A = TR PR A KR
B, FOAHOCHE FURBRZE X R e, Rk AR
FE M ORI A AR S0 42 . Fujita 25007
1999 4FHIE T g PEERE COBE G I AHOC LR,
ZOHHEERTE 37 «CTFIV 7 d JEhRREIRE
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Glk B8 SRl IPTG KM E . 5 SR
. iE SR KRB B SR, B
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30 °CHN 80 °CF A LUl o PRI, 4N O R
P FRB S AR A K o RS, ARDFRCR T 2
mAYE, 7E LB KRS ie T H . Mg
M A G, 4558 BRIk )E r R 5
SLREfE R IEE 4] E. coli BL21(DE3)HIA: K 4%
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Table 6 Comparing the recombinant expressing of hexokinases from different sources

Sources Expression host Optimal enzyme Enzyme References
activity assay activity
temperature (°C) (U/mg)
Escherichia coli E. coli BL21(DE3) 30 13.81 [33]
Thermoanaerobacter tengcongensis E. coli BL21(DE3) 80 43.30 [34]
Pyrobaculum calidifontis E. coli BL21-CodonPlus 90 367.00 [18]
(DE3)-RIL
Helianthus annuus L. E. coli XL-Blue 22 19.30 [35]
Schistosoma mansoni E. coli - 60.00+£14.00 [36]
Trypanosoma cruzi E. coli XL1-blue 25 19.44 [37]
Human brain E. coli BL21(DE3) 37 67.80+5.20 [38]
Nosema bombycis E. coli BL21(DE3) 37 130.00 [39]
Thermoproteus tenax E. coli BL21(DE3) 30 43.05+2.00 This study

—: This data is not available in the cited references.
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