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Abstract: The aim of this study was to compare the effects of gram-positive enhancer matrix (GEM) prepared with
different dilute acids. Three different dilute acids, H,SO,, HCl and TCA were applied to prepare the GEM particles by
boiling. The optimal preparation conditions were determined by comparing the yield ( bacterial count) , protein removal rate
(SDS-PAGE and protein quantification) and the affinity activity of GEM particles and protein anchor (PA). Furthermore,
the shelf life of GEM was researched at 4 °C and after freeze-drying. The results showed that the yield of the GEM particles
was 89.8% under the treatment of 0.025 mol/L H,S0,, and the protein removal effect and anchoring activity were ideal.
There was no difference in the protein removal rate of GEM under the treatment of 0.050 mol/L HCI and 0.100 mol/L HCI,
and the yield under the treatment of 0.050 mol/L HCI

7S B #:2017-09-27 (99.7%) was higher than that under the treatment of
HEETIR . BEFR HARBFEATH (31502105) ; VLA R BL2F# B 0. 100 mol/L. HC1 (86.5% ). However, the anchoring ac-
FEABHI A 55 L35 H [ ZX(16)2030] tivity of GEM particles with PA under the treatment of

TEER AN MR 1981-) , B PG SOk A -+ BIAFsE 0, FEM 0. 050 mol/L HCI was less than that under the treatment of
HEHAYE G TR API, (E-mail) lipengcheng305 0.100 mol/L HCI. The yield and anchoring activity of
@ 163.com GEM particles obtained by different concentration of TCA
& HEE  RRAKE, (E-mail) houjibo@ jaas.ac.cn were ideal, but the protein removal rate was poor. GEM
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particles were kept 18 months at 4 “C. Freeze drying couldn’ t influence the activity of GEM particles. The results indicated
that the treatments of 0.025 mol/L H,S0, and 0.100 mol/L HCI could produce high-quality GEM particles.
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Fig.1 Observation of gram-positive enhancer matrix ( GEM )
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Fig.2 SDS-PAGE assay of GEM particles prepared with differ-

ent concentrations of H,SO,
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= 0.150 0 81.2+2.7 2.460+0.066
0.300 0 74.1£1.4 2.244+0.031
0.600 0 75.0+1.8 2.272+0.041
1.200 0 69.2+0.7 2.096+0.015
T 0.0125 88.6+1.3 2.684£0.035
0.025 0 89.8+1.7 2.720+0.046
0.050 0 65.7+1.6 1.988+0.032
0.100 0 57.1+0.8 1.728+0.014
FN 4 0.0250 99.8+0.9 3.020£0.027
0.050 0 99.7+0.8 3.016+0.024
0.100 0 86.5+2.0 2.620+0.052
0.200 0 58.3+0.7 1.768+0.012
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Fig.4 SDS-PAGE assay of the anchoring activity between PA

and GEM prepared with different concentrations of
H,S0, and HCI
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Fig.5 SDS-PAGE assay of the anchoring activity between PA

and GEM prepared with different concentrations of

TCA and HCI
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Fig.6 Transmission electron microscope images for GEM particles
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Fig.9 Identification of aging resistance of GEM particles after

freeze-drying

R E TS HAh 2 FhAR IR 22 5 R g, (H H 4%
BT RBRACEZE W RESZ B TCA fE 8 A AR
PRIV B TR G & AR U, 2 68 1 T 2 i K AR
P R A R OvE ) BeAh, B R R T
AR K, TCA AT BEIE A 43 PN BB il 2 5k o
SR, AIEFR, BRINZEERT 5 GEM FURLAY 5
MRAN I, KOG A B A A pH ZEF57E 1.0 4 /& GEM
il & I S E AR R ARG S5 R BoR 1
pH=1.0 B}, HCl 5 H,S0, #l £ /) GEM ki 5t & 11
T TCA,

IEAEK , GEM $ilR iz R C I H T2 Fibt
JEL ) 2% T RE T, OB Sk E VE OOT R R B R
gl ol GEM ik 45 S E A RN E &
P1,-80 C 4 CHERIRAE 12 D H AT i fil 84

AW, O BEIR AT S GEM BURLRE By Y — K
PR AR IS X GEM JUURL £ A7 1 32F 17 37 52,



2 S RS AN T R T 2% TR P MR 58 R BT ( GEML) TSR 14 HL A8 611

GEM JURLA A — Rl JGis PE Y T A Sh e , HAR Bl 2
JIRE MR AR, R R rRR et

AW 5T 45 J: W, 0.025 mol/L Y H, SO, 5

0. 100 mol/LFJ HCI 7] i & /& Bt & ) GEM, 455K
WICHH R 225 145 5 R 2% = B 1 GEM ki
T IR

a8

(1]

BOSMA T, KANNINGA R, NEEF J, et al. Novel surface display
system for proteins on non-genetically modified gram-positive bac-
teria[ J ]. Applied and Environmental Microbiology, 2006, 72
(1) 880-889.

AUDOUY S AL, VAN SELM S, VAN ROOSMALEN M L, et al.
Development of lactococcal GEM-based pneumococcal vaccines
[J]. Vaccine, 2007, 25(13) : 2497-2506.

BAHEY-EL-DIN M, GAHAN C G M. Lactococcus lactis ; from the
dairy industry to antigen and therapeutic protein delivery[ J]. Dis-
covery Medicine, 2010, 9(48) ; 455-461.

RAMASAMY R, YASAWARDENA S, ZOMER A, et al. Immu-
nogenicity of a malaria parasite antigen displayed by Lactococcus
lactis in oral immunisations[ J]. Vaccine, 2006, 24 ( 18) :3900-
3908.

RAMIREZ K, DITAMO Y, RODRIGUEZ L, et al. Neonatal mu-
cosal immunization with a non-living, non-genetically modified
Lactococcus lactis vaccine carrier induces systemic and local Thl-
type immunity and protects against lethal bacterial infection[ J].
Mucosal Immunology, 2010, 3(2) :159-171.

JAFAREI P, EBRAHIMI M T. Lactobacillus acidophilus cell struc-
ture and application [ J ]. African Journal of Microbiology Re-
search, 2011, 5(24) : 4033-4042.

VOLLMER W, BLANOT D, DE PEDRO M A. Peptidoglycan struc-
ture and architecture[ J]. FEMS Microbiology Reviews, 2008, 32(2)

(8]

[10]

[11]

[15]

149-167.

KOC C, GERLACH D, BECK S, et al. Structural and enzymatic
analysis of TarM glycosyltransferase from Staphylococcus aureus re-
veals an oligomeric protein specific for the glycosylation of wall tei-
choic acid[ J]. Journal of Biological Chemistry, 2015, 290(15) ;
9874-9885.

CUMMINS C S, HARRIS H. The chemical composition of the cell
wall in some gram-positive bacteria and its possible value as a taxo-
nomic character[ J]. Microbiology, 1956, 14(3) ; 583-600.
TAKE A, NAKASHIMA T, INAHASHI Y, et al. Analyses of the
cell-wall peptidoglycan structures in three genera Micromonospora ,
Catenuloplanes, and Couchioplanes belonging to the family Mi-
cromonosporaceae by derivatization with FDLA and PMP using
LC/MS[J]. The Journal of General and Applied Microbiology,
2016, 62(4) : 199-205.

CAMPBELL L K, KNOX K W, WICKEN A ]J. Extractability of
cell wall polysaccharide from lactobacilli and streptococci by auto-
claving and by dilute acid[ J]. Infection and Immunity, 1978, 22
(3): 842-851.

TN T KI5 SR SRR R RS AR E
SEMALT] . AP BER A4, 2001,22(22) (102,

VAN ROOSMALEN M L, KANNINGA R, EL KHATTABI M, et
al. Mucosal vaccine delivery of antigens tightly bound to an adju-
vant particle made from food-grade bacteria[ J ]. Methods, 2006,
38(2): 144-149.

ZADRAVEC P, STRUKELJ B, BERLEC A. Improvement of Ly-
sM-mediated surface display of designed ankyrin repeat proteins
(DARPins) in recombinant and nonrecombinant strains of Lacto-
coccus lactis and Lactobacillus species[ J]. Applied and Environ-
mental Microbiology, 2015, 81(6) : 2098-2106.

SANDERS R W, MOORE J P. Native-like Env trimers as a plat-
form for HIV-1 vaccine design[ J]. Immunological Reviews, 2017,

275(1) ; 161-182.

(it £ 4R)



