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Abstract
AIM: T� c��str�ct th� r�c��bi���t�c��bi���t ��ct�c�cc�s l�ctis �s 
�r�l ��liv�ry v�cci��ti�� ����i�st ��l�ri�.

METHODS: Th� C�t�r�i��l 19�k� fr������ts �f ���1 
(����1�1119) �f �l�s���i�� y��liil�s���i�� y��lii y��lii 265�BY� ��s �xpr�ss�� i� ��s �xpr�ss�� i� 
�. l�ctis ��� th� r�c��bi���t�� th� r�c��bi���t�c��bi���t �. l�ctis ��s ���i�ist�r�� 
�r�lly t� BA�B/c ��� C57B�/6 �ic�. Aft�r s�v�� i�t�rv�lB�/6 �ic�. Aft�r s�v�� i�t�rv�l �ic�. Aft�r s�v�� i�t�rv�l 
v�cci��ti��s �ithi� 4 �k�� th� �ic� ��r� ch�ll������ �ith th� �ic� ��r� ch�ll������ �ithch�ll������ �ith �ith �. 
y��lii  265�BY� p�r�sit�s �f �rythr�cytic st����. Th� pr�t�c��BY� p�r�sit�s �f �rythr�cytic st����. Th� pr�t�c�BY� p�r�sit�s �f �rythr�cytic st����. Th� pr�t�c�p�r�sit�s �f �rythr�cytic st����. Th� pr�t�c� �rythr�cytic st����. Th� pr�t�c�ythr�cytic st����. Th� pr�t�c�thr�cytic st����. Th� pr�t�c� pr�t�c�
tive efficacy �f �ec���i�a�t�f r�c��bi���t�c��bi���t �. l�ctis ��s �v�l��t��.

RESULTS: Th� p��k p�r�sit��i�s i� �v�r���� f�r th� �x�th� �x�
p�ri���t ��r��ps �f BA�B/c ��� C57B�/6 �ic� ��r� �.��BA�B/c ��� C57B�/6 �ic� ��r� �.���ic� ��r� �.����r� �.���.���
�.4�� ��� 2�.��26.5���� r�sp�ctiv�ly�� ��� th�s� �f th�ir�� ��� 2�.��26.5���� r�sp�ctiv�ly�� ��� th�s� �f th�ir2�.��26.5���� r�sp�ctiv�ly�� ��� th�s� �f th�ir�26.5���� r�sp�ctiv�ly�� ��� th�s� �f th�ir26.5���� r�sp�ctiv�ly�� ��� th�s� �f th�ir���� r�sp�ctiv�ly�� ��� th�s� �f th�ir�� r�sp�ctiv�ly�� ��� th�s� �f th�ir r�sp�ctiv�ly�� ��� th�s� �f th�ir�s� �f th�ir �f th�ir 
c��tr�l ��r��ps ��r� 12.���.��� ��� 6�.��9.6���� r��s ��r� 12.���.��� ��� 6�.��9.6���� r�� ��r� 12.���.��� ��� 6�.��9.6���� r��2.���.��� ��� 6�.��9.6���� r����.��� ��� 6�.��9.6���� r���.��� ��� 6�.��9.6���� r���� ��� 6�.��9.6���� r����9.6���� r���9.6���� r��9.6���� r������ r���� r��
sp�ctiv�ly. ���� �f th� BA�B/c �ic� i� b�th �xp�ri���t�l. ���� �f th� BA�B/c �ic� i� b�th �xp�ri���t�l th� BA�B/c �ic� i� b�th �xp�ri���t�l BA�B/c �ic� i� b�th �xp�ri���t�l 
��r��p ��� c��tr�l ��r��p �i�� ��ri��� th� �xp�ri���t. th� �xp�ri���t. �xp�ri���t. 
����v�r�� �ll th� C57B�/6 �ic� i� th� c��tr�l ��r��p �i���ll th� C57B�/6 �ic� i� th� c��tr�l ��r��p �i��th� C57B�/6 �ic� i� th� c��tr�l ��r��p �i�� �i���i�� 
�ithi� 2�� � ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll.i� 2�� � ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll.2�� � ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll.�� � ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll. � ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll. ��� �ll th� v�cci��t�� �ic� s�rviv�� ��ll. �ll th� v�cci��t�� �ic� s�rviv�� ��ll.s�rviv�� ��ll.. 

CONCLUSION: Th� r�s�lts i�ply th� p�t��ti�l �fi�ply th� p�t��ti�l �f p�t��ti�l �f�f 
r�c��bi���t �. l�ctis �s �r�l ��liv�ry v�cci��ti�� ����i�st�r�l ��liv�ry v�cci��ti�� ����i�st 
��l�ri�.
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INTRODUCTION
The development of  efficacious vaccines against malaria 
is one of  the greatest challenges for the application of  
current life sciences in infectious diseases. The easiness of  
administration of  a vaccine provides an attractive alterna-
tive to continue drug treatments in a population exceeding 
hundreds of  millions of  people with limited health care 
resources. Merozoite surface protein 1� �M��1��� is present �M��1��� is present�M��1��� is present 
in all species of  Plasmodium[1����1�����, and has �een widel�� studiedhas �een widel�� studiedwidel�� studied 
as the ma�or candidate for vaccine against malariathe ma�or candidate for vaccine against malariacandidate for vaccine against malaria for vaccine against malaria[��������������. 
The high level expression of  M��1� ��� Plasmodium in the 
asexual stage is closel�� related to its invasion into er��th�vasion into er��th�into er��th-
roc��tes. M��1� can �e proteol��ticall�� cleaved into five. M��1� can �e proteol��ticall�� cleaved into fiveM��1� can �e proteol��ticall�� cleaved into five 
fragments ��� two processing steps after the maturation 
of  merozoite� with the car�ox��l�terminal 1�9�ku fragment 
�M���1��1�1�1�9�� remaining on the merozoite surface[6��������. The 
M���1��1�1�1�9 comprises two epidermal growth factor ������� ��������������
like modules. Anti�odies directed to this fragment have 
�een shown to inhi�it the invasion of  Plasmodium fal�i�a�uml�i�a�um�i�a�um 
into er��throc��te in vit�o[9�1���9�1���� and intranasal or su�cutane�and intranasal or su�cutane-
ous immunization ma�� protect mice against the challenge 
of  Plasmodium �o�liiium �o�liium �o�lii asexual �lood�stage parasite[1�1��1�1���. The 
recom�inant M���1��1�1�1�9 has �een expressed in several host 
organisms� such as Es�h��i�hia �oli[1���1����� Sa��ha�om���s ���ivisa�[1�1��1�1���� 
Ba�illus Calm�tt�-Gu��in �BC���[1���1����� and Baculovirus[1���1����. It 
has also �een proven to �e immuno�effective against the also �een proven to �e immuno�effective against the �een proven to �e immuno�effective against theproven to �e immuno�effective against the 
challenge of  parasite. In vaccination experiments with In vaccination experiments with 
recom�inant M���1�1�1�9 from P. �o�lii� immunized mice were 
protected against challenge with �lood�stage parasites� andparasites� and� and 
the protection was confirmed to �e largel�� mediated ���was confirmed to �e largel�� mediated ���as confirmed to �e largel�� mediated ���confirmed to �e largel�� mediated ���largel�� mediated ��� 
anti�odies[1���1����1���1���. 

The development of  efficient mucosal vaccines is oneis one 
of  the hotspots in modern vaccinolog��. �ne approach tos in modern vaccinolog��. �ne approach to in modern vaccinolog��. �ne approach toin modern vaccinolog��. �ne approach to �ne approach to�ne approach toapproach to to 
deliver the protective antigens to the mucosal surfaces is toto the mucosal surfaces is to the mucosal surfaces is to 
use live �acteria carr��ing plasmids responsi�le for the ex� carr��ing plasmids responsi�le for the ex�carr��ing plasmids responsi�le for the ex-
pression of  specific antigen. �ntil recentl�� most of these �ntil recentl�� most of these�ntil recentl�� most of  these 
are derived from attenuated pathogenic microorganisms�� 
such as Salmon�lla t��hi[1��� and �hlo��lla[1�9�. As an alternatives an alternative 
to this strateg��� non�pathogenic food grade �acteria such 
as lactic acid �acteria are �eing focused for their efficac�� as 
live antigen carriers[���. �a�to�o��us la�tis�a�to�o��us la�tis has a long histor�� of  
�eing used in food fermentations and has �een� therefore� 
generall�� regarded as a safe ��RA��� status[�1���1���. This food�
grade lactic acid �acterium is a�le to survive through the 
gastrointestinal tract of  human �eings and other animals� 
with a retention time of  ��� d� �ut it does not invade or 
colonize the mucous and does not evoke strong host im�us and does not evoke strong host im�and does not evoke strong host im�host im�im-
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Oral vaccination of mice against rodent malaria with 
recombinant Lactococcus lactis  expressing MSP-119
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mune responses[�1���1��1��. The availa�ilit�� of  various food�grade 
genetic engineering s��stems forengineering s��stems fors��stems for �. la�tis[������� makes the �ac-
teria a potentiall�� functional food or medicines ��� express� functional food or medicines ��� express�express-
ing heterogeneous peptides. Recent report using heterogeneous peptides. Recent report usingheterogeneous peptides. Recent report using �. la�tis 
preloaded with a �acterial antigen� tetanus toxin fragment 
C of  Clost�idium t�tanus� demonstrated the feasi�ilit�� of  this 
approach: a protective s��stemic anti�od�� response was 
elicited after nasal or oral immunization of  mice[�1���1���. �imi��imi-
lar stud�� was carried out ��� �eecarried out ��� �ee��� �ee �t al[�������� in which ureaseurease 
su�unit B ��reB�� gene of��reB�� gene ofgene ofof  H�li�oba�t�� ��lo�i was expressedwas expressed 
in �. la�tis. la�tis la�tis M�1��6� and the recom�inant �acterium wasthe recom�inant �acterium wass 
used as an oral vaccine againstan oral vaccine againstn oral vaccine against vaccine against H ��lo�i infection in mice. 
However� in this case no protective effect was o�served�no protective effect was o�served� was o�served�was o�served� 
which implied that the ad�uvant effects ofimplied that the ad�uvant effects ofied that the ad�uvant effects of the ad�uvant effects of�uvant effects of �. la�tis are likel�� 
to �e insufficient to produce an effective immune response 
to protect against H ��lo�i challenge� when used to deliver a 
weak immunogen like �reB. 

�ince the use of  oral �or other mucosal�� routes for 
immunization against malaria is also desira�le due to the 
easiness of  administration� we attempted� we attempted �. la�tis as the liveas the live 
vehicle for vaccine development against malaria. In thisfor vaccine development against malaria. In thisagainst malaria. In thismalaria. In this. In thisIn thisn this 
work� we showed that the oral immunization� with recom� showed that the oral immunization� with recom�showed that the oral immunization� with recom�ed that the oral immunization� with recom� that the oral immunization� with recom�that the oral immunization� with recom-
�inant �. la�tis constitutivel�� expressing M���1�constitutivel�� expressing M���1�ing M���1� M���1��1�1�1�9 antigen�� 
could protect BA�B�c and C��B��6 mice against malariaprotect BA�B�c and C��B��6 mice against malariaand C��B��6 mice against malariamice against malariamalaria 
parasites challenge. 

MATERIALS AND METHODS
Genes, ���s���s, ����e���, �n� �������� ����s��es���s���s, ����e���, �n� �������� ����s��es
The DNA fragment encoding for M���1��1�1�1�9 domain was 
amplified from the genomic DNA of  P. �o�lii. �lasmid�lasmid 
pTRK�� was from �rof. Todd R. Klaenhammer at �ood�ood 
�cience Center� North California �niversit��� ��A[��������. Clon-
ing vector pBluescript�KII���� was from �trategene ��a�KII���� was from �trategene ��a���� was from �trategene ��a was from �trategene ��awas from �trategene ��a 
Jolla� CA� ��A��� and fusion�protein expression vector� and fusion�protein expression vectorrotein expression vectorotein expression vector 
p��X��X�� was from Amersham �harmacia.�harmacia.. �. la�tis. la�tisla�tis 
�M���� was from �rof. Keith Thompson at Agriculture was from �rof. Keith Thompson at Agriculturewas from �rof. Keith Thompson at Agriculture�rof. Keith Thompson at AgricultureKeith Thompson at Agriculture 
and �ood �cience Center� Newforge �ane� Northern Ire-
land. �a�toba�illus b��vis �ATCC������ andATCC������ and������ and Ba�illus subtilis 
BR1��1� �ATCC��6���� were purchased from the American 
T��pe Culture Collection. P. �o�lii. �o�lii�o�lii �6��BY was ��� �rofes-
sor Wei�in �uan at �econd Militar�� Medical �niversit��� 
�hanghai� China.

Cons��u���on of ex��ess�on ve��o�
The plasmid for the expression of M���1�plasmid for the expression of  M���1��1�1�1�9 fragmentfragment 
was constructed ��� conventional DNA recom�ination 
manipulation. The promoter region and the first fivepromoter region and the first fiveregion and the first five 
amino acids of  the signal peptide�coding region of  ��la��er��la��er 
protein A �Sl�A�� gene �nucleotides 1������ �enBankgene �nucleotides 1������ �enBank�nucleotides 1������ �enBank 
Z1������� was amplified ��� pol��merase chain reaction ��CR��was amplified ��� pol��merase chain reaction ��CR����� pol��merase chain reaction ��CR�� 
from genomic DNA of  �. b��vis. b��vis b��vis with forward primer 
�CT�A�CTC�ATTACAAA��CTTTAA�CA��T-
TA�T�AC �with Sa�I site�� and reverse primer �TC�-
�ATCCTAAACTT�ATT�CATAATCTTTCTTCCTCC 
�with BamHI site��. The DNA fragment encoding M���1� The DNA fragment encoding M���1�The DNA fragment encoding M���1�M���1�1�1�9 
�nucleotides � ����� ��1�� �enBank A�1�6�9���� was was 
amplified from the genomic DNA of  P. �o�lii. �o�lii �o�lii �6�BY� with 

forward primer AC���ATCCAA CACATA�CCT-
CAATA�CT �with BamHI site�� and reverse primer AC-
��AATTCTA�CT�� AA�AACTACA�AA �with 
E�oRI site��. The terminator of  N�acet��lmuramo��l�����l���l���
alanine amidase ��wlB�� �nucleotides � 1����� ��1�� �enBank�� �nucleotides � 1����� ��1�� �enBank �nucleotides � 1����� ��1�� �enBank� 1����� ��1�� �enBank 1����� ��1�� �enBank1����� ��1�� �enBank�� ��1�� �enBank� ��1�� �enBank ��1�� �enBank��1�� �enBank�enBank 
M�1������ was amplified from�� was amplified from Ba�illus subtilis BR1��1� ��� 
�CR with forward primer CTC�A�CTCCACAA�C-
TATTCAT�AC �with XhoI site�� and reverse primer ��-
TACCTCTCT �CACTCACT� ACACA �with K�nI site��. 
The �CR products were cloned on T�vector ��romega� 
��A�� first� and then �oined together in a tandem wa�� on 
pBluescript�KII���� with restriction enz��me pairs of�KII���� with restriction enz��me pairs of���� with restriction enz��me pairs ofwith restriction enz��me pairs ofrestriction enz��me pairs of  Sa�I�
BamHI� BamHI�E�oRI� and XhoI�K�nI respectivel�� to o�-
tain plasmid p�K����T. �or expression of  M���1�1�9 in �. 
la�tis� p�K����T was then digested with PvuII to release 
the 1�.6�k� �lunt�end fragment� which was then inserted 
into the E�oRV site of  shuttle vector pTRK��[��������. The final 
construct was referred as p������T. �or expression of  
fusion protein ��T�M���1��1�1�1�9 in E. �oli� the DNA fragment 
encoding M���1��1�1�1�9 was derived ��� �CR and �oined to fu-
sion protein expression vector p��X��X�� withX�� with�� with BamHI 
and E�oRI sites. The derived plasmid was noted as p��X�X�-
M���1��1�1�1�9.

T��nsfo�����on
�lectroporation[�������� was used to transform �. la�tis �M���� 
with p������T. CaCl� method was used to transform E. 
�oli B��1� with plasmid p��X��X��.

P�e������on of �n��se�u� �g��ns� P. yoe��� 265-BY
The antiserum against P. �o�lii �6��BY was prepared from 
BA�B�c mice infected with 1��A�B�c mice infected with 1���c mice infected with 1��� asexual �lood stage para-
sites. The serum was collected from the e��e veins � d after 
�urst with 1��� parasites one month after infection� and 
stored at � ℃.

Ex��ess�on �n� �n��ys�s of ��P-��n� �n��ys�s of ��P-�of ��P-��9 �n E. �o�� �n� L. �����s
The B��1� transformant har�oring plasmid p��X� transformant har�oring plasmid p��X�
M���1��1�1�1�9 was cultured in ���roth to A6�� around 1�.�� and 
was treated with supplement containing 1�.� mmol�� of with supplement containing 1�.� mmol�� ofcontaining 1�.� mmol�� of 1�.� mmol�� ofmmol�� of of  
isoprop��lthio�β�galactoside �I�T��� for � h. The fusionside �I�T��� for � h. The fusion �I�T��� for � h. The fusionThe fusionfusion 
protein ��T�M���1���T�M���1�1�9 was purified from cell l��sate ���was purified from cell l��sate ���from cell l��sate ��� 
affinit�� chromatograph�� of �lutathione �epharose��B of �lutathione �epharose��Bof  �lutathione �epharose��B�lutathione �epharose��B 
according to manual instruction provided ��� the manufac�al instruction provided ��� the manufac�instruction provided ��� the manufac-
turer. The purified fusion protein was used as positive con�. The purified fusion protein was used as positive con�was used as positive con� used as positive con�used as positive con-
trol of immuno�lotting. To express M���1�of  immuno�lotting. To express M���1�immuno�lotting. To express M���1��1�1�1�9 in �. la�tis la�tisla�tis� the 
transformant har�oring plasmid p������T was cultured 
overnight in MR� medium[�6��6�6� supplemented with 1�� mg�� 
er��throm��cin. The cells were collected ��� centrifuge� andr��throm��cin. The cells were collected ��� centrifuge� and��throm��cin. The cells were collected ��� centrifuge� and. The cells were collected ��� centrifuge� andcells were collected ��� centrifuge� and� and and 
the l��sates were anal��zed ��� using �D��pol��acr��lamide gell��sates were anal��zed ��� using �D��pol��acr��lamide gels were anal��zed ��� using �D��pol��acr��lamide gel were anal��zed ��� using �D��pol��acr��lamide gel �D��pol��acr��lamide gel�D��pol��acr��lamide gelpol��acr��lamide gelr��lamide gel��lamide gel 
electrophoresis anal��sis followed with immuno�lotting ���with immuno�lotting ��� immuno�lotting ������ 
using antiserum against P. �o�lii �6��BY �1�:��� dilution��. �1�:��� dilution��.�1�:��� dilution��.ion��.��.. 
All other operations were performed following standardfollowing standard standardstandard 
protocols[��������.

O��� ���un�z���on of BALB/� �n� C57BL/6 ���e w��h �e-
�o���n�n� L. �����s 
�ral immunization experiments were performed according 
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was used as the positive control of  immuno�lotting.

Ex��ess�on of ��P-�-���9 �n L. �����s. �����s�����s
�or the expression of  M���1��1�1�1�9 in �. la�tis la�tisla�tis� the transfor-
mant har�oring plasmid p������T was cultured overnight 
at �� ℃ in MR� medium[�6��6�6� supplemented with 1�� mg�� 
er��throm��cin.r��throm��cin.��throm��cin.. The cells were collected ��� centrifuge� andcells were collected ��� centrifuge� and� and and 
the l��sates were anal��zed with �D���A��. However� nol��sates were anal��zed with �D���A��. However� nos were anal��zed with �D���A��. However� no were anal��zed with �D���A��. However� no 
o�vious protein �ands around 1�9 ku were detected. Im� detected. Im�detected. Im�m-
muno�lotting with antiserum againstwith antiserum againstantiserum against P. �o�lii �6��BY was 
applied to check if  there was low�level expression of  
M���1�1�9. As a result� the presence of M���1� As a result� the presence of  M���1�1�9 was con-
firmed ��� immuno�lotting as shown in lane � of  �igure �. 
The stained protein �and at 1�9 ku was a little �it �road. 
This might �e the result of  partial degradation of  M���1�1�9 
in E �oli cells. At least part of  the expressed M���1�1�9 was in 
its native structure� since the antiserum prepared ��� P. �o�lii 
parasites infection is considered to preferentiall�� recognize 
the M���1�1�9 fragment located on er��throc��te mem�rane 
with the native conformation. 

In lane � of  the positive control� two protein �ands 
were stained: one was at �� ku� and the other was slightl�� 
�elow �� ku� �ut not detecta�le on �D���A�� with 
Coomassie �rilliant �lue staining. When fusion protein is 
isolated from inclusion �od�� of  corresponding E. �oli and 
refolded ��� rapid dilution method� onl�� one protein �and 
could �e stained �data not shown��. Therefore� we conclud-
ed that the low molecular weight protein was the degraded 
fusion protein present in the solu�le fraction of  E. �oli. 

Ev��u���on of ��o�e���ve ���un��y �n�u�e� �y �e�o���n�n� 
L. �����s �����s�����s
�revious work of  Tian �t al[��� indicated that mice with 
different genetic �ackgrounds ma�� have quite different 
responses to P. �o�lii infection. C��B��6 mice showed the 
highest level against challenge with infected er��throc��tes 
after immunization with recom�inant proteins consisting 
of  the ���M���1� C terminus in ad�uvants. In this work� two 
strains of  mice� BA�B�c and C��B��6� were used for oralC��B��6� were used for oral� were used for oral 

to the protocol descri�ed ��� Ro�inson �t al[�1���1���. The BA�B�
c and C��B��6 mice were divided into groups of 1�� miceand C��B��6 mice were divided into groups of 1�� mice were divided into groups of  1�� mice 
and fed for 6�� wk. The test group was administered with 
recom�inant �. la�tis constitutivel�� expressing M���1��1�1�1�9� 
and the control groups were administered with freehe control groups were administered with freeontrol groups were administered with freegroups were administered with frees were administered with free were administered with freewere administered with free administered with freeed with free with freewith free freefree �. la�tisla�tisis 
�acteria or phosphate��uffered saline ��B���. �or BA�B�cor phosphate��uffered saline ��B���. �or BA�B�cphosphate��uffered saline ��B���. �or BA�B�cor BA�B�c 
mice� ever�� dose containing ��1��ever�� dose containing ��1��9 �acterial cells in the 
suspension �uffer ��.� mol�� sodium �icar�onate� ��� Ca� ��.� mol�� sodium �icar�onate� ��� Ca���.� mol�� sodium �icar�onate� ��� Ca� mol�� sodium �icar�onate� ��� Ca�mol�� sodium �icar�onate� ��� Ca� ��� Ca���� Ca-
sino acids� and �.��� glucose���� and for C��B��6 mice �twoglucose���� and for C��B��6 mice �twolucose���� and for C��B��6 mice �two �two 
dosage groups��� ever�� dose containing ��1��� ever�� dose containing ��1��9 or 1��1��or 1��1���1��1��8 
cells were administered. All the groups were administered administered. All the groups were administered All the groups were administeredAll the groups were administeredadministered 
with recom�inant �. la�tis. la�tis la�tis on d 1�� �� �� �9� ��� �1�� and �6�d 1�� �� �� �9� ��� �1�� and �6� 1�� �� �� �9� ��� �1�� and �6�and �6��6�� 
respectivel��. 

Challenge infections and evaluation of protective efficacy
Mice in each group were challenged on d �9 with 1��1��each group were challenged on d �9 with 1��1�� group were challenged on d �9 with 1��1�� with 1��1��with 1��1��5 
asexual �lood stage P. �o�lii parasites o�tained from a do-
nor mouse. �arasitemia was monitored ever�� two da��s af�. �arasitemia was monitored ever�� two da��s af��arasitemia was monitored ever�� two da��s af-
ter challenge using microscopic examination of  �lood film 
with �iemsa staining.�iemsa staining.ing..

RESULTS
Ex��ess�on of fus�on ��o�e�n G�T-��P-�-���9 �n E. �o�� �o���o�� 
The fusion protein ��T�M���1��1�1�1�9 was expressed in E. �oli 
B��1� transformed with plasmid p��X�M���1��M���1�M���1��1�1�1�9. The 
transformed B��1� cells were cultured in ���roth until the 
A6�� reached 1�.�� and then induced with 1�.� mmol�� I�T� 
for � h. Total proteins of  B� �1� E. �oli cells were anal��zed 
��� sodium dodec��l sulfate�pol��acr��lamide gel electropho-
resis ��D���A����. As shown in lane � of �igure 1�� the ��D���A����. As shown in lane � of �igure 1�� the��D���A����. As shown in lane � of  �igure 1�� the 
thick �and of  the expressed protein showed a molecular 
weight of  �� ku� matching well with the theoretical value 
of  fusion protein ��T�M���1��1�1�1�9. The expressed fusion 
protein was a�out ���� of  the total protein of  E. �oli cells. 
Most of  the fusion protein was found in inclusion �od���as found in inclusion �od���found in inclusion �od��� 
�ut a small fraction was solu�le. �lutathione �epharose��B�lutathione �epharose��B 
affinit�� chromatograph�� was carried out with the solu�le was carried out with the solu�lewas carried out with the solu�le 
fraction of  E. �oli cell l��sate� and the derived fusion protein 
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Figure 1 ����������� ��� �������� �������� �������������� ��� �������� �������� ������ E. coli BL21 c�ll�. ��������� ���ll�������������� ���ll����� 
�l��-�������d 12% SDS-��ly�c�yl���d� g�l. l���� 1, �������� ��������� l���� 2,��������� l���� 2,��� l���� 2, l���� 2,l���� 2, 
����l �������� ��� BL21 c�ll��� l���� �, ����l �������� ���BL21 c�ll��� l���� �, ����l �������� ����� l���� �, ����l �������� ���l���� �, ����l �������� �������l �������� ��� E. coli BL21 ������������d �����������������d ����� 
�l����d ����-��-� ����� ���� ���d�c������� l���� �, ����l �������� �������-��-� ����� ���� ���d�c������� l���� �, ����l �������� ����-� ����� ���� ���d�c������� l���� �, ����l �������� ���-� ����� ���� ���d�c������� l���� �, ����l �������� ��� ����� ���� ���d�c������� l���� �, ����l �������� �������� ���� ���d�c������� l���� �, ����l �������� ��� ���d�c������� l���� �, ����l �������� ������d�c������� l���� �, ����l �������� ���l���� �, ����l �������� �������l �������� ��� E. coli BL21 c�ll� 
����������g �l����d ����-�S�-1�l����d ����-�S�-1����-�S�-1-1119 ������ ����� ���� ���d�c�����. ���� ������ ���d�c��� ����� ���� ���d�c�����. ���� ������ ���d�c��� 
���� ���������� ��� �S� ���d �������� �������� �S�-�S�-1�S�-�S�-1-1119.
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Figure 2 ��������l������g ����ly��� ��� �S�-1��������l������g ����ly��� ��� �S�-119 ��������d ��� L. lactis. ���������������� 
samples were first analyzed on 12% SDS-polyacrylamide gel and then transferred 
��� ������c�ll�l��� ��������� ���ll���d �y ����������������g ����� ���������� �������d 
�y ������c����g ����� ����� P. yoelii ���������. l���� 1, �������� ������� �������d �y 
���d� �l�c��� l���� 2, �������� c������l ��� �������� �������� �S�-�S�-1�� l���� 2, �������� c������l ��� �������� �������� �S�-�S�-1l���� 2, �������� c������l ��� �������� �������� �S�-�S�-1�������� c������l ��� �������� �������� �S�-�S�-119 purified from E. 
coli c�ll ly���� ����������g ���� �������� �������� �y ����-�S�-1ly���� ����������g ���� �������� �������� �y ����-�S�-1 ����������g ���� �������� �������� �y ����-�S�-1-1119�� l���� �, ����l ��������l���� �, ����l ������������l �������� 
��� L. lactis c�ll� ����������g �l����d �L2-�S��. ���� ������ ���d�c��� ���� ��������� ����l����d �L2-�S��. ���� ������ ���d�c��� ���� ��������� ����L2-�S��. ���� ������ ���d�c��� ���� ��������� ��� 
�������� �������� �S�-�S�-119 ���d �S�-119.



immunization for comparison. 
�or BA�B�c mice� two control groups were designed. 

Mice were administered with phosphate��uffered saline in 
control group 1�� with ��1��9 per dose of  original �. la�tis 
cells in control group �� and with ��1��9 per dose of  �. 
la�tis cells carr��ing p������T construct in the test group� 
respectivel��. After seven doses of  vaccination� each mouse 
was challenged with 1��1��5 asexual �lood stage parasites. 
The parasitemias were measured from the next da�� of  
parasite challenging. The average and standard deviation of. The average and standard deviation of  
each group are shown in �igure �. The peak p�arasitemias 
were �.���.��� at d � for test group� 1�6.��1�.��� at d � for�.���.��� at d � for test group� 1�6.��1�.��� at d � for�.��� at d � for test group� 1�6.��1�.��� at d � for6.��1�.��� at d � for��1�.��� at d � for�1�.��� at d � for1�.��� at d � for 
control group 1�� and 1��.���.��� at d � for control group ��1��.���.��� at d � for control group ���.��� at d � for control group �� 
respectivel��. There was little difference �etween the peak 
parasitemias of  the two control groups. Therefore� thethe 
non�specific immunit�� caused ��� the ad�uvanticit�� ofcaused ��� the ad�uvanticit�� ofad�uvanticit�� of  �. 
la�tis was little. It should �e noted that the appearance ofle. It should �e noted that the appearance of It should �e noted that the appearance of  
parasitemia in the test group was one�da�� dela��ed com-
pared with the control groups. None of  the mice in an�� 
of  the three groups died during the experiment. �verall��verall� 
the BA�B�c mice in all the three groups had the a�ilit�� toc mice in all the three groups had the a�ilit�� to mice in all the three groups had the a�ilit�� toin all the three groups had the a�ilit�� tohad the a�ilit�� tod the a�ilit�� to the a�ilit�� to 
scavenge P. �o�lii parasites from their �odies ��� themselves. ��� themselves. 
  �or C��B��6 mice� one control group and two test  �or C��B��6 mice� one control group and two testor C��B��6 mice� one control group and two test one control group and two test 
groups were designed. Mice were administered with �����
1��9 plasmid�har�oredplasmid�har�ored �. la�tisla�tisis cells per dose in test group 
1�� and 1��1��1��1���1��1��8 cells per dose in test group �. Vaccinationper dose in test group �. VaccinationVaccination 
was performed ��� the same protocol for BA�B�c mice�c mice� mice� 
and the parasitemias were measured from the next da�� ofhe parasitemias were measured from the next da�� of  
parasite challenging. As shown in �igure �A� the average�igure �A� the average� the average 
peak parasitemias for the three groups were 6�.��9.6��s for the three groups were 6�.��9.6�� for the three groups were 6�.��9.6��for the three groups were 6�.��9.6��6�.��9.6��9.6���� 
for the control group� �1�.6��.��� for test group 1�� and�.��� for test group 1�� and�� for test group 1�� and 
��.���6.��� for test group �� respectivel��. �urprisingl����6.��� for test group �� respectivel��. �urprisingl����� for test group �� respectivel��. �urprisingl����urprisingl���� 
test group � administered with 1��1��administered with 1��1��1��1���1��1��8 �acterial cells per�acterial cells per 
dose gained significantl�� stronger immune protection than gained significantl�� stronger immune protection thansignificantl�� stronger immune protection thanimmune protection thanion than than 
test group 1�� which was administered with 1�� times more� which was administered with 1�� times morewhich was administered with 1�� times moreered with 1�� times morered with 1�� times moreed with 1�� times more with 1�� times mores more more 
�acterial cells per dose. However� the standard deviationcells per dose. However� the standard deviation per dose. However� the standard deviation 

of  test group � was remarka�l�� �igger than the other two 
groups. This was largel�� due to the difference �etween 
individuals. Another important fact that should �e noted 
was that all the mice in the control group died within �� dll the mice in the control group died within �� dthe control group died within �� dcontrol group died within �� din �� d�� d3� �� �� 
after parasite infection� whereas all the vaccinated mice� whereas all the vaccinated miceall the vaccinated mice 
survived despite the high parasitemias ��igure �B��. Afterthe high parasitemias ��igure �B��. Afterhigh parasitemias ��igure �B��. After ��igure �B��. After. After After 
�� d counting from the da�� of  parasite challenging� ma-
larial parasites were no more detecta�le in �oth of  the two 
test groups �data not shown��� implicating the complete 
elimination of  the P. �o�lii parasites. 

We also checked the duration of  recom�inant �acteria 
in mice gut ��� investigation of  the titers of  recom�inant 
�acterial cells in mice feces. After feeding of  a single dose 
of  ��1��9 recom�inant cells� the recom�inant �. la�tis 
reached a peak at 6 h with a densit�� of  1��1��1��1���1��1��� cells�g of  
feces� and then graduall�� decreased with time. The densit�� 
of  recom�inant cells decreased to 1��1��1����g at �� h� and  
1��1��1��3��g at �� h. Therefore� the interaction �etween the host 
and recom�inant �acterial cell could �e as long as � d per dose. 

Figure �� ���� Blood-stage parasitemia of immunized B��B�c mice challenged withB��B�c mice challenged withc���ll���g�d ����� 
P. yoelii 26�BY ���������. ��c� ���� ���lly �d����������d ����� ��c� ���� ���lly �d����������d ��������lly �d����������d ������d����������d ����� �BS ��� ���� c������l ��� ���� c������l���� c������lc������l 
group 1 (-□-), with 5×109 ��� d��� ��� ����� L. lactis c�ll� ��� ���� c������l g���� 2���� c������l g���� 2c������l g���� 2 
(-○-), and with 5×109 ��� d��� ��� L. lactis c�ll� c���y���g �L2-�S�� c�������c� ��� ���� 
test group (-▲-), respectively.� �mmunization procedure is descri�ed in �aterials �mmunization procedure is descri�ed in �aterials�� d��c����d ��� �������l�� d��c����d ��� �������l� 
and �ethods, and each mouse was challenged with 1×10�ethods, and each mouse was challenged with 1×10ethods, and each mouse was challenged with 1×10×1010� ������l �l��d-���g� P. 
yoelii ���������.
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Figure 4 ��A) Blood-stage parasitemia of immunized C57B��6� mice challenged ��c� c���ll���g�dc���ll���g�d 
����� P. yoelii 26�5BY parasites.� �ice were orally administered with 5×10 �ice were orally administered with 5×10orally administered with 5×10administered with 5×109 ��� d��� 
��� ����� L. lactis cells in the control group (-□-), with 5×10the control group (-□-), with 5×10control group (-□-), with 5×105×10×10109 �L2-�S�� �l����d-�L2-�S�� �l����d-
��������d L. lactislactisis cells per dose in the test group 1 (-▲-), and with 1×10with 1×10×10108 c�ll� 
��� d��� ��� �L2-�S�� �l����d-��������d��� �L2-�S�� �l����d-��������d�L2-�S�� �l����d-��������d �l����d-��������d L. lactis cells in the test group 2 (-�-).�in the test group 2 (-�-).� 
�mmunization procedure is descri�ed in �aterials and �ethods, and each mouse�� d��c����d ��� �������l� ���d ������d�, ���d ��c�� ������ d��c����d ��� �������l� ���d ������d�, ���d ��c�� �����������d�, ���d ��c�� ����������d�, ���d ��c�� ����� 
was challenged with 1×10×1010� ������l �l��d-���g� P. yoelii ���������. �B) Time 
course of survivals of the mice in the three groups is indicated in �.� is indicated in �.� indicated in �.�
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DISCUSSION
It is known that the immunogenicit�� of  solu�le protein 
is low when administered orall�� �ut when expressed ��� 
geneticall�� engineered �acteria and can �e considera�l�� 
enhanced. To achieve this goal� promoters that can drive 
the expression of  a gene constitutivel�� are essential. ��la��er 
protein is a protein that forms regular cr��stalline arra��s on 
prokar��otic cell surface. The sl�A promoter can express 
the β�lactamase constitutivel�� at a high level in �. la�tis la�tisla�tis[�������. 
However� it failed to express M���1�1�9 with high efficienc�� 
in this stud��. The expression of  M���1�1�9 in �. la�tis la�tisla�tis could 
�e detected onl�� ��� immuno�lotting�� therefore� it was es-
timated at the level of  several nanograms per 1��� �acterial 
cells. 

�nexpectedl��� the low�level expression of  M���1�1�9 in 
�. la�tis was still a�le to elicit strong protection against P. 
�o�lii infection on �oth BA�B�c and C��B��6 mice ��� 
oral administration. Although BA�B�c mice seemed to �e 
a�le to scavenge the malarial parasites ��� themselves� the 
parasitemia was reduced more than 1���folds �less than 1����� 
in the test group compared with the control groups. In the 
case of  C��B��6 strain� all the mem�ers in the control 
group died within �6 d after the infection� whereas all the 
mem�ers in the two test groups survived� and the parasites 
disappeared from �oth groups one month after the para-
site challenging. 

The different immune responses of the two C��B��6he different immune responses of the two C��B��6s of the two C��B��6 of  the two C��B��6 
test groups also support the point of view that the expres� also support the point of  view that the expres�the expres-
sion level of  M���1�1�9 is not critical for the elicitation of  
immune response� i.e.� the group administered with a low� i.e.� the group administered with a lowhe group administered with a low 
dose of  the recom�inant �acterium gained stronger pro-
tection than the group administered with a high dose. The 
reason for the difference �etween the two groups is not 
clear at present�� however� this might �e partiall�� due to im-
mune tolerance caused ��� overdose. In the stud�� ��� Ro�-
inson �t al[�1���1���� expression of  tetanus toxin fragment C of  
C. t�tanus in the intracellular accumulation of  �. la�tis was 
up to ��� of  solu�le cellular protein� and ��1��9 cells were 
orall�� administered per dose to gain complete protection 
of  mice from tetanus. Therefore� the optimal dose and the Therefore� the optimal dose and theTherefore� the optimal dose and the 
time schedule for oral administration should �e carefull�� 
determined for each antigen. 

It is striking to find the difference in immune response 
�etween the two strains of  mice� BAC��c and C��B��6. 
�ur results partiall�� support the report ��� Tian �t al[��� that 
C��B��6 mice are most sensitive toare most sensitive to P. �o�lii infection. InIn 
most cases� BA�B�c and C�H�He mice are used for pro-
tection test of  a vaccine. �ur results suggest that at least 
for protection experiments� C��B��6 mice are �etter to �e�etter to �e�e 
used in parallel.   

In vaccination experiments with recom�inant M���1�1�1�9 
of  P. �o�lii� the protection effect has �een found to �e 
mediated ��� humoral immune response[1���1����1���1���. Ro�inson Ro�insonRo�inson �t 
al[�1�� also reported high titers of  Ig� against tetanus toxin. 
We also tried immuno�lotting and ��I�A test with sera 
from the survivals of  C��B��6 mice in the test groups �data 
not shown��. Nearl�� all the mice generated Ig� against 
M���1�1�9� and there were no significant differences �etween 

the two test groups at the titers of  Ig�. In general� the� the the 
titers were �etween ��1���1��1��� and ��1��and ��1����1���1��1��3�� lower than the 
titers reported ��� Ro�insonRo�inson �t al. �n the other hand� 
�ee �t al[��� measured the antigen�specific Ig� titers in 
monke��s immunized with recom�inant �. la�tis �acterium 
expressing H ��lo�i U��B gene� and titers as high as 1��1��� and titers as high as 1��1���1��1��5 
were detected. However� despite the presence of  high�
titer antigen�specific Ig�� all monke��s were infected afterall monke��s were infected after 
H ��lo�i challenge� and there were no differences in the 
densit�� of  colonization. Taking our results o�tained from Taking our results o�tained from 
low�dose test group of C��B��6� we suggest that high��dose test group of C��B��6� we suggest that high�dose test group of  C��B��6� we suggest that high�
titer antigen�specific Ig� should not �e considered as 
the ma�or indicator of  the protective immune response. 
The role of  cell�mediated immunit�� pla��ed in live �acteria 
vaccine should �e focused. 
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