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To determine whether a protective immune response could be elicited by oral delivery of a recombinant 

bacterial vaccine, tetanus toxin fragment C (TTFC) was expressed constitutively in Lactococcus lactis and 

administered orally to C57 BL/6 mice. The antibody titers elicited were lower than those following intranasal 

immunization (a route already known to result in high-level systemic anti-TTFC immune responses) but the 

protective efficacy was the same order of magnitude. The serum antibody isotypes elicited were pre

dominantly lgG1 and lgG2a. TTFC-specific fecal lgA responses could be detected following oral or 

intranasal immunization. Chemically killed lactococci administered via the intranasal route were also 

able to elicit serum antibody responses of similar levels and kinetics to those induced by live bacteria. 
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In order to devise novel orally delivered vaccines from recombinant 

systems that have sufficient cloning capacity to enable them to be 

developed as combined- or trans-disease vaccines, the lactic acid 

bacterium Lactococcus lactis has been tested as a vector for oral vacci

nation'. The use of oral (or other mucosal) routes for immunization 

against infective diseases is desirable because oral vaccines are easier 

to administer, have higher compliance rates, and because mucosa! 

surfaces are the portals of entry for many pathogenic microbial 

agents. An ideal mucosa! vaccine should activate the local, mucosa! 

immune system ( which requires exposure of inductive mucosa! sites 

to antigen' ), and be capable of eliciting appropriate humoral or cell

mediated responses from the systemic immune system as well'. 

L. lactis is a non-pathogenic, non-invasive, and non-colonizing 

Gram-positive bacterium which possesses G.R.A.S. (generally 

regarded as safe) status. The bacterium is not adapted for growth 

in vivo (it does not belong to the commensal species oflactic acid 

bacteria) and it has not been observed to replicate in vivo, except 

in the gut of gnotobiotic mice'. Desired recombinant antigens can 

be produced by the bacteria during growth in vitro' that can also 

be targeted to different cellular compartments in which their 

immunogenicity differs'. Immunogens expressed by recombinant 

lactococci are presented to the immune system in particulate form 

and should therefore be less likely to induce oral tolerance than 

soluble antigens6'7, L. lactis is approximately the same size as 

biodegradable microparticles which are known to be taken up by 

M cells, and to be capable of acting as effective oral vaccine vehi

cles•. Antigen within a lactococcus is protected against direct con

tact with gastric acid and proteolytic enzymes. 

For these reasons, L. lactis may be a particularly attractive option 

for the vaccination of young infants, the elderly, and the immuno

suppressed, and would broaden the range of available recombinant 

bacterial vaccine vectors'. Chemical inactivation oflactococcal vac

cine strains may improve safety further. Formalin-fixation, which 

results in the formation of stable methylene bridges between amino 

acids", however, has been shown to adversely affect the antigenicity 

and immunogenicity of bacteria and viruses11
-". Alternatively, mito

mycin C (MC) treatment, which prevents DNA synthesis", halts the 

production of cellular proteins but leaves protein structures intact. 

The antigen used in this study, tetanus toxin fragment C 
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(TTFC), is a 47 kDa fragment of the tetanus holotoxin heavy chain 

that includes the ganglioside binding domain. The protein is a 

well-defined nontoxic and protective immunogen against tetanus". 

TTFC has been expressed in L. lactis using a constitutive Jactococ

cal expression system that has been assembled in a plasmid vector 

series designated pTREX. Expression ofTTFC by a pTREXl vector 

results in the intracellular accumulation ofTTFC to approximately 

1-3% of soluble cellular protein' (Fig. I). 

Parenteral 1• and intranasal' vaccination of mice with recombi

nant L. lactis can elicit levels of systemic serum antibodies against 

tetanus toxin which protect against subsequent challenge with oth

erwise lethal quantities of tetanus toxin. We now show that protec

tive level humoral immune responses can also be elicited by oral 

(intra-gastric) dosing with constitutive TTFC expressor strains. 

Results 

Serum artti-TfFC antibody response following mucosal immuniza

tion. Immunization with recombinant L. lactis constitutively express

ing TTFC (strain UCP1060) resulted in peak IgG titers of 1 X 10• from 

oral immunization, while intranasal inoculation with this strain 

elicited serum titers of2 X 10' (Fig. 2). The end-point titers of sera from 

groups of mice which were unvaccinated (naive) or administered the 

control non-expressor strain (UCPI401) were not significantly differ

ent (p>0.05) at any point during the 35-day time course. The groups 

vaccinated with the TTFC-expressor strain by either route responded 

with significantly higher TTFC-specific serum IgG titers than their 

corresponding control groups (p = 0.001) from day 21 onwards. 

Serum anti-lactococcal antibody responses following mucosal 

immunization. The serum titers of vaccinated mice were found to 

be significantly higher than those of the naive group in every case (p 

= 0.00 l) from day 7 onward. The group vaccinated orally with the 

non-expressor control strain responded with significantly higher 

anti-lactococcal antibody titers than the other groups. On day 35 

(Fig. 3), sera from the group vaccinated orally with the non-expres

sor strain contained a mean anti-lactococcal antibody titer of 

5.9X IO', significantly higher (p = 0.013) than samples from animals 

inoculated orally with the TTFC-expressor strain (mean titer of 

713). In contrast, anti-lactococcal antibody titers of the intranasally 

immunized groups were not significantly different (p = 0.531). 
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Serum antibody isotype responses. Sera from mice immu

nized 41 days previously were tested by ELISA for the presence of 

TTFC-specific IgG, IgA, and IgM antibody isotypes and IgG 1, 

IgG2a, lgG2b, and IgG3 subclasses. Mice vaccinated orally with the 

TTFC-expressor strain responded with TTFC-specific serum anti

body responses predominantly of the IgG 1 and IgG2a isotypes 

(Fig. 4). The mean titers were significantly different from baseline 

titers detected in naive mice (p = 0.001) and in the non-expressor 

(sham-vaccinated) control group (p = 0.001). 

Intranasal inoculation with the expressor strain also elicited 

serum antibody responses predominantly of the IgG 1 and IgG2a 

isotypes which were significantly higher than the corresponding 

isotype levels detected in the control groups (p = 0.001). Sera from 

groups vaccinated with the non-expressor control strain did not 

respond significantly (p>0.05) in any of the isotypes tested when 

compared with non-vaccinated control animals (Fig. 4). 

Mucosa! antibody responses. Fresh fecal pellets were collected 

from groups of mice that had been immunized orally or intranasally 

with recombinant lactococci. Extracts were tested by ELISA for 

TTFC-specific IgA (Fig. 5). Immunization with the pTREXl-TTFC 

strain by either of these routes elicited an antigen-specific mucosa! 

IgA response. On day 15 after oral inoculation, the mean OD read

ing of the sample from the group given pTREXl-TTFC was 0.511 

compared with 0.327 from the group given pTREXl and 0.200 from 

the naive group. On day 24, the readings from the pTREXl-TTFC 

group were still higher than the control groups, but on day 38 the 

readings for the three groups were similar. Following intranasal vac

cination, however, the fecal IgA response could not be detected on 

day 20 but reached high-levels on day 35 and 41. 

Resistance to tetanus toxin challenge. Groups of six mice, previ

ously immunized orally or intranasally with recombinant L. lactis, 

were challenged with a lethal dose of tetanus toxin ( containing 20 

LD,0) given subcutaneously (Table 1 ). All of the control mice were sus

ceptible to the toxin challenge, exhibiting signs of tetanic paralysis 

within 12 hours and were humanely killed. Two of the mice vacci

nated orally with the TTFC-expressor strain were killed after a further 

24 hours and one of the intranasally vaccinated mice was killed on the 

following day (data not shown). Mice showing no symptoms after 14 

pTREX1 -TTFC 

Sh 10h 24h C TTFC 

- 68 

-43 

-29 

Figure 1. Expression of TTFC in L lactis. lmmunoblotting of total cell 
protein extracts from the TTFC expressor strain (pTREX1-TTFC) har
vested in mid-logarithmic phase (6 h culture) or stationary phase (10 

and 24 h}. An extract from the control pTREX1 strain (C) harvested 

after 24 h was also tested. Proteins from approximately 5x10" cfu of 
bacteria, and as a control 100 ng purified recombinant TTFC, were 
immunoblotted with rabbit anti-TTFC serum. Sizes (kDa) of the 
prestained marker proteins are shown at the right. 
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days were considered resistant. Four mice from the orally vaccinated 

group and 5 from the group vaccinated intranasally with the TTFC

expressor strain were resistant to challenge. The systemic antibody 

responses elicited via mucosa! routes were therefore protective. 

Serum IgG responses elicited by live or killed recombinant lacto

cocci. Groups of six mice were inoculated intranasally with L. lactis as 

before, but samples of the bacteria were pretreated with formalin or 

MC (Fig. 6). Where mice were immunized with the pTREXl-TTFC 

strain, live organisms initially elicited significantly lower anti-TTFC 

IgG titers than MC- (p = 0.032) or formalin-treated (p = 0.013) bacte-
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Rgure 2. Anti-tetanus toxin fragment-C serum lgG titers following 
intranasal or oral immunization with recombinant L lactis. Individual 
sen,m samples from groups of six mice imnurized either intranaaally (i.n.) 
(~) with 1 x10' recombinant L /actis {TJFC-expressor (A) or control non
expressor (e) strains), or orally (c!>) with 5x 10' recombinant L lactis {TJFC

expressor (6); non-expressor (0)) were tested by ELISA for TTFC-specific 
lgG. Sera from a naive control group (a) were also assayed. The end-point 
titer was calculated as the dilution of &erU111 producing the same optical 
density as a 1/50 dilution of a pooled prelmmune serum. 
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Figure 3. Anti-lactococcal serum immunoglobulin responses 36 days 

after oral or intranasal immunization with recombinant L. lactis. Sera 
from groups of six mice immunized intranasally wi"th 1 x10• or orally 

with sx 10" recombinant L lactis (strains harboring pTREX1-TTFC or 

pTREX1) were tested by ELISA for L /actis-specific immunoglobulins. 
The endpoint titer was calculated as the dilution of serum producing 
the same optical density as a 1/50 dilution of a pooled preimmune 
serum. Individual titers (0) and the group means (-) were plotted. 
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ria. Titers were significantly higher than those of the naive group (p = 
0.001) and those groups immunized with the correspondingly treated 

pTREXl control strain of L. lactis (p = 0.001). When the serum IgG 

titers reached maximum levels (around day 41) there were no signifi

cant differences between groups immunized with live or dead bacteria. 

Discussion 

Protective humoral responses elicited by oral immunization with 

recombinant lactococci were achieved using a constitutive expres

sion vector which produces TTFC intracellularly in L. lactis. 

The oral immunization regime used, which consisted of 2 sets of 

3 successive daily doses of the experimental vaccine, was adapted 

from the procedure described by Challacombe•, who found that 

this pattern of immunization was consistently effective when par

ticulate oral vaccines, such as the biodegradable microparticles' , 

were used to immunize mice. Three successive daily doses of 

pTREX1 (oral) 

None 

1x101 1x1a2 1x1c3 1x104 

Titer 
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recombinant bacteria were required in order to ensure that systemic 

antibody responses to TTFC can be elicited in all mice receiving 

recombinant lactococci intra-gastrically. To be effective, a dose of 

SX 10• bacteria had to be given on each of the days. Systemic anti

TTFC responses were not usually detected if single intra-gastric 

doses of either 5 X 10' or 1.5 X 10'0 recombinant bacteria were given 

to the mice on single occasions 28 days apart (data not shown). 

Similarly, oral inocula of 1 X 10' recombinant L. lactis expressing 

TTFC given on days 0, 14, and 28 to C57 BL/6 mice also failed to 

elicit anti-TTFC serum antibody responses that were significantly 

different from those observed in the control groups'. 

Serum antibody responses directed against constituents of the 

lactococci themselves could be detected, but these were low in level 

by comparison with the anti-TTFC responses. Interestingly, mice 

vaccinated orally with the non-expressor strain of L. lactis made 

significantly higher anti-lactococcal responses than did mice vacci

1x1c5 

nated with the TTFC-expressor strain. The 

immune response was therefore biased towards the 

expressed immunogen rather than the recombinant 

bacterial vector. This is desirable since a bacterial 

vaccine vector should not induce a high level 

response against itself. The low antigenicity of L. 

lactis appears to distinguish the lactococci from 

other recombinant bacterial vaccine vectors, e.g., 

BCG and the various salmonella vectors1' . 

Figure 4. Anti-tetanus toxin fragment C serum antibody isotype profiles on day 41 post 

rmicosal immunization with recombinant L lactis. Individual serum samples from groups of 

six mice immunized either intranasally (i.n.) with 1 x 10' or orally with 5 X 10' recombinant L 

/actis (strains hatboring pTREX1-TTFC or pTREX1) were tested by ELISA for TTFC-specif

ic lgG1(11), lgG2a (~), l9G2b (11111), lgG3 (~ ), lgM (1111) and lgA(O). Sera from a naive control 

group were also assayed. The end-point titer was calculated as the dilution of serum pro

ducing the same optical density as a 1/50 dilution of a pooled preimmune serum. 

The serum antibody isotype profiles which fol

lowed immunization with the TTFC-expressor 

strain of L. lactis showed a predominance of the IgG 

subclasses IgG 1 and IgG2a. Comparable isotype 

response profiles were obtained with TTFC 

expressed in a live recombinant Salmonella 

typhimurium vaccine strain given orally". Similarly, 

immunization of mice with lactococci expressing 

the Sm28 glutathione S-transferase of Schistosoma 

mansoni1• induced both IgG 1 and IgG2a antibody 

responses even though immunization with pure 

Sm28 elicited a predominantly IgG2a response'". We 

have observed two examples of lactococcal-based 

experimental vaccines eliciting both IgG 1 and 

IgG2a responses. This points to the importance of 

determining the types of antigen-specific T-helper 

subset responses elicited by lactococcal vaccines. 
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Figure 5. TTFC-specific fecal lgA responses of groups of mice immunized orally or 

intranasally with recombinant lactococci. Fresh fecal pellets were collected from 

groups of six C57 BL/6 following immunization with pTREX1-TTFC (~ ) or pTREX1 (lffi ) 

strains of L /actis and from naive mice (a). Soluble extracts made from 0.1g feces 

In 1 ml 1 % BSA with protease Inhibitor were tested by ELISA for TTFC-specific lgA. 

Recombinant bacterial vaccine vectors have, for 

the most part, been derived from organisms possess

ing the capacity to colonize mucosal surfaces and to 

invade underlying tissues1•21•22• Although L. lactis does 

not colonize the intestinal tract of animals', the pos

sibility that the efficacy of our model tetanus vaccine 

might depend upon lactococcal viability was exam

ined. Live and chemically killed (MC-treated or for

malin-fixed) L. lactis expressing TTFC elicited 

systemic humoral responses of the same magnitude 

and duration in mice. The immunogenicity of 

TTFC-expressing lactococcal vaccine strains is there

fore not dependent upon their viability in vivo. 

The non-pathogenic, non-colonizing, non-inva

sive bacterial vaccine vector L. lactis, when express

ing TTFC and used to vaccinate mice by the oral 

route, can interact successfully with the immune sys

tem and elicit both systemic and mucosa] antibody 

responses. The vector itself remains poorly anti

genic. The resulting anti-TTFC humoral responses 

can reach protective levels against a lethal challenge 

with tetanus toxin, indicating that the lactococcal 

vaccine is capable of eliciting functional immunity 
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Table 1. Protection of mice against lethal systemic challenge 

with tetanus toxin. 

Vaccine strain 

None 

pTREX1-TTFC 

pTREX1 

pTREX1-TTFC 

pTREX1 

Route of administration 

intranasal 

intranasal 

oral 

oral 

Resistant mice 

0 
5 

0 
4 

0 

Groups of six mice were vaccinated orally with 5 x 1 O' L. Jactis cfu on days 0, 1, 

2, 28, 29, 30, and 35, or intranasally with 1 x io• L. Jactis cfu on days 0, 14, and 

28 before being injected subcutaneously with a standard challenge dose of 

tetanus toxin equivalent to 20 LD., (L'/200) on day 52. Individuals developing no 
symptoms after 14 days were considered immune. 
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1x1o2 

1x10 1+-,~~..,...,~~~~~~~~~~~~~~ 

0 10 20 30 40 50 60 
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Figure 6. Serum lgG responses following intranasal administration of live 

or mitomycin C- or formalin-treated lactococci. Groups of six mice were 

inoculated with pTREX1-TTFC or pTREX1 strains of L. lactis intnlna8ally 

on days 0, 14, and 28. Doses of 1 x 10' of lactococci, either live (pTREX1-

TTFC •; pTREX1 0) or pretreated with mltomycin C (pTREX1-TTFC e; 
pTREX1 O) or formalin (pTREX1-TTFC •; pTREX1 L.), were administered. 

The serum TTFC-specific antibody titers of these and an unvaccinatad 

naive control group of mice ( •) were followed by indirect ELISA. 

via the oral route. Orally administered recombinant lactococci have 

also been used successfully to elicit systemic antibody responses 

against the glutathione S-transferase immunogen of Schistosoma 

mansoni1' . The results presented here do not therefore appear to be 

restricted only to immunization with antigens as potent as TTFC. 

Experimental Protocol. 
Recombinant DNA techniques. The Escherichia coli-L. lactis shuttle vector 

pLEX14-TTFC, pTREXl , and its derivatives were purified from L. lactisusing 

the QlAprep spin plasmid preparation kit (Qiagen Inc., Chatsworth, CA) and 

the standard protocol recommended by the manufacturer with the following 

modifications to step J. The pelleted lactococci were resuspended in 100 µl of 

TE ( 10 mM Tris-HCI pH 8.0; 1 mM EDTA) containing 5 mg/ml lysozyme 

(Sigma, Dorset, UK) and 100 U/ml mutanolysin (Sigma) for 10 min at 37°C 

before increasing the volume to 250 µI by the addition of buffer P 1 (provided in 

the kit). General molecular cloning techniques were carried out as described1
'. 

Restriction endonucleases ( Gibco BRL, Paisley, UK), calf intestinal phosphatase 

(Gibco) and a DNA ligation kit (Amersham, Buckinghamshire, UK) were used 

according to the recommendations of the supplier. The method for the trans

formation of L. lactis strain MG1363" has been described previously''. 

Construction of a strain of L. lactis which constitutively expresses TTFC. 

The DNA fragment encoding TTFC was isolated from plasmid pLEX14-

ITFC ( data not shown) by digestion with restriction endonudeases Sphl and 

BamHI and ligated to SphI and BamHI cut pTREXl to generate pTREXl

ITFC. In this construct the TTFC expressed has an additional six amino acids 

666 

at its N-terminus derived from gene 10 of the T7 E.coli bacteriophage. 

Western blot analysis of total protein extracts of L. lactis harboring 

pTREXl-TTFC (strain UCP1060) and the non-expresser control strain har

bouring pTREXl (strain UCP1401) with polyclonal antisera to ITFC showed 

that pTREXl-ITFC directs the expression ofTTFC in L. lactis (Fig. 1). 

Mice. Specific pathogen free female C57 BL/6 mice of 6 to 8 weeks old 

were purchased from Harlan UK (Oxon, UK) . 

Preparation of cells for immunization. L. lactis was cultured at 3o·c in 

Ml 7 broth (Difeo Laboratories, East Molesley, UK) supplemented with 0.5% 

glucose (Sigma) and 5 µg/ml erythromycin (Sigma) for 18 hours. The cells 

were washed with sterile phosphate buffered saline before resuspension in a 

solution of 0.2M sodium bicarbonate (Sigma), 5% casein hydrolysate 

(Gibco) and 0.5% glucose at 5X 10" cells/ml. 

Olemical pretreatment of bacteria. Lactococci from a fresh overnight culture, 

were prepared for treatment with formalin or mitomycin C (MC). Suspensions of 

2X 10' cfu (colony-forming units) /ml were treated with 50 µg/ml mitomycin C 

(Sigma) for 2 hat 30°C. One-milliliter aliquots were taken after incubation and 

the concentration of cells was determined by nephelometry. The cells were 

washed three times in sterile PBS before spreading over GM17 agar plates con

taining the relevant selective antibiotics in order to calculate the efficiency of 

killing. 2.4X 10" cfu were resuspended in 12 ml of 4.5% formalin (Sigma) in 

lOmM Tris buffer (pH 8.0) and incubated at 4°C for 20 min. 0.5 ml samples were 

washed and spread on agar plates as before. Typical efficiencies of these chemical 

treatments in abrogating cell viability were high, with fewer than 100 cfu recov

ered from 1 X l O' cells. All cells for immunization purposes were washed three 

times in a large excess of PBS before resuspension at 5X 1010 /ml as above. 

Immunizations. Groups of six mice were immunized orally or 

intranasally with recombinant L. lactis constitutively expressing TTFC (har

boring plasmid pTREXl-TTFC: strain UCP1060) or a control non-expresser 

strain (harbouring pTREX-1: strain UCP1401) . A naive, non-vaccinated 

control group was also included in the experiment. 

Oral doses of 5 X 10' cells (O. l ml of the suspension) were administered via 

intra-gastric lavage on days 0, I, 2, 28, 29, 30, and 35. Mice were lightly anes

thetized by inhalation of Metofane (methoxyfluorane) (C-Vet, Bury St. 

Edmunds, UK) before intranasal administration of l X 10' cells (in 20 µl) to 

animals using a micro-pipette on days 0, 14, and 28. Serum samples were 

taken at intervals of 14 days and stored at -20°C until required. These vacci

nation experiments were carried out on at least two separate occasions and 

the results demonstrated to be reproducible. 

Preparation ofl11ctococcal extract. As previously described" , lactococci 

were homogenized with glass beads (0.10-0.11 mm in diameter) in a cooled 

Braun cell homogenizer in the presence of a cocktail of protease inhibitors [2 

µM leupeptin, l µM pepstatin A , 50 µM E64 and 0.1 mM phenylmethyl

sulphonyl fluoride (PMSF) (Sigma)]. The beads were removed by filtration 

through a coarse sintered-glass filter and insoluble material was removed by 

high-speed centrifugation. The protein concentration of the cell extract was 

determined using a Bradford assay (Bio-Rad Laboratories, Hertfordshire, UK). 

ELISA for the detection of antigen-specific serum antibody. ELISA plates 

were coated overnight at 4°C with 50 ng/well of recombinant purified TTFC 

(Boehringer Mannheim, East Sussex, UK) or 50 ng/well protein extract from 

strain UCP1401 in carbonate/bicarbonate buffer. Wells were blocked for l h 

at room temperature with 3% BSA (Sigma). Primary antisera were tested in 

duplicate wells using a 2-fold dilution series, including replicate wells of a 

1/50 diluted preimmune serum on every plate. After 90 min, secondary anti

mouse immunoglobulin-alkaline phosphatase conjugates (Southern 

Biotechnology Associates, Inc., Birmingham, AL) were applied before devel

opment using n-nitrophenyl phosphate (Sigma) as substrate. Dilution curves 

were drawn for each sample and endpoint titers calculated as the dilution 

producing the same optical density as the 1/50 dilution of a pooled preim

mune serum. Statistical comparisons between groups were made by the 

Mann-Whitney U test. A p value of >0.05 was considered nonsignificant. 

Immunoblotting. Proteins from lactococcal extracts and purified recom

binant TTFC (Boehringer Mannheim) were separated by SOS-PAGE and 

electroblotted on to nitrocellulose'. The presence of TTFC was detected 

using rabbit anti-TTFC polyclonal serum (Calbiochem-Novabiochem, 

Nottingham, UK), anti-rabbit immunoglobulins-horseradish peroxidase 

conjugate (Dal<o A/S, Glostrup, Denmark) and 4-chloronaphthol substrate. 

Tetanus toxin challenge. Mice were injected subcutaneously with a stan

dard challenge dose of tetanus toxin equivalent to 20 LD,,, (V /200) on day 52 

(ref. 16). The animals were observed closely and humanely killed if tetanic 

paralysis occurred. Individuals developing no symptoms after 14 days were 

considered immune. 

NATURE BIOTECHNOLOGY VOLUME 15 JULY 1997 



© 1997 Nature Publishing Group  http://www.nature.com/naturebiotechnology• RESEARCH 

Measurement of fecal IgA responses. Fresh fecal pellets were collected 

from groups of mice that had been immunized orally or intranasally with 

recombinant lactococci. 0.1 g fecal pellets was added to 1 ml PBS containing 

1% BSA and lmM phenylmethylsulphonyl fluoride (Sigma) and incubated at 

4°C over night. The tubes were vortexed to disrupt all solid material and then 

centrifuged at 16,000 g for 5 minutes. The supernatant was removed and 

stored at -20°C until required. The fecal extracts were tested by ELISA for the 

presence of TTFC-specific IgA using a similar method to that shown above. 

ELISA plates were coated with 1 µg/ml TTFC and blocked with 1 % BSA . Fifty 

microliters of the neat extracts were applied to the wells and the plates incu

bated at 4°C over night. The IgA was detected using anti-mouse IgA-alkaline 

phosphatase conjugate and n-nitrophenyl phosphate as substrate. 
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