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surface waters without wastewater input and caffeine concentration about 0.12 

µg/L, has a caffeine/paraxanthine ratio of 4.4 ± 0.5.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 107. Results of the BWS (June 2009): Upper graph – Xanthines’ concentrations in 
surface waters; and lower graph – Contribution of each individual xanthine in the overall 
xanthine content per sample, in percentage. Sample 20 present a very awkward result for 
theophylline, but no logical reason was found to explain it. 

 

In the same samples coprostanol and carbamazepine (an antiepileptic) were also 

measured and the results are summarised in Figure 108. A good correlation 

between caffeine and coprostanol concentrations was found and some interesting 

feature arose out of the data: sample eleven (11) for example shows increased 

caffeine and coprostanol concentration but not carbamazepine ones, showing that 
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probably untreated combined wastewater (wastewater and rainwater) has reached 

the Havel. While in the previous sampling days (02.06.2009 and 09.06.2009) no 

rainfall was registered, the day before collecting samples 10 to 15, 12.2 mm of 

rainfall were measured in Berlin-Tempelhof. The same reason can explain the 

concentration peaks observed for sample 19, which was collected after intense 

rainfall in the previous two days (17.1 mm and 4.6 mm, respectively). Once the 

affluent volume exceeds the capacity of the STP, as after intense rainfall, a part of 

the affluent is discharged untreated in several spots in Berlin.[363] This also explains 

the peak of theophylline observed in sample 19 (Figure 107), meaning that some 

amounts of this xanthine did not pass through sewage treatment.   

 

 

Figure 108. Caffeine, coprostanol and carbamazepine concentration in the samples 
collected during the BWS (June 2009).  

 

As the results show, caffeine and coprostanol present alike outcome concerning 

human contamination input into surface waters. Caffeine is present in highest 

concentrations and additionally can be analysed faster (using ELISA) and with 

lower limit of detection than coprostanol. Therefore, for the huge amount of samples 

measured during the screening hereafter described, caffeine was selected as the 

indicator of the contamination level of the watercourses.  
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11.1.3. Teltowkanal (TK) 

i. Teltowkanal screening 1  

The samples were collected on the 1st of October 2008 along the Teltowkanal 

(Berlin), every 0.5 km, from kilometer 37 to kilometer 27 – sampling from east to 

west. The samples were analysed all together in a single plate by ELISA.  

 

 

 

 

Figure 109. Caffeine concentrations in Teltowkanal, in October 2008. A sample was 
collected every 0.5 km from km 37 to km 27 – black spheres – following the channel flow as 
indicated by the bold-arrows on the map on top. Bottom graph: The samples’ pH is 
represented by the grey open-squares connected with a line in the same colour; caffeine 
concentrations are depicted as black bold-squares, connected by a black line. 
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The sampling aimed at evaluating the impact of the STP discharge in the 

Teltowkanal. The STP Wassmannsdorf is discharging its treated effluent between 

km36 and km35, the point where caffeine concentration increases sharply (Figure 

109) and the pH value decreases, illustrating chemically that impact. The effluent is 

discharged at 2.3 m3/s and it is entering the Teltowkanal (0.77 m3/s), at 1.99 

m3/s.[363]m Easy to understand is the impact caused by such high amount of effluent 

in a low-flow channel. Some compensation is however introduced a few meters 

downstream by the entrance of groundwater into the channel. An out-of-service 

water treatment plant (WTP) is still pumping groundwater into the channel with an 

average flow of 0.24 m3/s and hence diluting the effluent. The Britzer 

Verbindungkannal (1.50 m3/s)  – connecting the Spree to the Teltowkanal – is 

additionally helping to reduce the effluent impact as can be seen in the samples’ 

results from the first kilometres of the Teltowkanal (samples 29 – 27, Figure 109).  

ii. Teltowkanal screening 2 

The second water sampling in Teltowkanal was planed in order to show if major 

day-to-day variations exist regarding caffeine concentrations and consequently the 

contamination level of the channel.  

Grab samples were collected every week day from the 2nd of November 2009 until 

the 22nd of March 2010, between 1p.m. and 2 p.m – except when the channel was 

partially frozen and during holidays. One sample was collected 400 m upstream of 

the STP Wassmannsdorf discharge point and the second one 200 m downstream. 

The upstream sampling spot was frozen between the 6th of January and the 19th 

February 2010; hence some samples were not collected during this time. Also, 

during Christmas holidays (19th December 2009 to the 6th of January 2010) samples 

were not collected. The ELISA was performed once a week and samples were 

placed at 4°C until analysis. The sampling was organised and performed together 

with a PhD colleague, Arnold Bahlmann, who was measuring the anti-epileptic drug 

carbamazepine within his PhD project. The carbamazepine data are herein 

presented and discussed with the author‘s permission.  

 

 

 

 

                                                 
m
 Data from the summer 2003. 
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Figure 110. Caffeine (black bold circles) and Carbamazepine (open triangles) concentration 
in Teltowkanal, downstream and upstream of STP Wassmannsdorf discharging spot, from 
the 2

nd
 of November 2009 until the 22

nd
 of March 2010. The upper graph represents the 

samples collected 400 m upstream of the STP affluent and the lower one the samples 
collected 200 m downstream. The break in the x-axis represents the Christmas holidays, 
when samples were not collected; Sample between the 2

nd
   February and 18

th
 February 

2010 were not collected upstream as the sampling site was frozen. The inserts in both 
graphs depict the respective caffeine (x-axis)/ carbamazepine (y-axis) linear correlation; 
upstream: y = 0.0103x -0.046 (R

2 
= -0.0052); downstream: y = 2.164x – 0.08 (R

2 
= 0.74).  
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Not surprisingly the caffeine results downstream of the STP correlate well with 

another human contamination marker: carbamazepine (R2 = 0.74), with this last 

presenting almost always the highest concentrations. This was expected as 

caffeine is efficiently removed (>95%) by STP[67,370] whereas carbamazepine is not 

(<30%).[370] 

Contrary, the downstream results were somehow unanticipated, with higher 

caffeine concentration and some odd concentration peaks. One of those caffeine 

concentration peaks appears together with a high carbamazepine concentration (1st 

of December 2009, Figure 110), which is probably due to a flow inversion on the 

channel or due to a boat passing by shortly before the sampling moment. That day 

the caffeine concentration downstream (0.80 µg/L) was rather high, thus supporting 

the hypothesis of a flow inversion. An explanation for the remaining samples, with 

very high caffeine concentration unaccompanied by the carbamazepine ones, it is 

not so clear. A possible flow of non-treated wastewater nearby would explain these 

values but no spot was identified within the timeframe of this thesis. Curious is the 

fact that these peaks appeared exclusively on Mondays and Tuesday, which may 

be nothing but an insignificant coincidence.   

Another interesting feature of this Teltowkanal sampling is that it allowed showing 

something often unmentioned in environmental chemistry studies:  the influence of 

climate conditions on the final analytical results. Frequently the climate conditions, 

before and during the sampling, are neither provided nor taken into account during 

results interpretation. As shown in Figure 111, the rainfall seems to influence 

somehow the final caffeine concentrations: days with intense rainfall are 

accompanied by high caffeine concentration downstream, whereas upstream 

concentrations peaks only occurred in days with none or very little precipitation.  
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Figure 111. Caffeine concentrations variation in Teltowkanal, downstream (bold squares) 
and upstream (open circles) of the STP Wassmannsdorf discharging point and the rainfall 
(x-axis) registered in the day where the sample were collected.  

 

As most of Berlin has a combined system for collecting wastewater and run-off rain 

waters,[363] it is reasonable that in days with intense rainfall the STP, reaching its 

treatment capacity, discharges untreated combined-wastewaters into the channel. 

This topic is discussed further on afterward using a superior example of the rainfall 

influence on caffeine concentration using the model Landwehrkanal (11.1.4 - 

Landwehrkanal, page 245).  

 

11.1.4.  Landwehrkanal (LWK) 

Within-day variations on caffeine concentrations were studied using samples from 

Landwehrkanal, which contrary to the Teltowkanal does not have flow input from 

STP effluents. A grab sample was collected every morning (8.00h – 11.00h) and 

every evening (20.00h – 24.00h) at a single sampling spot: Planufer, near the 

Urbanhafen (52.495121° N13.41082° E35 m). The sampling was performed daily 

from the 9th November 2009 until the 16th December 2010, unremitting and 

including weekend days.  
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Figure 112. Caffeine concentrations in Landwehrkanal – within day variation. Carbamaze-
pine (CBZ) concentrations found in the morning samples are also included. The bars 
represent the daily rainfall in millimetres (mm).  

 

The caffeine concentrations’ mean in the morning (0.904 ± 1.014) is slightly higher 

than at night (0.773 ± 0.700), but the difference is not statistically significant (paired 

sample t-test, at 0.05 level and 36 DOF). Interesting to observe in Figure 112 is the 

steadiness of the caffeine concentration in the morning and at night until the end of 

November.   

Different is the picture after the beginning of December, when several caffeine 

concentration peaks occur, either in the morning or in the evening. The graph in 

Figure 112 also includes the rainfall amount on each day and a connection seems 

to exist between the high amount of rainfalln and the caffeine peak during 

December. The houses’ wastewaters and run-off rainwater (from the buildings) flow 

into a unique system in the central neighbourhoods of Berlin; when the volume of 

this combined wastewater arriving into the STP exceeds their capacity, as in case 

of intense rainfall, a part of this combined wastewater is deviated untreated into the 

Landwehrkanal and the Spree.[363] This explains the high caffeine concentrations 

observed after intense rainfall in December but leaves a question open: why did the 

concentrations not increase after intense rainfall on the 23rd and the 24th of 

November? A possible explanation for such a nonconforming observation is the 

                                                 
n
 The daily rainfall was calculated from 5.55 a.m. – 5.50 a.m. of the next day.  
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strong winds observed on that day. On those two days, wind from southwest and 

west, respectively, with 35 km/h were registered, while on the remaining sampling 

days the maximal speed ever registered was 20 km/h. Considering that the 

samples were always collected on the same spot, the strong winds can explain why 

in those particular days caffeine concentration were not as odd as the ones 

observed in December after the same rainfall amounts.  

The message to take from these results is: if one took a grab sample on the 

morning of the 1st of December or the next morning, the results will be completely 

different:  0.245 µg/L and 2.26 µg/L caffeine, respectively.  Thus, stressing the need 

to produce on-line monitoring systems for quantifying particular analytes (as 

caffeine) and therefore detect contamination events. A comprehensive study about 

this combined sewers overflows to surface waters was published in 2006 by the 

Swiss Federal Office for Agriculture (Agroscope), Buerge et al., stressing that 

caffeine is a “gold-marker” to determine the level of surface waters’ contamination 

after intense rainfall in Switzerland.[68] 

 

 

 

 

 

 

 

 

 

Figure 113. Detailed view of the Landwehrkanal (Berlin) showing the combined rainwater-
wastewater discharging point (bold triangles) in cases of storm and intense rainfall. The 
sampling spot is indicated by the grey-arrow.  

 

Another interesting feature arising from Figure 112 is the low and fairly constant 

carbamazepine concentration found in the samples. Its concentrations vary from 

0.070 µg/L to 0.125 µg/L, a very short range when compared with the one found in 

the Teltowkanal samples (downstream of STP: 0.080 µg/L – 1.76 µg/L) and caffeine 

itself in Landwehrkanal. Then, it is very likely that a source of non-treated 

wastewater is present somewhere in the Landwehrkanal.  
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Despite the already mentioned occasional high concentrations of caffeine, a 

constant input is likely to be present considering the “steady-state” caffeine 

concentrations. They are often much higher than the ones found downstream of the 

STP in the Teltowkanal. Whether this is due to some leakages on the wastewater 

system or some direct wastewater streaming into the channel remains uncertain. 

An attempt to identify some direct wastewater flows was done by organizing a 

sampling campaign along the Landwehrkanal on the 12th of December.  

The sampling was performed on the 12th of December 2009 and the climate 

conditions (daily average) are summarised in Table 28. During the sampling 

campaign (15.10h first sample – 16.40h the last one) it was snowing and raining 

with temperatures from 0 °C to 1°C, humidity 100% and wind from Northwest. The 

samples were collected from west to east as indicated in Figure 114, from sample 1 

to sample 12, in duplicate.  

 

Table 28. Climate condition on the 12
th
 of December 2009 registered in Berlin-Tempelhof by 

the Deutscher Wetterdienst.
[362]

 

 

 

Temperature (°C) Relative 
Humidity 

[%] 

Wind 
speed 
[m/sec] 

Sunshine 
[hours] 

Rainfall 
[mm] 

Atmosp. 
Pressure 

[mbar] 
Min. Med. Max. 

-1.3 1.3 3.2 93.4 6.1 0 1.6 1020.7 

  

Time 
Temperature 

[°C] 

Wind 
speed 
[m/sec] 

Rainfall 
[mm] 

14.00h 2.4 7 0.3 

15.00h 2.6 4 0.3 

16.00h 1.1 17 1.9 

17.00h 1.3 22 0.5 

 

Day averages 

Sampling period   
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Figure 114. Landwehrkanal sampling on the 12
th
 of December 2009. Twelve samples were 

collected at the spots indicated by the black spheres on the map, with the respective sample 
number inside. The caffeine concentrations are presented on the graph (reads on the left y-
axis) as well as the carbamazepine (CBZ) ones (reads on the right y-axis). Per spot two 
different samples were collected and the results are represented by Caffeine A and Caffeine 
B in the graph. Remark: The left y-axis (Caffeine) has a different scale than the right one 
(CBZ, carbamazepine) to allow a better comparison between the concentration trends of 
both compounds.  

 

From sample one (1) to sample five (5), alike caffeine concentrations were found in 

all samples. The lower concentrations found in sample six (6) and seven (7) are 

most likely caused by the confluence of the Neukoellner Kanal and the 

Landwehrkanal branch which connects it to the Spree. The Neukoellner kanal (0.30 

m3/s) stream to the Landwehrkanal (1.03 m3/s) as it does the branch (0.73 m3/s) 

connecting it to the Spree (~ 8.16 m3/s at that spot), causing a dilution effect in the 

mentioned sampling spots. Sample nine (9) was collected at the confluence of 

Landwehrkanal and Spree and shows a very interesting result: caffeine 
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concentration is very high while carbamazepine stays steady. These results 

originate another sampling campaign involving the water police of Berlin and such 

results are not presented here.  Near sampling spot 9 very high concentration of 

caffeine where found when compared with the other Spree samples. The area is 

well known by intense after-hours activities with the most popular Berlin techno 

clubs being located directly on the Spree in the area around that sampling spot. 

Additionally, some boats working as restaurants and bars are around the area and 

might as well contribute to these findings. Samples 11 and 12 show already the 

increasing trend on both compounds (caffeine and carbamazepine) concentration 

caused by the Teltowkanal stream (3.00 m3/s) into the Neukoellner Kanal (0.30 

m3/s).  

 

The question whether there are non-declared wastewater discharge into the 

Landwehrkanal or some leakage in the combined wastewater system is still to be 

answered. But what is clear from the results is that from one day to another, or 

even from the morning to the night, the Landwehrkanal can show a completely 

different level of contamination and caffeine is a very helpful indicator of it.  

 

A curiosity: Although no statistical significant differences exist between the days, Tuesday 

was the day with the highest caffeine mean concentration (0.73 ± 0.34 µg/L) and Sunday 

with the lowest (0.60 ± 0.36 µg/L). This can easily be explain by some consumption habits, 

being Monday a day where people probably ingest more caffeine-containing beverages than 

they do on Saturdays.  
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11.2. Drinking water  

 

Several drinking water samples (33) were collected in different neighbourhoods in 

Berlin: one sample from Adlershof, Altglienicke, Charlottenburg, Koenigs 

Wusterhausen, Marzahn, Mitte, Neukoeln, Pankow, Reinickendorf, Rudow, 

Spandau, Steglitz, Tempelhof, Treptower Park, Zehlendorf; two samples from 

Koepenick, Schoeneberg, Wedding; and three samples from Prenzlauer Berg, 

Kreuzberg, Friedrichshain and Lichtenberg. The samples were collected by co-

workers of the BAM on the 25th of November 2009 and analysed the next day. 

Caffeine was under the 0.005 µg/L in most of the samples except the ones from 

Kreuzberg (0.016 µg/L ± 0.008; 0.012 µg/L ± 0.004; 0.026 µg/L ± 0.008), Tempelhof 

(0.018 µg/L ± 0.008), Neukoelln (0.013 µg/L ± 0.003), Schoeneberg (0.009 µg/L ± 

0.004), Wedding (0.016 µg/L ± 0.008) and Koenigs Wusterhausen (0.056 µg/L ± 

0.009). The drinking water distributed to the neighbourhoods of Kreuzberg, 

Tempelhof, Neukoeln and Schoenberg has the same origin, which justifies similar 

concentration of caffeine in drinking water. The same is valid for Wedding which is 

supplied by the water from Tegeler See. Koenigs Wusterhausen receives waters 

from a treatment plant on the Mueggelsee. 

The samples were analysed in triplicate and on two different days. Nevertheless the 

results should be regarded with care as just one sample per spot was taken and 

further samplings are needed to conclude about the presence of caffeine in Berlin 

drinking waters.  

Several drinking water samples from the BAM tap (Adlershof) were collected in 

different dates along 2008 and 2009, none of them ever testing positive for caffeine.  
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12. Conclusions and outlook  

12.1. Conclusions  

 

Caffeine and coprostanol were quantified in several water samples in Berlin. 

Analytical methods for caffeine quantitation are widely available but none has the 

high-throughput, cost-effectiveness and sensitivity of the new developed 

immunoassay.  

 

The new caffeine immunoassay was established using a commercial monoclonal 

antibody and a de novo synthesised tracer. Sixty-six samples can be analysed per 

plate within 2 hours, making the assay suitable for high-throughput routine caffeine 

screening. A LOD of 0.001 µg/L could be experimentally verified and concentrations 

above 0.025 µg/L (LOQ) can be quantified with a relative concentration error below 

20%.  

The high selectivity of the chosen antibody allowed caffeine quantitation not only in 

surface water samples but also in several beverages, shampoos, caffeine tablets, 

and human saliva. The antibody’s low cross-reactivity towards caffeine’s major 

metabolite, paraxanthine (0.08%), concedes for further uses of the assay, 

particularly as a tool for single-point caffeine measurements in clinical chemistry, 

doping control, veterinary medicine and cognitive studies. 

The coupling ratio of the enzyme tracer was studied in detail and it was shown that 

it plays a minor role on the overall sensitivity of the assay. More systematic studies 

are needed to draw a definite conclusion regarding the influence of the tracer 

coupling ratios in hapten-based immunoassays.   

Matrix effects, mainly caused by calcium concentration variability and salinity 

differences, could be minimised by using a high salinity buffer with an electric 

conductivity of around 15 mS/cm. When selecting an appropriate assay buffer, the 

analyte matrix should be the major concern. In the case of surface waters, buffers 

with high salinity are strongly recommended in order to counterbalance salinity 

differences between samples, which hinder the sample-to-sample repeatability and 

deleteriously affect the accuracy of the assay.   
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Splitting the assay into two short calibration ranges ensured higher precision for 

both of them, when compared with the classic logarithmic spacing between 

standards, usually used for immunoassays. Moreover, extending this practice of 

reducing the calibration range is very likely to increase accuracy in immunoassays 

used in environmental chemistry.   

 

Contrary to caffeine, anti-coprostanol antibodies are neither commercially available 

nor described in scientific literature. Attempts to obtain an anti-coprostanol 

monoclonal antibody were made, with relevant conclusions coming out of the 

immunization process as well as the hybridoma screening method. 

As hypothesised, the C3-hydroxyl group in stanol-related compounds was essential 

for the antibody recognition. Therefore, future strategies for raising antibodies 

against such molecules should leave free the C3-hydroxyl group in the final 

immunogen. Within the timeline of this thesis, similar results were obtained by 

others using a similar hapten – lithocholic acid, corroborating this statement.[229] The 

side chain on C17 should not, however, be neglected. The polyclonal antiserum 

showed clearly a difference between coprostanol and isolithocholic acid recognition 

by the antibodies. 

Although isolithocholic acid is an endogenous molecule (self), it induced a strong 

secondary immune response in mice. The first polyclonal antiserum against 

isolithocholic was obtained and it showed very low cross-reactivities against its 

isomer lithocholic acid. Lithocholic acid was recently recognised as a key 

compound involved in colon cancer.cancer.[371] Clinical data for its isomer 

isolithocholic acid are still to be produced. Should an assay be required in the near 

future, the obtained polyclonal serum could possibly serve the purpose. 

An unexpected finding of this thesis is that the immune response in a mouse could 

be monitored non-invasively by using the animal faeces. Aqueous extracts of 

mouse faeces provided equivalent results to the ones obtained from serum 

samples, except for the absolute IgG titre. Collecting faeces instead of sampling 

blood allows for a daily monitoring of the immunization progress in mice without 

hurting or even touching the animals. In the 3R concept (replacement, reduction, 

refinement) of animal protection,[347,348] this represents a “refinement” with the 

potential to improve laboratory animal welfare considerably. 
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A chromatographic reference method was also developed for coprostanol and 

structurally related compounds in water samples. The ionisation of coprostanol was 

possible by using Atmospheric Pressure Chemical Ionisation (APCI) prior to mass 

spectrometric detection. Coprostanol could be quantified in surface water samples 

above 0.1 µg/L and after a sample concentration step. The samples were 

concentrated using a simple and inexpensive developed method: dispersive-liquid-

liquid microextraction. Being a liquid-liquid based extraction, samples did not need 

to be previously filtered, which is a significant advantage for non-polar compounds 

like coprostanol, known to adsorb to particulate and colloidal matter. Furthermore, 

the method could easily be extended to coprostanol extraction in sediment and 

soils, a common application that still lacks a straightforward extraction method.  

 

The results of the surface water’s monitoring campaigns showed a very broad 

range of analytes’ concentration. Their values varied from day to day and even 

according to the time of the day at which the sample were collected (morning or 

evening). Climate conditions, mainly rainfall, also had an influence on the 

contamination status of surface waters, thus stressing the need to use on-line 

sensors for continuous measurements. The proposed caffeine immunoassay has a 

great potential to construct a prospective on-line immunosensor.  
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12.2. Outlook  

 

Future strategies for coprostanol in vivo immunization should consider 1) the use of 

a completely new (synthetic) hapten, containing the same side chain; or 2) 

immunizations using a liposome-based formulation. This last option seems indeed 

very promising: past immunizations using cholesterol liposomes (containing lipid A) 

proved very successful in murine models.[214] In addition, there is no need to look for 

a mimetic hapten, since coprostanol can be directly incorporated in the liposome. 

 

Methods for high-throughput screening of hybridomas are needed. The available 

methodologies are labour-intensive, time-consuming, costly, have low sensitivity 

and high risks of losing the desired hybridoma-secreting clone. The screening is 

indeed one of the recognised process bottlenecks together with the cell fusion 

technology from the 1970s.[234] Could not B cells be immortalised by other means 

than somatic fusion? Some viruses and parasites are known for effectively invading 

immune cells and to put their cell machinery working ad aeternum.[372] The parasite 

Theileria parva has been recognised to grant quasi immortality to mast cells.[373,374] 

Could this parasite also invade B cells to produce continuous secreting cell lines?  
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13. Appendices  

13.1. Appendix I – Detailed mechanism of the conjugation 
using a carbodiimide  
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1. DCC (N,N'-dicyclohexylcarbodiimide) reacts with the hapten carboxylic acid groups to 

form a carboxylate anion by proton transfer to the nitrogen of DCC; 2. The carboylate anion 
adds to the protonated DCC forming an active ester. This active ester is very unstable and 

can originate several products, including the original acid when water is present; 3. a non-
reactive N-acylurea or even react with another hapten carboxylic group to give an acid 

anhydride which can react further to give the desired amide (not shown). 4. The carboxyl 
carbon of the active ester will then be attack by the nucleophile nitrogen from a lysine 
residue of the protein producing the covalent bond 5. between the hapten and the protein 
with the elimination of dicyclohexylurea (DCU).  
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13.2. Appendix II –  A brief Immunological Glossary 

Adapted from several textbooks[163,194,196,199,202,375] 

 

Adjuvant – a substance that non-specifically enhances the immune response to an antigen.  

Affinity – a measure of the binding strength between an antigenic determinant (epitope) 

and its antibody binding side. The stronger the binding, the higher the affinity. Antibodies 

produced in a secondary (memory) immune response usually present higher affinities than 

those of the primary response. 

Affinity maturation – the increase in average antibody affinity frequently seen during a 

secondary immune response.  

Allelic exclusion – occurs when the use of a gene from the maternal or paternal 

chromosome prevents the use of the other. This phenomenon is observed with antibody and 

T cell receptor genes. 

Antibody – a molecule produced in response to antigen that combines specifically with the 

antigen that induced its formation. 

Antigen – a molecule that generates an immunological response and reacts with antibody 

and the specific receptor on T and B cells 

Antigen presentation – the process by which certain cells in the body (antigen-presenting 

cells) express antigen on their cell surfaces in a form recognizable by lymphocytes. 

Antigen processing – the conversion of an antigen into a form in which it can be recognise 

by lymphocytes. 

Autoimmunity – immune recognition and reaction against the individual’s own cells/tissues.  

Avidity – the functional combining strength of an antibody with its antigen related to both 

the affinity of the reaction between the epitopes and paratopes, and the valences of the 

antibody and antigen. 

B cells – lymphocytes that develop in the bone marrow in adults and produce antibodies.  

C domains – the constant domains of antibody and the T cell receptor. These domains do 

not contribute to the antigen binding. 

Carrier – an immunogenic molecule or part of a molecule that is recognised by T cells in an 

antibody response. It is usually used coupled to hapten to induce immune response toward 

the hapten.  

Central lymphoid organs – lymphoid organs primarily involved in the production and 

maturation of immune cells. They include the bone marrow and the thymus.  
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Clonal deletion – the loss of lymphocytes of a particular specificity due mainly to contact 

with self-antigens. 

Clone – a group of genetically identical cells or organisms descended from a single 

common ancestor.  

Clone selection principal – the prevalent theory stating that the specificity and diversity of 

an immune response are the result of selection by antigen of specifically reactive clones 

from a large repertoire of preformed lymphocytes, each with individual specificities.  

 Conjugate – A reagent that is formed by covalently coupling two molecules together, such 

as a hapten coupled to a carrier protein as BSA. 

Constant regions – The relatively invariable part of immunoglobulin heavy and light chains. 

Cross-reactivity – the ability of an antibody, specific for one antigen, to react with a slightly 

different antigen.  

Epitope – the part of an antigen that contacts the antigen binding site of an antibody 

(paratope). Small molecules (haptens) are believed to have a single epitope.  

Fab – the part of an antibody molecule that contains the antigen-combining site consisting 

of light chain and part of the heavy chain; it is produced by enzymatic digestion with papain, 

which cuts at the hinge region.  

Fc – the portion of an antibody that is responsible for binding to antibody receptor in cells 

and activation of the complement (in vivo) and binding to the microtitre plate in 

immunoassays.  

Freund’s adjuvant – is a non-specific stimulator of the immune response. When mixed with 

an antigen it helps to deposit or sequester the injected material. It causes a dramatic 

increase in the resultant antibody response. Freund’s Complete Adjuvant is a water-in-oil 

emulsion and killed mycobacteria, used for initial injections of antigen into animals to 

enhance the immune response, while the incomplete adjuvant does not contain 

mycobacteria, and is used for further boosts.  

Hapten – a small molecule that can act as an epitope, but is incapable by itself of eliciting 

an antibody response unless bound to a carrier protein or large antigenic molecule. 

Hybridoma – cell line created in vitro by fusing two different cell types, usually lymphocytes 

with a tumour cell. 

Hypervariable region – the most variable areas of the V domain of immunoglobulins. 

These regions are clustered at the distal portion of the V domain and contribute to the 

antigen-binding site.  

Immunogenic – having the ability to evoke B cell and/or T cell mediated immune reaction.  

Immunoglobulins – the serum antibodies, including IgG, IgM, IgA, IgE and IgD. 
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Induced fit – a description of the way in which an antigen can alter the normal tertiary 

structure of the binding site on a receptor following binding, by displacing amino acids. 

 Lipid A – is a lipid component of an endotoxin held responsible for toxicity of Gram-

negative bacteria. It is used as an adjuvant in immunizations, mostly in liposome-based 

formulations. 

Lysosyme – an enzyme secreted by mononuclear phagocytes that hydrolyses bonds 

present in bacterial cells walls. 

Macrophage – a large and versatile immune cell derived from monocytes, which is 

responsible for phagocytosis of microbes and immuno-complexes.  

Myeloma – a lymphoma produced from cells of the B cell lineage that can invade the bone. 

Paratope – the antibody binding site where the antigen binds. It is the antibody-combining 

site to the antigen epitope.  

Plasma cell – an antibody-producing B cell that has reached the end of its differentiation 

pathway.  

Primary lymphoid tissues – lymphoid organs in which lymphocytes complete their initial 

maturation steps; they include the foetal liver, adult bone marrow and thymus.  

Primary response – the immune response (cellular or humoral) following an initial 

encounter with a particular antigen.  

Recombination – a process by which genetic information is rearranged during meiosis; this 

process also occurs during the somatic rearrangements of DNS that occur in the formation 

of genes encoding antibody molecules and T cell receptors.  

Repertoire – set of cells or molecules in the immune systems.  

Secondary Lymphoid organs – organs where the immune cells interact with the antigenic 

stimulus, thus initiating adaptive immune responses (e.g. tonsils, spleen, lymphoid nodules, 

digestive system).  

Secondary response – the immune response that follow a second or subsequent 

encounter with a particular antigen.  

Somatic mutation – a process occurring during B cell maturation and affecting the antibody 

gene region that permits refinement of antibody specificity.  

T cells – lymphocytes that differentiate primary in the thymus and are central to the control 

and development of immune responses.  

Tolerance – a state of specific immunological unresponsiveness. 

 

http://en.wikipedia.org/wiki/Lipid
http://en.wikipedia.org/wiki/Endotoxin
http://en.wikipedia.org/wiki/Toxicity
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Gram-negative
http://en.wikipedia.org/wiki/Bacteria
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