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http://utminers.utep.edu/raguilera/

email:raguilera@utep.edu

Lymphocytes and Antigen Receptors
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B-lymphocytes produce antibodies
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* Theoretically, antibodies (Abs) can be
produced to just about any foreign
substance and are highly specific

EX.

An antibody can distinguish one protein
from another by a single amino acid
difference



Antigen - binding site

/ Lysozyme




An individual cell expresses a specific receptor that
recognizes a unique antigen-specificity determined
prior to the presence of antigen

Binding of antigen to receptor induces proliferation with
each daughter cell producing the same antibody specificity
(to activating antigen)
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Antibody genes could not follow 1 gene = 1 protein theory
Why?

To produce the billions of different
antibodies necessary to combat disease,
billions of antibody genes must have
evolved to encode this information

Since one gene encodes one protein
(generally), this would mean that cells
would need more genes than potentially
encoded by genome



The answer to this problem resulted in a Nobel Prize

1987 Nobel Prize
Susumu Tonegawa

Using light-chain mRNA as probes was able to
demonstrate that the variable region and the constant
regions were “rearranged” in B-cell tumors



Southern Analysis of Immunoglobulin Gene Alleles +

Liver B-cell Tumor line
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V-(D)-J Recombination
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T-cell Antigen Receptors Resemble Antibody molecules
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|Specific sequences are recognized by recombinase enzymes

Joining-element coding region
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Recombinase is expressed early during
B-Lymphocyte differentiation
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“Chance Favors a Prepared Mind”
Louis Pasteur



An improbable experiment leads to an “incredible” result

» A student performs a series of flawed experiment that
leads to the discovery of the V-(D)-J recombinase

»The premise of the experiment was that a single
recombinase gene was responsible for V-(D)-J joining

»Reasoned that a recombinase gene could be transferred from
lymphocyte DNA to a cell that does not contain this activity
such as fibroblasts

This experiment should never have worked!
Why?

Lymphocyte-specific genes should not be expressed
in non-lymphoid cells - also unreasonable to believe
that one gene product could do everything



David Schatz, 2001
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Original RAG-1 Germline Clone Contained Another Gene
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Eventually cloned two genes, RAG-1 and RAG-2 that do it all

RAG-1 cDNA G— 2 ¢cDNA

T

Flbroblasts
(no recombination)

High level recombination



RAG - “knockout” Mutant Mice

< Normal birth and growth but immunodeficient
< Have no Mature B/T Lymphocytes

% No V-(D)-J recombination



Characterization of the Recombination Mechanism in vitro

van Gent, D.C. et al.,. (1995). Initiation of V(D)J recombination in a
cell-free system. Cell, 81:925-934

Martin Gellert’s Laboratory at NIH makes initial and consistent
discoveries which lead to the establishment of in vitro rec. systems



Other important findings:

%= RAG mediated cleavage requires intact RSS heptamer and
nonamer sequences

- Cleavage products were identical to those detected in vivo-
blunt 5’ phosphorylated signal-ends and coding-ends contain
hairpins (closed covalently)

- Recombinant Rag-1 and Rag-2 proteins plus house-keeping
proteins are sufficient to mediate recombination in vitro



RAG Mediated Cleavage
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“"Recombinant Rag-1 and Rag-2 were subsequently
shown to mediate all the cleavage steps in vitro

%" Rag-1 and Rag-2 forms a large stable cleavage complex
that requires an intact heptamer and nonamer

These results lead to the following question:

Can the in vitro system perform all the steps seen in vivo?



Initiation of V(D)J recombination in vitro obeying the 12/23 rule
Eastman, Q.E., Leu, T.M, and Schatz, D. G. Nature, 380:85-88, 1996
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Simultaneous Cleavage at both RSSs
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Why should you care about recombination?

No recombination
No advanced Immune System
No life as we know it



Big-Bang Theory of Imnmunology
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RAGs
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Adaptive Immunity based on Rearranging Receptor Genes
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S0 where did RAG genes
come from?



Available online at www.sciencedirect.com

ScienceDirect BBRC

ELSEVIER Biochemical and Biophysical Research Communications 369 (2008) 818-823

www.elsevier.com/locate/ybbre

Molluscan mobile elements similar to the vertebrate
Recombination-Activating Genes

Yuri Panchin®, Leonid L. Moroz <



Open access, freely available online PLOS BIOLOGY

RAG1 Core and V(D)J Recombination
Signal Sequences Were Derived from Transib

Transposons

Vladimir V. Kapitonov", Jerzy Jurka”

: ——i Hookworm (Ancylostoma caninum)
® - Transib transposase l: Roundworm (Caenorhabditis elegans) |Nematoda

- RAGIT core . ;
§ - RAG] N-terminal domain Roundworm (Caencrhabditis briggsae)

# - RAG r® Fruit Fly (Drosophila pseudoobscura)
=R Le Fruit Fly (Drosophila melanogaster)
African malaria mosquito (Anopheles gambiag)
L@ Yellow fewer mosguito (Aedes aegypti)
i @ Silkworm (Bombyx mori) | Lepidoptera
Honey Bee (Apis mellifera) | Hymenoptera

f—=—@& Sea Urchin (Strongylocenirotus pumurarus)|ﬁchhmdcnns
— Sea Squirt (Ciona infestinalis)
L Sea Squirt (Ciona savignyi)
I Lancelet (Branchiostoma ﬂuddae}lﬂcpha!ohurdalcs
s Lamprey Ihgnalans
§7- — Ray-finned Fishes
jam--— Amphibians
fum- - — Crocodiles

_l—kr? — Birds

P Mammals
j——n—@ Hydra (Hydra magnipapillata) IHydmmans
—= Sea anemone (Nematostella vectensis)| Anthozoans

SUPLITE 6]

CIRERTT]

STVININY

|Urochm‘d.atc5 {ascidians)

ST I g

SpION )

SAIEMAHEA

SOIRIOUDA POME]

Cnidarians

® FUNGI
PLANTS

1100 1000 900 800 700 600 500 400 300 200 100 O My



Immunoglobulin gene family
Primordial Receptor Gene
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Acquisition of RAGs and Recombination Signals by Ancient Organism

RAG-1 like RAG-2 like
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2. REGULATION OF RAG TRANSPOSITION
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14;18 Translocation is the most common rearrangement in Human Lymphomas

Mor. Cr1r. BroL. (all Follicular Lymphomas)
MECHANISM OF t{14;18) bel-2 TRANSLOCATION 6483

Vor. 25, 2005
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FI1G. 5. Biochemical model for the mechanism of the t{14;18) chromosomal translocation. The aspects of the mechanism depicted by the two

questmn m’lrks in Fig. 1 are significantly clarified by this study. Our previous work indicated that the RAG cleavage at the Mbr (denoted I:n "RAG
complex #2" and downward arrows) is mdependent of the RAG cleavage at the paired 12/23-signal pair (denoted by “RAG complex #17 ), and
the work here has confirmed and extended this point (30). Because the signal ends do not recombine with the Mbr, Ihe}' may already be joined;
alternatively, they may still be bound by the RAG complex that cleaved them (1). In either case, they are unavailable to recombine with the Mbr.
This reduces the translocation intermediate step to a four-DMNA-end problem rather than a six-DNA-end problem. NHEJ is the pathway for

rejoining the ends, based on the new findings from the present study, which are shown in italics.



Human Severe Combined Immunodeficiency

Clinical Immunology (2010) 135, 183-192

available at www.sciencedirect.com
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REVIEW

More than just SCID—The phenotypic range of
combined immunodeficiencies associated with

mutations in the recombinase activating genes
(RAG) 1 and 2

Tim Niehues®*, Ruy Perez-Becker?, Catharina Schuetz”

* HELIOS Klinikum Krefeld, Center for Child and Adolescent Health; Krefeld, Germany
® Department of Pediatrics and Adolescent Medicine, University Hospital Ulm, Germany
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Severe Combined Immune deficiencies in Humans due to V-(D)-J recombination deficiencies
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Figure 1. V(D)} recombination. A) Organization of IgH locus and rearrangement process.
B) The VID}I recombination reaction and faultv steps in SCIDs.
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Table 1. Gene defects in T-B- SCID and RS SCIDs S
e
Gene Mutation Radiosensitivity  Immune Defect  Growth Delay Microcephaly Cancer Predisposition Ref g
Ragl. Ragd Mull Mo T-B-5CIDy Mo Mo Mo 1t %"
Hypomaorphic Mo Cimenn Mo Mo Mo 15 E‘
Artemis udl Yas R5-5CID o Mo ¢ 45 =]
Hypomorphic Yes RS-SCICy Mo Mo Yes 107 %‘*
Hypomorphic Yeas Ormenn MNo Mo Mo 17 a
DNA-Lighy Hypomaorphic Yes p-SCI0D Yes Variable Yes 77
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