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.Durlng B lymphocyte activation and dlﬁerenpahon in the germlnal center of secono!ary 1. Use slides’ rough edges to mash a mouse (Mus . ; .
lymphoid organs, two processes known as Somatic Hypermutation (SHM) and Class Switch musculus) spleen to yield a spleen cell suspension
Recombination (CSR) are utilized to optimize the antibody response to antigens. SHM allows for , P y P P 30 ¢
base pair mutations to result in improved affinities for antigens, while CSR precipitates the excision . . . . 8 ?
P . PIovi . &€ Precip . <\N 2. Upon filtering the suspension, add 2 pg Anti-CD23 I g 2
of constant regions (C,,) that are undesired, generating a desired heavy chain constant region, or Ig ) . . MR : : : :
isotype, for the immunoglobulin antibody that targets an antigen. These two processes are Biotin Antibodies and 30 uL Anti-Biotin MicroBeads L o oo
executed by the enzyme Activation-Induced Cytidine Deaminase (AID). The transcription of the . — . 2
gene for AID, on a cellular level, occurs in transcriptional bursts, (i.e. intense periods of activity 3. Pass the mixture through a magnetic filter with 12 TEY YRR Y EEEY TITITOITETII LY O S S .
dispersed amongst long periods of inactivity). We stimulated the naive (unexposed to an antigen) B mL of MACS buffer cooTTrerr o EARRs oo TTETTTRARRAR AR i A
cells with lipopolysaccharide (LPS), an endotoxin found on Gram-negative bacteria, and after LPS- Y cooas AID #mRNA AID #mRNA AID #mRNA
exposed incubation, we used the RNA Fluorescent In Situ Hybridization (RNA FISH) technique to H B Cells 4. Suction out the mixture attached to the magnetic Fig. 5a Fig. 5b Fig 5c.
check the single molecule level of AID mRNA. We utilized this method to specifically localize and - filter, yielding naive B cells, and add 100 pg/mL | .
quantify the AID mRNA, allowing us to identify when the bursting of AID transcription occurs and to lipopolysaccharide (LPS) Flg.gure 5?' Cell couints per AID #mRNA 17 hours after LPS
what extent it was activated over time. stimulation
N Lps 5. Incubate in 37.0°C and 5.0% CO, for 17 hours | Figure Sb. Cell counts per AID #mRNA 24 hours after LPS
l : i stimulation
@ s D i Figure 5c. Cell counts per AID #mRNA 48 hours after LPS
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~ Inthe secondary (peripheral) lymphoid organs, R % = 6. Put 50 pL of cells on a coverslip and incubate for T - ) ,
naive mature B lymphocytes (or Follicular B cells) e Y T X /O l Fixon 20 minutes : . Figure 5d. Box plot of AID #mRNA with 17, 24, and 48
undergo SHM in the dark zone of the lymphatic ,9 @ O Coverslips O s . hour stimulation, respectively
erminal center and are referred to as centroblasts X [ o [\ S . ..
5¢ © Q7 (= o\ e ' 7. Place coverslips in 2 mL PBS, then 1 mL 4% PFA for
(Fig. 1). As a result of SHM, centroblasts undergo . ...~ —¢ \O ¥ Ny o ) . ' ;i
mutations and experience either higher affinity or LA % O?)\h\ﬁjrk xation, then PBS 2 mL thrice, then 2 mL 70% AnalySiS and conclusions
lower affinity for the antigen. These centroblasts = — @ — O)) " " Ethanol
enter the light zone of the germinal center and are Analyzing the images, we identified an increase in AID mRNA quantities from the 17 hour
referred to as centrocytes. The centrocytes with an o e o it <= 8. Store overnight in 4°C LPS stimulated to the 48 hour LPS stimulated cells, illustrated by the surge in bright green points (mature
improved affinity for the antigen undergo CSR to b Hybridization mRNA). In the 17 hours LPS stimulated cells, 74% (37 out of 50) of cells exhibited zero AID mRNA
——— mature mRNA . g . .
oroduce various isotypes of immunoglobulin heavy ~ Pre-mRNA ' with mRNA Probes molecules, and another 16% exhibited only one AID mRNA molecules. In contrast, in the 24 hours LPS
- - Figure 1. B cell activation and imulati I imately 89% (44 out of 56) exhibited AID mRNA molecul hil 5 molecul
chain constants (lg isotypes), necessary for the . re L. 8 : ) R ) ] stimulation cells, approximately 89% (44 out of 56) exhibite m molecules, while over 5 molecules
immune response, while the centrocytes with a lower differentiation in th.e germinal centfer of 9. Wash with 2 mL 10% Formamide/2xSSC washing of AID mRNA were detected in 23% of cells. Using the wide-field epifluorescence microscopy, we were
affinity for the antigen underso apoptosis. The a sefondafv (perlphc.aral) Iymph0|d. buffer, then add 2 pL mRNA probes able to visualize B cell transcriptional bursting of AID mRNA as a phenomenon that is significantly activated
selected centrocytes, after CSR, differentiate into organ, including §omat|c hyp.erm.utatlon more than 24 hours after LPS stimulation. After 48 hours of LPS stimulation, a staggering majority of cells
slasma cells and memory B cells. and class switch recombination 'y \ /\ 10. Hybridize for 12 hours in 37 degrees Celsius experienced intense transcriptional bursting activity, with 38% of cells (19 out of 50) displaying AID mRNA
During SHM and CSR, the enzyme AID plays a crucial role in stimulating improved affinities o < molecule quantities greater than 10. The experimental results illustrated a two-state, repressive and
V4 I . h . . o o . . . o . o o o
for antigens and more suitable isotypes for immunoglobulins. In SHM, AID deaminates Cytosine in ,\T-age " permissive transcriptional bursting model, in which at any given point in time, the AID mRNA quantity
CTOCoPe h with 0 id h would exhibit significant standard deviation, with large differences between the mean and maximum. This
G:C base pairs into Uracil (i.e. G:U) on the variable segments of immunoglobulin genes, which 11. Wash with 2 mL 10% Formamide/2xSSC, then 2 5 R & _ _ '
allows for G:N mutations, A:T mutations, mutations in neighboring A:T base pairs, or normal repair. mL 2xSSC, then stain nucleus with DAPI fluorescent was demonstrated, as the standard de\{latlon. for jche 17’, 24, and 48 hour LPS stimulation cells was o
This results differences in antibody protein structure, and consequently, improved or lower stain approximately 1.99, 3.75, and 12.35, with a significant difference between the mean and the upper limit of
affinities for the antigen. In CSR, AID deaminates dC nucleotides in the top and bottom strands of the third quartile, let alone outliers. The strong degree of variability in AID mRNA transcriptional bursting
: : ' ' : , : , , : : activation, as seen in the two-state transcriptional bursting model, is a result of the innate variability of
t:e.SWItCh ) redglo.ns Igcatsld upstrzar(\; of ea;h cinstant,regmnh(CH) " Fhe ml;nmt:jnofglc:]bulm :eavy 12. Image under wide-field epifluorescence individual cells in bursting activation. The discrepancies between cells in cell size, cell cycle stage
cain gene, procuting Gou e-stran © PNA breaks [DSB s).m the > region =g © t .ecu “avy microscope extracellular signals, transcription factors, and varied chromatin configuration influence the activation of
chain constant (Sp) and the S region ahead of the desired constant C, region (Fig. 2). This .g e e P ) ! , 5 , ) h
orecipitates the excision of undesired C., regions, prompting transcription for the desired antibody MRNA transcription. It is well established that AID mRNA expression level increases with B cell activation,
heavy chain. The DSB’s made in CSR byHAID a||0\’N for the production of different immunoglobulin * O Laurie O'Keefe 13. Repeat steps 5-12 with B cells incubated for 24 due to the need for AID enzyme to execute SHM and CSR. In addition to this knowledge, we were able to
heavy chain constant isotypes (classes), each with various functions in executing the efficient hours between LPS stimulation and fixation, as well identify that significant activation for AID, and consequently, significant mRNA transcription, occurs more
immune response ’ as 48 hours than 24 hours after antigen (LPS) stimulation. In the future, we can better understand the mechanism of
o : activation in B cells by observing live-imaging transcriptional bursting. The purpose of this research is
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w ®Rcu o5 op  on v cra o R g = ol to gain more insight on B cell biology.
(>85s8 <800 <8 _o8 sS=W
umRNA %ﬂr ? DNA looping = yw
T v bt _
= References
- - o Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K., Watson, J. D. (1994). The immune system. In M.
Tl Robertson, R. Adams, D. Goertzen, P. Bessas (Eds.), Molecular biology of the cell (pp. 1195-1254). New

York, NY: Garland Publishing, Inc.

Halpern, K. B., Tanami, S., Landen, S., Chapal, M., Szlak, L., Hutzler, A., Nizherbg, A., Itzxovitz, S. (2015).
Bursty gene expression in the intact mammalian liver. Molecular cell, 58, 147-156. http://dx.doi.org/
10.1016/j.molcel.2015.01.027

Stavnezer, J., Guikema, J. E.J., Schrader, C. E. (2008). Mechanism and regulation of class switch

Histone
modifications

Number of cis-

o
\ 4
? regulatory elements ? Nucleosome

C Heavy chain genes ﬂ o . occupancy

in IgA-expressing cell vDJ

Affinity of cis- Burst size
regulatory elements Burst size and frequency

o mRNA Burst frequency

Figure 2. Class switch Figure 3. Factors affecting burst size and burst ‘ o recombination. Annual review of immunology, 26, 261-292. doi: 10.1146/annurev.immunol.
recombination with activation- frequency in transcriptional bursting 26.021607.090248
heavy chain gene epifluorescence microscopy epifluorescence microscopic epifluorescence microscopic Acknowledgements

The transcription of mRNA, including AID mRNA, occurs in transcriptional bursts or pulses, imaging of B cells incubated imaging of B cells incubated imaging of B cells incubated First and foremost, | would like to thank Dr. Komives for dedicating her time, efforts, energy, and
which may be a result of closed/open chromatin formation, transcription factors, cell cycle effects, for 17 hours LPS stimulation. for 24 hours LPS stimulation. for 48 hours LPS stimulation. love to kindling our passio’n for true science and research and making this incredibly’/ inspirir’wg progr’am a
cell size extracellular signaling, etc. (Fig. 3). Transcription factors regulate mRNA activation by Minimal mRNA transcriptional Mild mRNA transcriptional High mRNA transcriptional reality. Next, | would like to thank Dr. Murre for welcoming me into his lab, for the Murre Lab for
alternating between a repressive, inactive state, and a permissive, active state, generating surges of bursting activity was detected, bursting activity was detected, bursting activity was detected, supporting rr;e in my endeavors, and Joy Zhou for mentoring me and guiding mé through the lab and its
intense transcription. The stochastic nature of this occurrence produces variation in quantity and indicated by low presence of indicated by moderate indicated by high presence of unique experiments. Additionally, thank you to Eduardo Ramirez, Ms. Dong and the Academic
location of mMRNA within tissues. Single molecule Fluorescent In Situ Hybridization (smFISH) can mature mRNA (green) and pre- presence of mature mRNA mature mRNA (green) and pre- Connections staff for providing me with this amazing opportunity. _
identify both mature and pre-mRNA transcripts of endogenous genes. This method provides us with mRNA (red/yellow) (green) and pre-mRNA (red/ mRNA (red/yellow) * _ _ _ i“_ Academic
more insights on the activation of AID transcription and its transcriptional bursting. yellow) E!SE&L(E&L%&ISE&S? ucsp | Connections




