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Phosphorylation of E3 Ligase Smurf1
Switches Its Substrate Preference in Support of Axon Devel-
opment
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INTRODUCTION

Here we report that protein kinase A (PKA)-dependent phosphorylation of Smad Ubig-
uitin Regulatory Factor 1 (Smurf1) can switch its substrate preference between two pro-
teins of opposing actions on axon development.

METHOD

The method of in utero electroporation follows previously described procedures (Saito
and Nakatsuiji, 2001), with minor modifications. Timed-pregnant Sprague-Dawley rats
were anesthetized at E18 with isoflurane, and the uterine horns were exposed by way of
a laparotomy. Saline solution containing the expression plasmid of interest (2 mg/ml)
together with the dye Fast Green (0.3 mg/ml; Sigma) was injected (1-2 pl) through the
uterine wall into one of the lateral ventricles of the embryos, and the embryo’s head was
electroporated by tweezer-type circular electrodes across the uterus wall, and five elec-
trical pulses (50 V, 50-ms duration at 100-ms intervals) were delivered with

a square-wave electroporation generator (model ECM 830, BTX, Inc.). The uterine horns
were then returned into the abdominal cavity, the wall and skin were sutured, and the
embryos continued their normal development.
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DISCUSSION
To further determine the functional relevance of Thr306 phosphorylation of Smurf1 on
neuronal development in vivo, we used in utero electroporation (Saito and Nakatsu;ji,
2001) to express construct encoding Smurf1T306D, Smurf1T306A, or shRNA against
Smurf1 (shRNA-Smurf1) in a subpopulation of neural progenitor cells. For better obser-
vation of polarity phenotype, brain slices were obtained from rat pups at P4 when most
cells had arrived at cortical plate. Cortical neurons were visualized by coexpressing the
fluorescent marker protein EGFP or tdTomato. Control neurons (expressing marker pro-
tein alone) were mostly (93%) located in the cortical plate (CP) and exhibited polarized
morphology (Figures 6A and 6B), with dendritic arbors oriented toward the pial surface
and the axon oriented radially in CP and horizontally near the intermediate zone (I1Z) and
subventricular zone (SVZ). Compared to control neurons expressing the EGFP con-
struct, cortical neurons expressing phosphorylation mimicking Smurf1T306D arrived at Figure 5. RhoA Degradation Is Required for Spontaneous and BDNF-Induced Axon Initiation (A) RhoA inhibi-

i i H i i i ihiti tion promoted spontaneous axon formation. (A1) Immunostaining with axon-specific Tau-1 and dendrite-specific
gzrgll’;[glc();tyovt\)ll\;:’? Lrﬁumg;aﬂ%nhg/eg?;zc\ﬁgz Iao:lggzr‘;ecg:seSr;t:%tee?r;g?jlIfr:l)J(I:I[t))cl)tllgg’)c C;nr;lglex MAPp—2 showedz 5-DIV cultured hippocamngl nZ:uron that was e%(posed to thep ROCK inhibitor Y-27632 (5pmM)

o . 4 8 . since 4 hr after cell plating. (A2 and A3) Similar to that in (A1), except that the neuron was transfected with a
reduced percentage of cells exhibiting polarized morphology (unipolar or bipolar) Finally, constitutively active RhoA-CA (A2) or Smurf1-resistant RhoAk6,7R (A3), showing no axon formation or a short
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neurons expressing shRNA-Smurf1 showed severe defects in polarization and radial axon (marked by asterisk). Bar, 25 mm. (A4) Summary graph showing polarization phenotypes as in A1-A3.
migration, with most cells accumulating in 1Z/SVZ and exhibiting only short processes. Data represent mean + SEM (n = 3, 100 cell each; *p < 0.1; **p < 0.01, Tukey test). (B) RhoA inhibition is suffi-
’ ) i N cient to initiate axon formation, and its stabilization prevented BDNF-induced axon initiation. (B1 and B2) Im-
Thus, normal PKA-dependent Smurf1 phosphorylation at Thr306 is required for proper ages of hippocampal neurons with the axon initiated on the stripe coated with Y-27632 (B1), and off the BDNF-
polarity formation and radial migration of newly generated cortical neurons, two tightly coated stripe for neurons expressing RhoAk6,7R (B2), immunostained on 3 DIV for axon identification. Stripe
linked events during neuronal development in vivo. width, 50 mm. (B3) Summary graphs showing the percentage of axons that were initiated on or off the strips

coated with Y-27632 or BDNF. Only neurons with the soma located at the stripe boundary were counted. Data

o 1y 4 4 . 1 represent as mean = SEM (n = 3, 90 cells each; **p < 0.01, Tukey test).
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Figure 1 Experimental strategy. (A) Dissection of the ventral lateral midbrain (VLM) nique are necesgary. To .thIS end we carried out a genome-ywde analySIS .
region. (i) In situ sagital view of a HH st16 electroporated embryo expressing pCAb- Of the effect of this technique on endogenous gene expression. Our analysis has
IRES-Dmrt5 construct (dorsal view in the inset). Red lines indicate the midbrain established that the electric current used during electroporation (5 x 50-ms pulses
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(Mb) region, which was dissected out. (ii-iv) Coronal sections of midbrain. White [ ; ; i ;
lines mark the VLM region. This region was isolated from (i) control embryos of 12 V) has a minimal affect on gene expression, causing a C.hange In eXpression § - 1o chnical Support Specialist
(VLM), (iii) VLM exposed to current (VLMi), (iv) VLM exposed to current + GFP of only 21 endogenous genes. The upregulation of Hsp25, which encodes a heat 800-272-2775. ext 1189

(VLMg), and VLM exposed to current + Dmrt5 (VLMd; image not shown) for investi-  shock protein known to be upregulated 24 hours after heat shock
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three biological replicates were used for each condition. cDNA was isolated from of the UquUItmatlon pathway indicate that some protein denaturation may have
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450489, 450488—5 & 7 mm Plati- DNA has a greater affect on endogenous gene expression than exposure tocur-
num Tweezertrodes _

rent alone, with 111 genes affected by exposure to current + GFP.

dmer-
daa@harvardapparatus.com

Keisha Dykes
International Sales
800-272-2775, ext 1187
kdykes@harvardapparatus.co
m

450052—ECM 830 Square Wave // V4

Generator o //2 Emma K Farley™, Emily Gale', David Chambers? and Meng Li’'

"MRC Clinical Sciences Centre, Hammersmith Hospital Campus, Imperial College London, W12 ONN,
UK 2011 Farley et al; licensee BioMed Central Ltd.




CELL TRANSFECTION & CELL FUSION

HARVARD APPARATUS PRODUCTS

The Electroporation Ex;

The

Targeted electroporation of defined lateral ventricu- A
lar walls: a novel and rapid method to study fate

specification during postnatal

forebrain neurogenesis
ECM 830

Background

Postnatal olfactory bulb (OB) neurogenesis involves the

generation of granule and periglomerular cells by neu-
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ral stem cells (NSCs) located in the walls of the lateral

ventricle (LV). Recent studies show that NSCs located
in different regions of the LV give rise to different types Y
of OB neurons. However, the molecular mechanisms Ll
governing neuronal specification remain largely un-

H Figure 3. Targeted electroporation of defined lateral ventricle wallS. (A) Quantification of
known and new methods to approach these questlons the percentage of GFP+ RGCs in subregions of the LV following lateral, dorsal and septal |.= | | ‘ | ‘ |
are needed. electroporation. Note the efficient targeting of distinct LV walls with different positioning of

the electrodes. The most ventral regions of the lateral and septal LV walls, however, show L
. . lower numbers of electroporated cells. Error bars represent standard error of the mean.
w (B) Quantification of the percentage of GFP+ RGCs at defined rostro-caudal levels of the

In this study, we refine electroporation of the postnatal LV. (C-E) Representative overviews of the distribution of electroporated (GFP+, green)

. . . cells at two rostro-caudal levels of the LV (that is, Bregma 1.4 mm and 0.2 mm). DAPI
forebrain as a technlque to perform precise and accu- (blue) was used as a nuclear counterstain. Scale bars: 1 mm. Ctx, cortex; EPO, electro- L

rate delivery of transgenes to NSCs located in distinct  poration; Sp, septum; Str, striatum.

Across
walls of the LV in the mouse. USing this method, we A 1 Is a thick tough membrane lying close to the
confirm and expand previous studies showing that oranium and vettebrae. Tt is separated from the
NSCs in distinct walls of the LV produce neurons that i a‘Ic- arachnoid membrans by the subdural space.
. . . £l E] 2 Refers to a group of functionally related cell bodies
invade different layers of the OB. Fate mapping of the 363 i the PNE.

f=31

progeny of radial glial cells located in these distinct LV
walls reveals their specification into defined subtypes of

Is that patt of the nervous system that contains
neuronal cell bodies.

| d il | C 7 Is the active transition of an ion charmel from an
granule and periglomerular neurons. T cpento a closed e
onclusions H 8 = 8 Ts part of the diencephalon. Tt lies just abowe the
T . . . . . . 3 R
Our results provide a baseline with which future studies ! pittary gland and has a munber of impottant neural
aiming at investigating the role of factors in postnatal i H;‘ngfnfd;;“;m o ;

. g . ° S 3 the tatty layer of msulation that 18 wrappe
forebrain neuronal_spe0|f|ca_t|on can be com parec_i. Tar- ) ) o around most large nerve fibers and which aflows for
geted electroporation of defined LV NSC populations ) o , c , _ rapid, unattentuated conduction of the action

. . . Figure 1. Electroporation efficiency using electrodes of different sizes. (A) Schematic rep- otential
will prove valuable to StUdy the genetlc factors in- resentation of the position and size (10 mm and 5 mm) of the electrodes used in the first 12? Fihe i bl disi o
volved in forebrain neuronal specification. part of this study. Only the positive pole is represented. (B) Representative example of s part of the ciencephalon and 13 mmportant nok only
electroporated radial glial cells (RGCs) expressing high levels of GFP at 1 day post- in relaying information to the cerebral cortex but in
. , ) ., electroporation. The right panel shows a higher magnification of the region surrounded by controlling the degree of arousal and attention withun
Maria E F_ernénde1*2 , Simona Croce', Camille Boutin®, Harold Cremer” and the dotted box. Only cells with clear RGC morphology, that is, with an end foot contacting CIS neural systems
9'“"_‘” Raineteau™ o o . the ventricle surface and a main apical process, were counted. DAPI (blue) was used as a 13 Are those parts of the TS that primarily contain
Brain Research Institute, University of Zlrich/ETHZ, CH-8057 Zirich, nuclear counterstain. (C,D) Measurements of the electroporated area (C) and of the num- nerve fibers and ghal cells
Switzerland ber of electroporated RGCs (D) when 10-mm (filled bar) or 5-mm (hatched bars) diameter 14Is & transmembrane pore that alows ions to fow
electrodes were used. Please refer to Materials and methods and Additional file 1 for ex- e
. b T I d
Fernandez et al. Neural Development 2011, 6:13 perimental details. Note that the use of smaller electrodes does not improve the precision across a membrane. 1t exists In at last an open an
: ™ ) closed state and i3 regulated by either a change m
http://www.neuraldevelopment.com/content/6/1/13 of electroporation (that is, did not decrease the electroporated area size), but tend to de- "
crease the number of electroporated cells. Error bars represent standard error of the mean. metnbrane potential (voltage-gated channels) of the
Scale bars: 50 ym and 10 um in (B) (left and right panels, respectively). LV, lateral ventri- binding of a speciic neuretransmitter or chemical
cle. substance (ligand-gated or chemically activated
channels)
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The neuronal cell processes that taper from the
soma cutwards, branch profusely and are
responsible for conveyng information to the
neuron,

e NEW BTX Website

BTX, the Electroporation Experts, are proud to announce the launch of their new and
improved website. www.BTXonline.com.

The new website is completely revamped and now includes many new features

) ) f . 3 Is the specialized site of conmmunication between
and tools designed to keep users abreast of all the latest in today’s research climate. two cels, fypically neurons
New Features Include: 4 A chermical substance released by a presynaptic

o Streamlined Navigation netve terrninal that diffuses and binds to specific
postsynaptic receptors which leads to an alteratic
1 current low m that posteynaptic cell

®  Product Search by Application

* New Training Videos & Resources 5 Are found m the PNZ and are responsible for

(] Improved & Updated Protocols Database prowviding the myelin sheath to azons in peripheral
To learn more about BTX products, visit the NEW www.BTXonline.com today, and nErves.

search for products by application; download new protocols or application notes, 9 Form the other major cell class in the nervous
view new training videos and tutorials and much more! system with neurons

1015 the pomt of communication between the lower
motomeuron azon nerve terminal and the muscle
e NEW Training Videos fiber it innervates.
Training videos are now available for the set-up and use of the Agile Pulse In vivo
system, Agile MAX System and the Hybrimune Fusion System. Videos include
tutorials on cell preparation pre and post fusion ; in vivo electroporation and tissue
targeting, all in easy to learn format. Visit www.btxonline.com to view these new
additions to the BTX Resource Library.
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The New AgilePulse line of electroporation generators possess unique variable - & el N
Pulse amplitude technology which promotes greater cell membrane poration EEVAEm )
resulting in maximum transfection efficiency with minimal damage to the cells
or tissues. AgilePulse technology is ideal for applications in research including: B ~ 47-0200 Agile Pulse
®  Invivo Vaccine Delivery < 2 MAX System BTXIHarvard Apparatus

84 October Hill Rd.
Holliston, MA 01746

The Hybrimune, our newest electrofusion system, is a programmable square = - 800-272-2775
wave generator with variable AC pulse frequency technology to enhance 3
the alignment of cells in large volumes. Researchers performing

hybridoma or monoclonal antibody applications can achieve the highest 47-0400 Agile Pulse In vivo
throughputs (up to 9 mLs in one shot) and yield maximum fusion System

efficiencies; ideal for applications in research, including:

e  Hybridoma Production
e  Cell Fusion .

®  Gene Therapy Research
e Large Volume Cell Transfection

www.btxonline.com

®  Nuclear Transfer e
IEE
- °} = 47-0300 Hybrimune
“ﬁ - Fusion System

HARVARD APPARATUS

Molecular Delivery Systems




