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Wnts are signaling molecules important for 
development and cancer

Wnts activate cell surface receptors

Send transcription factors to nucleus

Regulate:
Cell fate/differentiation
Proliferation
Migration

Cause cytoskeletal rearrangements
Independent of transcription

Regulate:
Cell polarity
Shape
Migration



Wnt-receptor interactions regulated by soluble 
inhibitors (red) and a positive cofactor, TINAGL1

Multiple steps of neural crest
cell migration and craniofacial
chondrogenesis

TINAGL1



General Hypothesis: Disrupting TINAGL1-Wnt interaction will lead 
to loss of Wnt signaling

(supported by mRNA knockdown data in zebrafish)

TINAGL1

If a mutant TINAGL1 can still bind receptor complex but not Wnt, it may well
interfere with function of co-expressed NORMAL TINAGL1 in activating Wnts

In genetics, this is called a dominant negative effect.



A strategy to disrupt TINAGL1-Wnt binding

palmitate palmitoleate

WNT

TINAGL1

Lipocalin motif

GCAGGRIDGAWWF

GCAGGRIDGAGWF

GCAGGRIDGAWGF

Normal LCN

LCN-W1

LCN-W2

Make single mutations that
reduce hydrophobicity and bulky
shape of a postulated key 
tripeptide, WWF



Summer 2015 – “QuikChange II Mutagenesis”

Start with TINAGL1 cDNA plasmid
+ 2 primers that contain point
mutations compared to 
template sequence

PCR = polymerase chain reaction

New DNA made in vitro
is not methylated, so
is not cut into pieces by Dpn I

Grow in E. coli  few colonies, but almost all will contain desired mutation



Successful isolation of lipocalin mutant TINAGL1 
cDNA plasmids

3 LCN-W1 clones 3 LCN-W2 clones

* 3 clones of each plasmid tested

5/6 are of expected size

•2 clones of each plasmid sent
to Retrogen for sequencing across
mutation site

All had expected mutation

•One clone of each plasmid
completely sequenced

Both had correct sequences, so no
undesired mistakes were made by
the PCR polymerase



mRNA synthesis using Ambion SP6 mMessage 
mMachine kit

mRNA encoding TINAGL1

3’ poly(A) tail
Promotes translation
in embryos, especially

5’ cap
Stabilizes and
promotes translation

1           2          3      

1 – Wild-type (WT) TINAGL1 mRNA

2 – LCN-W2 mutant TINAGL1 mRNA

3 – GFP (green fluorescent protein) mRNA



Injection of zebrafish embryos

Single-cell embryos

Fine needle contains solution with visible dye
and 100-150 pg mRNA per nl injected

2 days later!

Uninjected

GFP mRNA
injected

LCN-W2 mutant
injected



Outline of zebrafish injection trials and assays
* Inject 100, 125 or 150 pg WT or LCN-W2 TINAGL1 mRNA
singly into normal zebrafish embryos
* Defects similar to those seen with TINAGL1 gene knockdown
may indicate dominant negative effect
•Previously known that 100 pg WT mRNA gave moderate rescue of
knockdown phenotypes

Visible defects scored in live
embryos at 2 days

Eye size?
Body axis curvature?
Renal cysts?

Hatched larvae fixed at 5 days
stained with Alcian blue that labels
cartilage structures

Defects in lower pharyngeal arches?
Palate or cranial cartilages?



Body axis curvature

Uninjected 2  day

WT TINAGL1 mRNA (150)

LCN-W2 mRNA (150)

WT mRNA    mutant mRNA

100 pg         0/16              2/7

125 pg        1/12               5/43

Quantitative data not captured at
150 pg, but a few pictures were taken

Preliminary data suggest a trend
for LCN-W2 mutant mRNA to cause
body curvature defects



Small eyes and renal cysts

WT mRNA (125)

LCN-W2 (125)

LCN-W2 (125)

LCN-W2 (100)

WT mRNA    mutant mRNA

100 pg         0/16          2/7
(1 renal cyst)

125 pg        1/12           4/43
(2 renal cyst)

Affected embryos are same
or a subset of those with
ventral body curvature

Overall picture is of low
penetrance of phenotypes
similar to those characteristic
of TINAGL1 gene knockdown,
mainly in LCN-W2

*Suggestive of dominant neg.



Ideal fish cartilage preparations (day 5) compared
to human structures

Lower jaw
(mandible)

hyoid

Ethmoid plate
(palate equivalent)

Skull baseSupport eye socket



Tinagl1 knockdown craniofacial defects

Mainly reduction of lower jaw (pharyngeal) cartilages

At high doses, or in combination with Wnt3a knockdown, see
reduced size of ethmoid plate (palate equivalent) and occasionally
reduction of skull base

Eyes generally symmetrically smaller than normal

We saw something a bit different with the LCN-W2 mRNA injections,
though numbers were small and we had a background problem with
poor embryo survival



Uninjected TIN WT 150 pg TIN LCN2-6 150 pg

Clutch #5M *SR:  74% 
(55/74)

AB total: 53
Abnormal: 0

AB total: 12
Abnormal: 0

AB  total: 25
Abnormal: 2

#1: Smaller head, Asymmetric (slightly smaller left 
eye), curved body ventrally

P1-6: reduced size
P3-6: absent left side, right side P6 is thin
P5: absent right side
Ethmoid plate: shorter
Left trabeculae: shorter (more medial)

#2: Asymmetric (smaller left  arches, eye)
Ethmoid plate: shorter
Left trabeculae: after this, other part absent

* Illustrated on next slide

Clutch #7M *SR:  62%(32/52)

AB total: 31
Abnormal:0

AB total: 17
Abnormal: 2

#1: smaller body/head/eyes,       
curved ventrally

P1: extremely short 
P2: mispatterned
P3-6: reduced size

#2: Asymmetric (little smaller 
right eye and arches)

AB  total: 17
Abnormal: 1

#1: Asymmetric (smaller right eye)
P1: short, ventrally hang
P5: absent right side
P6: absent

Alcian blue staining of Tinagl1 mutant (LCN 2-6) mRNA 150 pg injected embryos

With lower survival rates in other clutches, more defects were
seen with either mRNA; however, the asymmetric defects appeared
to be characteristic of the mutant LCN-W2 mRNA.



Wild-type (WT) TINAGL1 mRNA

Lateral views Ventral views Dorsal views

Uninjected 5 day

Alcian blue cartilages - normal



Lateral views Ventral views Dorsal views
Left trabecula ends abruptly, skull base absent this side

ventral cartilages 3-7 missing on L

Alcian blue cartilages –
LCN-W2 (best experiment)



Ideal fish cartilage preparations (day 5) compared
to human structures

Lower jaw
(mandible)

hyoid

Ethmoid plate
(palate equivalent)

Skull baseSupport eye socket



Human craniofacial abnormalities

Cleft lip/palate – most common – Wnts are among genes involved

Hemifacial microsomia – second most common – variety of asymmetric
skull and facial defects, genetic basis unknown and there have not been
animal models

Could our zebrafishLCN-W2 mRNA injections be resulting in small errors in
strength of Wnt signaling that cause an asymmetric microsomia-like phenotype?

LCN-2-W6 Mutant



Questions?
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