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Constitutive Expression of Squid Reflectin Protein Impairs Tight Junction
and Polarity in MDCK Cells

HU Biru”, SONG Junyi**
(College of Science, National University of Defense Technology, Changsha 410073, China)

Abstract Cephalopods assemble periodic membrane architectures within iridocytes using reflectin pro-
teins to generate tunable structural colors. However, the mechanisms underlying their intracellular trafficking,
spatial organization and functional execution remain poorly understood. Previous studies have demonstrated that
RefAl (reflectin A1) obtained via heterologous expression in Escherichia coli displays high affinity for phospho-

lipid membranes, while RefAl expressed in HEK-293T cells by transient transfection undergoes directional traf-
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ficking along the microtubule cytoskeleton. Therefore, the MDCK cell line, which possesses vesicular transport
capacity and cytoskeletal plasticity, was selected as the research platform in this study. A cell model stably express-
ing squid-derived reflectin RefA1 was established to investigate its intracellular trafficking behavior and impacts on
cellular structures. Results showed that RefA1l failed to yield the anticipated microtubule-guided subplasmalemmal
enrichment, yet drastically disrupted cellular morphology and polarity. Cells expressing RefAl presented reduced
cell area, disassembled tight junctions, and became trapped in a “proliferation-detachment” cycle, preventing the
formation of an intact cell monolayer. Transcriptomic analysis revealed that RefA1 severely perturbed the molecu-
lar networks governing cell junction assembly and polarity establishment. Specifically, it repressed the expression
of polarity-determining factors including CLDN4, CDHI and PARDG6B, while upregulating contractility-regulatory
genes such as MYLK2 and ROCK]I. Collectively, these findings reveal for the first time that reflectin proteins not
only interact with cell membranes and the cytoskeleton, but also actively modulate the establishment of cell polar-

ity. This work offers novel insights into the cellular basis of photonic structures in cephalopods, and provides new

clues for protein-mediated cellular morphogenesis engineering and biomimetic material design.
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(A) DAPI Fluorescein DiD Merge (B) DAPI Fluorescein Cy5 Merge

(C) Dparl RefAl GFP  Tubulin-Tracker Merge

RefAl GFP

Tubulin-Tracker Merge

A: RefA 1454 I 2 N EAE o Z0AA% . RefA LFIZH AR /) ) F DAPI( {4) fluorescein(Z: {4 )R DiD(ZL {4) 444 . B: RefA 10 % ) mRNAH
I AR SEE M P30 . AAA% . RefA1FImRNAZ I HIDAPI(HE 1), fluorescein(4% () FICyS(ZLE)4eta. C. D: B N FRIEIRefAT LI
TR 51 K5 173z A S AE rhoCo A ) [ 0 & SR (B C: 20 2039, 181D 2035 1)« 0 MAZ AN B 22 233 FHDAPI(CS ) Fl Tubulin-Tracker(4L £4)
Jett, GFPHRICIRefA L R A 4R A

A: plasma membrane binding and endocytosis of RefAl. Nuclei, RefAl and cell membranes were stained with DAPI (blue), fluorescein (green) and
DiD (red), respectively. B: intracellular delivery of RefAl-encapsulated mRNA via endocytosis. Nuclei, RefAl and mRNA were stained with DAPI
(blue), fluorescein (green) and Cy5 (red), respectively. C,D: intracellularly expressed RefAl exhibits microtubule-guided directional transport and ac-
cumulation at the centrosome (fig.C: prophase of cell division; fig.D: telophase of cell division). Cell nuclei and microtubule cytoskeletons were stained
with DAPI (blue) and Tubulin-Tracker (red), respectively. GFP-tagged RefA1 is shown in green.

Ell HEK-293TZRAEFRefAIIEFEM N K EAE M HBERFHIZS

Fig.1 Confocal microscopic analysis of membrane affinity and subcellular localization of RefAl in HEK-293T cells
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(A) Brightfield DAPI Tubulin-Tracker ~ Merge

MDCK

MDCK_Che NS

100 pm

®

<7 1002

MDCK_RefAl_GFP MDCK_RefAl

Magnified view  (B)

5 0004 ns = MDCK
B3 MDCK Che NS
B = MDCK_RefAl
\: 1 5004 =1 MDCK_RefAl GFP
g
= 10004
3
o
<
§ 5004 |l|

A: MDCKANE &5 22 S1ONAR 22 B3R . A 351 9 3L B 48 BB i 1% 4 2R 4% HIDAPIARIC (E () G o, 3 1 28] Tubulin-Tracker
FRIZ(MDCK_Che NSALZEE sk, HARIM WML h). B: AUM-FIHARMI Gt . RZER="F bk 2. 35 il o 56

*P>0.05, ****P<0.000 1, n=20,

A: morphology of MDCK cells. The left column shows phase contrast microscopic images. The three columns on the right display confocal laser scan-

ning microscopy images: nuclei were stained with DAPI (blue), and microtubule cytoskeletons were labeled with Tubulin-Tracker (appearing green in

the MDCK_Che NS group and red in the other three groups). B: statistical analysis of mean cell area. Error bars represent X+s. Statistical significance

was determined by Student’s #-test, "“P>0.05, **#*P<(.000 1, n=20.

E2 @SS ERKRES T
Fig.2 Analysis of cellular morphology and growth status
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MDCK_Che NS MDCK_RefAl

14 days

14+2 days

4T SR ARE 14 AR, 5 4T BoR gk e 952 d(14 d+2 O EHPIRES .
The first row shows cellular status at 14 days after passaging; the second row presents cell morphology after an additional 2 days (14 d+2 d) of culture.
E3 HEMME RIS T

Fig.3 Analysis of cell growth status in different groups
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A: sample correlation analysis. B: PCA analysis. C-E: volcano plots of DEGs (differentially expressed genes). The horizontal axis represents logs(fold
change) of gene expression, and the vertical axis denotes —log;o(Q value), which reflects the statistical significance of differential expression. Red dots
indicate significantly up-regulated genes, green dots represent significantly down-regulated genes, and gray dots correspond to genes with no significant
expression difference. PV: proportion of variance; SD: standard deviation.
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Fig.4 Analysis of gene expression of cells in different groups
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R SREEREEMRUZRBRNERTEEE(MDCK_RefAl vs MDCK)
Table 1 Differentially expressed genes associated with impaired tight junction formation and cell polarization
(MDCK_RefA1l vs MDCK)

5 T 22530k
log,FC .

Gene Function References

CLDN4 (claudin-4) -7.61 Tight junction’s primary transmembrane protein; its down-regulation will directly disrupt [32-33]
the epithelial barrier and weaken cell-cell adhesion

TJP2 (tight junction protein -1.87 Tight-junction cytoplasmic scaffolding protein; its reduced expression disrupts the [34-35]

2) claudin-occludin-actin interaction, precipitating junction disassembly

CDH1 (cadherin 1) -11.36 Down-regulation of adherens junction core cadherins is a canonical EMT (epithelial-to- [36-37]
mesenchymal transition) signature; loss of adhesion renders cells prone to detachment

PARDGB (partitioning -6.97 An essential component in epithelial cell tight junction formation and maintenance of [45-46]

defective 6 homolog beta)

apico-basal polarity; its down-regulation will disrupt apical-basal polarity establishment,

thereby preventing tight-junction maturation

PRKCI (protein kinase C -1.27 Localized at tight junctions, is indispensable for asymmetric junction formation and apico-  [47]
iota) basal polarity; its aberrant activity or mislocalization disrupts apicobasal polarity

CRB3 (Crumbs homolog 3) -6.80 Apical polarity determinant; its down-regulation abrogates tight-junction assembly [48-49]
MYLK?2 (myosin light-chain 6.06 Phosphorylation of the myosin light chain drives actomyosin contraction; its up-regulation  [39-40]
kinase 2) may disrupt junctional integrity and elevate intercellular permeability

ROCK]1 (Rho-associated 1.05 Downstream kinase of RhoA; its hyperactivation promotes stress-fiber assembly and cel- [41-43]
protein kinase 1) lular contractility, leading to disruption of intercellular junctions

CFL]I (cofilin-1) 1.04 An actin-depolymerizing factor; dysregulation of its activity disrupts F-actin dynamics [44]

and compromises junctional stability

HfeE RIL O 5 R s H I RGP ER, Jfr]
RESZ IR S A B Tt

% 15343 T (principal component analysis, PCA)
BE— R T 4R 2 5% . MDCK. MDCK_RefAl,
MDCK_RefAl GFP. MDCK Che NS 44HFEAK H
(3 s SE R TR R R A, RUIEA
WEEHA—SS, CRESHERIF. EHEER
[1)4&, MDCK_RefA12H {854 o5 5 HoAh 2 B 273 &,
Bt T4 TR, i H AR 3E A EE s 3L R AL
TA LXK (K 4B), 1% — 28 8] A Ak s F IR B %
B, MDCK_RefA 1 4 i i) 2 R 5208 1 5 JL A 4 A7 7
AR5

Tk LB R 4L DEGs(B4C) . 45 R 5w,
MDCK_RefA 14 )4 ik 15 -5 MDCK 41 AH bt
FESaok, FAIF 3 1724 EIHIEREATS 6661 K
WL . MHEZ T, MDCK _Che NS#15MDCK
RefAl_GFPA HAALIE LR/, 43 il 5974 E 5
RIANT 328/ LA, DL S 4754 b i BRI A1 8924
TRER (B 4C). k) Z AL, 78500
R efA 1 232555 4 M EL AT 4 R 1 B2 il

556 e S SR U AT AT VA J5 , 250y
#1 7 DEGs#5& , L4577~ MDCK_RefA 1 MDCK _

RefAl_GFPAH F R 5% 4 5 A AR R 2 401 00 7
THLH

56, £% MDCK_RefA 1411 i i 5 S 4 32
W T BUAE G I DEGs#EAT 04T (R 1) R BN,
CLDN4P) 3214 52 3| i . 2 ] (log,FC=—7.61)P>),
VRN 5% % H2 8 11 2(tight junction protein 2, TJP2;
il ZO-2; log,FC=—1.87)*%) i b % 5 & 3K IR
% [F) B ™ 5 52 45— E-85 %6 &% H(E-cadherin,
CDHI1%ih%) 215 7K1 2 R £ (log,FC=—-11.36)P",

EAFERNZ, EAREBM X RERRILZ
FER [FT IS, 240 PR ST i L ) A O 35 D] ) 208 00 4 255
SRo LB F YA 2 E N B A R AL
WREMIHATE , DO RIS R A 5 M 2
2, WS 5 QI 5 0 RSP RENL
HEAARGHRIERER LR BN, HIL FHER
RIS R T ——MYLK 245 ROCK 1™ 151
T oh P v VY A S R St U e il Rl s S BN
(s R 2L, AT 70 4 B2 2 T A O 4 e ) 12 11 5
%%Ari[évt]o

FIHs, ¥ MDCK_RefAl GFP4H I () %%
KA WEBER T — RE 590 5% EER
WP S A DG R R R OE TR R (R 2) .



1784

2 S5EEFEREBRANRLZIREXHNERFKIAEEMDCK_RefAl_GFP vs MDCK)

Table 2 Differentially expressed genes associated with impaired tight junction formation and cell polarization

(MDCK_RefA1_GFP vs MDCK)

H e 226 3CHR
log,FC .
Gene Function References
CLDNI (claudin-1) —1.30 Core transmembrane proteins form the tight-junction strand; its down-regulation disrupts ~ [50-51]
the strand, breaks epithelial barrier integrity and weakens cell-cell adhesion
CDH?2 (cadherin 2) —2.73 Cadherin family members mediate cell-cell adhesion; their abnormal down-regulation [52-53]
disrupts adhesive balance, destabilizing junctions and perturbing migration
CDC42EP3 (CDC42 effector ~ —1.12 CDC42 effector; couples to CDC42 to steer cytoskeletal remodeling and set cell shape/polar- [54-55]
protein 3) ity. Its down-regulation cripples CDC42 signaling, blocking polarity and directional migration
MYL9 (myosin light chain 9) -1.21 Regulate myosin-II ATPase and contractility; at the rear, myosin-II contraction retracts [56-57]
the tail. Its down-regulation weakens this force, producing an extended “tailing edge”
that fails to retract
TGM? (transglutaminase 2) -3.47 Orchestrate cell-matrix adhesion and ECM cross-linking, governing focal-adhesion turn-  [58-59]
over at the rear. Its down-regulation disrupts adhesion dynamics, impairing tail release
and aggravating tail retention
TSPANS (tetraspanin 5) —7.96 A tetraspanin family member that organizes functional membrane microdomains by clus-  [60-61]
tering membrane proteins such as integrins and adhesion molecules, thereby regulating
cell migration and signal transduction. Its down-regulation disrupts the assembly of cell-
surface signaling complexes, impairs cell-matrix adhesion and focal-adhesion turnover at
the rear, and causes tail-release failure
FLNC (filamin-C) —1.66 An actin-crosslinking protein predominantly expressed in cardiac striated muscle, select [62-63]

smooth muscle and myofibroblast cells; it bundles actin into a dynamic gel and stabilizes
focal adhesions via integrin binding. Its down-regulation disrupts the tail’s cortical actin
mesh, reduces mechanical strength, and impairs adhesion maturation/turnover, yielding a

loose tail that stretches abnormally during attempted retraction
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