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Abstract
Renal dysfunction is one of the most common complications of septic injury. One critical contributor to
septic injury-induced renal dysfunction is renal vascular dysfunction. Protein palmitoylation serves as a
novel regulator of vascular function. Here, we examined whether palmitoyl acyltransferase (PAT)-DHHC21
contributes to septic injury-induced renal dysfunction through regulating renal hemodynamics.
Multispectral optoacoustic imaging showed that cecal ligation and puncture (CLP)-induced septic injury
caused impaired renal excretion, which was improved in DHHC21 functional de�cient (Zdhhc21dep/dep)
mice. DHHC21 de�ciency attenuated CLP-induced renal pathology, characterized by tissue structural
damage and circulating injury markers. Importantly, DHHC21 loss-of-function led to better-preserved renal
perfusion and oxygen saturation after CLP. The CLP-caused reduction in renal blood �ow was also
ameliorated in Zdhhc21dep/dep mice. Next, CLP promoted the palmitoylation of vascular α1-adrenergic
receptor (α1AR) and the activation of its downstream effector ERK, which were blunted in Zdhhc21dep/dep

mice. Vasoreactivity analysis revealed that renal arteries from Zdhhc21dep/dep mice displayed reduced
constriction response to α1AR agonist phenylephrine compared to those from wild-type mice.
Consistently, inhibiting PATs with 2-bromopalmitate caused a blunted vasoconstriction response to
phenylephrine in small arteries isolated from human kidneys. Therefore, DHHC21 contributes to impaired
renal perfusion and function during septic injury via promoting α1AR palmitoylation-associated
vasoconstriction.

Introduction
Septic injury often progresses into multiple organ dysfunction, serving as a leading cause of mortality in
the intensive care units1,2. Kidneys are one of the most susceptible organs to septic injury. Patients with
septic injury-induced renal dysfunction tend to have prolonged hospital-stays, worse outcomes, and
signi�cantly higher mortality1. The pathogenesis of septic injury-associated renal dysfunction is a
complex and multifactorial process; one prevailing mechanism is renal vascular dysfunction3–5. Studies
of patients and large animals with septic injury-induced renal dysfunction have shown signi�cantly
increased renal vascular resistance6,7, contributing to decreased renal blood �ow (RBF) in septic injury7–9.
This reduction of RBF has been con�rmed in sepsis patients with kidney injury using different techniques
including renal doppler, thermodilution and phase contrast magnetic resonance imaging10,11. Regional
ischemia and hypoxia caused by insu�cient renal tissue perfusion can result in impaired glomerular
�ltration coupled with tubular epithelial cell death, leading to renal dysfunction12–14.

Mechanisms responsible for renal tissue hypoperfusion in septic injury have not yet been fully elucidated.
Protein palmitoylation, the covalent attachment of a 16-carbon palmitic acid to the cysteine residue(s) of
a protein, has recently been recognized as a novel regulator of vascular function15,16. The attached
palmitate increases the hydrophobicity of the modi�ed proteins in blood vessels and affects their
localization, stability, and conformation, thereby regulating many aspects of vascular function at
posttranslational level17–19. This reversible modi�cation is catalyzed by a family of palmitoyl
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acyltransferases (PATs) containing the Asp-His-His-Cys (DHHC) motif 20,21. So far, 23 PAT-DHHCs have
been identi�ed in humans21. Recent studies have reported the involvement of PAT-DHHCs in
hemodynamic regulation, peripheral arterial disease, and in�ammation-induced vascular injury15,16,22;
however, there is lack of information regarding the roles of PATs in regulating renal vascular function in
septic injury.

PAT-DHHC21, unlike the majority of other DHHCs, is expressed on the plasma membrane, making it
possible for DHHC21 to regulate the activities of cell surface receptors in blood vessels18,23. Our previous
�ndings indicate that DHHC21 functional de�ciency demonstrates survival bene�ts in animals with
septic injury22. Moreover, a recent study shows that DHHC21 regulates vascular tone through the
palmitoylation of vascular α1-adrenergic receptor (α1AR), a seven-transmembrane G protein-coupled
receptor (GPCR) that induces smooth muscle contraction15. Increased release of endogenous α1AR
agonist norepinephrine has been reported in patients with septic injury, contributing to intrarenal
vasoconstriction and tissue hypoperfusion24. Norepinephrine is also used as the �rst-line vasopressor to
treat septic shock, which could further augment regional ischemia in kidneys12,25. Therefore, in this study,
we utilized DHHC21-de�cient (Zdhhc21dep/dep) mice and tested the hypothesis that DHHC21 contributes
to renal dysfunction and tissue damage in septic injury via promoting α1AR palmitoylation-dependent
renal vasoconstriction and tissue hypoperfusion. Our �ndings indicated that Zdhhc21dep/dep mice were
more resistant to septic injury-induced renal dysfunction and structural damage. DHHC21 loss-of-
function improved renal perfusion and RBF through inhibiting palmitoylation of α1AR and its ability to
mediate renal vasoconstriction. Thus, we suggest DHHC21 as a novel mediator of septic injury-induced
renal dysfunction via mechanisms involving α1AR palmitoylation and α1AR activation-associated renal
tissue hypoperfusion.

Results

DHHC21 loss-of-function reduces renal dysfunction in
septic injury
Zdhhc21dep/dep mice were employed to investigate the role of PAT-DHHC21 in renal dysfunction during
septic injury. DHHC21 functional de�ciency in Zdhhc21dep/dep mice is due to a 3bp deletion in exon 7 of
Zdhhc21 gene, resulting in the loss of a single amino acid phenylalanine (F) at position 23326. Detailed
information about the genotype and phenotype of Zdhhc21dep/dep mice is presented in Supplementary
Fig. 1. We compared renal excretion between WT and Zdhhc21dep/dep mice using a novel and minimally
invasive imaging technique, multispectral optoacoustic tomography (MSOT). MSOT relies on the
photoacoustic effect and detects the ultrasound signals produced by the thermal expansion of
tissues/molecules when excited by near-infrared (NIR, 680-950nm) laser pulses27. NIR dye IRDye800CW,
which is exclusively excreted by the kidneys28,29, was injected intravenously 24 hours after sham
procedure and CLP-induced septic injury. As shown in Fig. 1, real-time recording of IRDye800CW
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clearance showed that IRDye800CW �rst appeared at the renal cortex region, then moved towards the
medulla-pelvis region before being rapidly excreted by the kidneys. The time interval between the peak
intensity of the cortex and medulla-pelvis region (Tmax-delay) was determined based on the clearance
kinetics of IRDye800CW as shown in Fig. 2a. Greater Tmax-delay indicates that IRDye800CW takes longer
to transit from cortex to medulla-pelvis region, suggesting impaired renal excretion30. DHHC21 loss-of-
function showed no signi�cant effect on renal excretion in sham controls; however, septic injury-induced
increase in Tmax-delay was greatly inhibited in Zdhhc21dep/dep mice (Fig. 2b).
Dhhc21 Functional De�ciency Attenuates Septic Injury-induced Renal Damage

We then performed Periodic Acid-Schiff staining to visualize kidney structural damage in WT and
Zdhhc21dep/dep mice after CLP. As shown in Fig. 3a, septic injury led to severe renal tissue damage,
including glomerular abnormality, loss of brush border in proximal tubule, vacuolation of tubule
epithelium, tubular cell detachment/necrosis, and neutrophil in�ltration; however, these morphological
alterations were attenuated in Zdhhc21dep/dep mice. Quantitative analysis showed that septic injury
resulted in signi�cantly increased renal injury score, which was greatly inhibited by DHHC21 loss-of-
function (Fig. 3b). The levels of circulating creatinine and blood urea nitrogen (BUN) were also measured
as indicators of renal dysfunction. Consistent with the histology results, septic injury signi�cantly up-
regulated plasma levels of creatinine and BUN in WT mice; however, these changes were ameliorated in
Zdhhc21dep/dep mice (Fig. 3c-d).

We also compared the levels of circulating cytokines in WT and Zdhhc21dep/dep mice after sham and
septic injury. Cytokine array analysis revealed that CLP led to an increased production of cytokines such
as interleukin-1 (IL-1), IL-6, and TNF-α in both WT and Zdhhc21dep/dep mice; yet, there was no remarkable
differences in cytokine pro�les between the two mouse strains after CLP (Supplementary Fig. 2). These
data indicate that the protective effects of DHHC21 functional de�ciency on kidney function during septic
injury are not due to inhibiting the production of pro-in�ammatory cytokines.

DHHC21 functional de�ciency prevents the reduction of kidney perfusion and oxygen saturation during
septic injury

Given the fact that renal tissue hypoperfusion is a major cause of renal dysfunction during septic injury,
we compared kidney perfusion between WT and Zdhhc21dep/dep mice after septic injury using MSOT.
Detecting intrinsic NIR light absorbing hemoglobin via MSOT has been reported to be a reliable technique
to measure organ perfusion in many studies31,32. As shown in Fig. 4a-b, the intensity of total hemoglobin
was signi�cantly decreased in kidneys of WT mice after CLP compared to sham controls. This reduction
was greatly attenuated by DHHC21 functional de�ciency, suggesting better-preserved renal perfusion in
Zdhhc21dep/dep mice after septic injury. Next, we differentiated oxygenated and deoxygenated
hemoglobin based on their distinctive spectra and calculated the oxygen saturation of the renal tissue.
After 24 hours of CLP, WT mice displayed remarkably less oxygenated hemoglobin but greater
deoxygenated hemoglobin in kidneys than sham-operated mice, whereas these responses were



Page 5/26

ameliorated in Zdhhc21dep/dep mice (Fig. 4c). Consistently, quantitative data in Fig. 4d indicated that
Zdhhc21dep/dep mice were more resistant to septic injury-induced decrease in renal oxygen saturation.

Zdhhc21dep/depmice exhibit better-preserved RBF after septic injury

Next, we examined the functional impact of DHHC21 on RBF during septic injury. The levels of RBF of WT
and Zdhhc21dep/dep mice were compared using transonic �owmeter 24 hours after CLP. Our results
indicated that the RBF in WT mice was greatly reduced after septic injury; this reduction was signi�cantly
blunted by DHHC21 functional de�ciency (Fig. 5a, c). We also monitored the changes in mean arterial
pressure (MAP) during septic injury. As shown in Fig. 5b and d, septic injury caused a drastic decrease in
MAP in WT mice; yet, no signi�cant difference in MAP was found between WT and Zdhhc21dep/dep mice
after septic injury. These data indicate that the improved RBF in Zdhhc21dep/dep mice is not secondary to
systemic blood pressure changes.

DHHC21 functional de�ciency decreases α1AR palmitoylation and inhibits α1AR-mediated signaling
pathway activation and vasoconstriction

To investigate the mechanism by which DHHC21 regulates RBF and renal tissue perfusion, we
determined the roles of DHHC21 in α1AR palmitoylation and function. Both DHHC21 and α1AR are
localized in the plasma membrane, which allows DHHC21 to dynamically interact with α1AR. Moreover,
α1AR has previously been reported to co-immunoprecipitate with DHHC21, indicating their direct binding
interaction15. We compared the levels of α1AR palmitoylation in renal arteries of WT and Zdhhc21dep/dep

mice after CLP, using resin-assisted capture (RAC, Supplementary Fig. 3). As illustrated in Fig. 6a, septic
injury resulted in a dramatic increase in α1AR palmitoylation in renal arteries of WT mice, which was
signi�cantly reduced in Zdhhc21dep/dep mice. Furthermore, we assessed the phosphorylation of
extracellular signal-regulated kinase (ERK), a downstream signaling event of α1AR activation, in renal
arteries of WT and Zdhhc21dep/dep mice after septic injury. The level of phosphorylated ERK was
signi�cantly increased by CLP in renal arteries of WT mice; this response was diminished by DHHC21
loss-of-function (Fig. 6b).

In an effort to further evaluate the functional impacts of DHHC21 on α1AR-mediated vasoconstriction, we
isolated renal arteries from WT and Zdhhc21dep/dep mice and challenged the vessels with phenylephrine,
an α1AR agonist. Our wire myograph data showed no signi�cant difference in the high potassium (60
mM)-induced vasoconstrictions between WT renal arteries and Zdhhc21dep/dep renal arteries
(Supplementary Fig. 4a); yet renal arteries isolated from Zdhhc21dep/dep mice displayed a signi�cant
reduction in phenylephrine-induced vasoconstriction compared to those of WT mice (Fig. 6c-d). These
results suggest the critical role of DHHC21-mediated α1AR palmitoylation in α1AR signaling activation
and α1AR-mediated vasoconstriction.

Consistent �ndings were observed in small arteries isolated from viable human kidneys. Our
immuno�uorescence images showed evidence for co-localization of DHHC21 and α1AR in human renal
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arteries (Fig. 7a). PAT inhibitor 2-bromopalmitate (2-BP) was applied to block the function of DHHC21 in
small arteries isolated from human kidneys. 2-BP treatment showed no effects on high potassium-
induced vasoconstriction (Supplementary Fig. 4b); however, 2-BP-treated small arteries displayed blunted
constriction responses to phenylephrine compared to vehicle-treated ones (Fig. 7b). Collectivity, the above
�ndings demonstrated that DHHC21 contributes to impaired renal perfusion and function during septic
injury via promoting α1AR palmitoylation and α1AR-mediated renal vasoconstriction.

Discussion
In the present work, we report DHHC21 as a novel regulator of renal perfusion and function during septic
injury. Our new �ndings indicate: 1) Zdhhc21dep/dep mice exhibit better renal function and less renal
damage after septic injury compared to WT mice; 2) DHHC21 functional de�ciency preserves renal tissue
perfusion, oxygen saturation, and RBF in septic injury; 3) DHHC21-catalyzed α1AR palmitoylation is
required for the activation of α1AR signaling pathway and α1AR-induced constriction of renal arteries.
This study provides a new mechanistic insight into the regulation of renal perfusion and function during
septic injury. We suggest that DHHC21 functional de�ciency confers protective effects on kidney function
in septic injury and that inhibition of DHHC21 may serve as a therapeutic strategy to combat renal
dysfunction during septic injury.

Renal tissue hypoperfusion/hypoxia is one of the leading causes of renal dysfunction during septic
injury3–5. We detected renal hypoperfusion in mice after CLP, evidenced by weakened MSOT signal
intensity of total hemoglobin, decreased oxygen saturation in renal tissue, and reduced RBF after septic
injury. Consistent with our �ndings, the reduction in RBF has been observed in sepsis patients with kidney
injury as well as in large-animal models of septic injury7,10,11. It is worth noting that several studies report
that renal dysfunction can develop in sepsis animals with unchanged or even increased RBF33,34. These
discrepant �ndings may be attributed to different animal models and methods used to measure blood
�ow. For instance, while CLP-induced polymicrobial septic injury has been commonly used, some studies
use intravenous injection of Escherichia coli35.

Protein palmitoylation has recently been reported as a novel regulator of protein function, involved in the
pathogenesis and progression of many diseases. It was �rst identi�ed as a new type of post-translational
modi�cation by Schmidt et. al in 1979 36,37. The discovery of the DHHC family had since promoted the
rapid expansion of this �eld38,39. The roles of palmitoylation and PATs have been reported in numerous
physiological and pathological conditions, including lipid metabolism, cancer, cardiovascular diseases,
and neurological disorders23,40,41. Although the involvement of palmitoylation in polycystic kidney
disease and kidney cancer has been previously reported23,42, there have been very limited studies
examining the functional role of PATs in kidney diseases, speci�cally in renal dysfunction during septic
injury. To the best of our knowledge, we are the �rst to investigate the role of DHHC21 in renal
dysfunction in septic injury. Our �ndings indicate that the inhibition of DHHC21 greatly rescues kidney
function and preserves kidney structure in septic injury.
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Our study utilizing Zdhhc21dep/dep mice demonstrates that the bene�cial effects of DHHC21 functional
de�ciency on kidney function is attributed to its ability to improve renal tissue perfusion during septic
injury. Under basal conditions, Zdhhc21dep/dep mice show no signs of salt/water imbalance or renal
structural/functional damage15. Yet, DHHC21 loss-of-function suppresses the septic injury-induced
reduction of RBF, renal perfusion, and renal oxygen saturation. Increased renal vascular resistance
caused by excessive renal vasoconstriction is considered as a major reason for impaired renal tissue
perfusion in septic injury6,9,33. Our results indicate the involvement of α1AR in mediating septic injury-
induced renal tissue hypoperfusion, as evidenced by the increase in α1AR palmitoylation and the
activation of α1AR signaling pathway in septic injury. However, DHHC21 functional de�ciency inhibits
α1AR palmitoylation and results in a blunted ability of α1AR to activate its downstream effector and to
mediate phenylephrine-induced vasoconstriction in renal arteries.

The molecular mechanism underlying the regulation of α1AR function by DHHC21 still remains to be fully
elucidated. The defect in α1AR function caused by DHHC21 loss-of-function may be attributed to the
conformational change of α1AR. Many GPCRs rely on palmitoylation for their appropriate intracellular
conformation. The attached palmitate in the C-terminal tails of GPCRs inserts into the plasma membrane
to create the fourth intracellular loop, which is essential for the interaction of GPCRs with their partner
proteins and the propagation of GPCR signals17,43. Previous study has indicated that the palmitoylation
of α1bAR also occurs in its C-terminal region44. Therefore, the lack of DHHC21-mediated α1AR
palmitoylation may alter the intracellular conformation of α1AR, thus blocking the propagation of α1AR
signals. This can be supported by our results showing that the activation of ERK, a downstream signaling
event of α1AR activation, is inhibited in Zdhhc21dep/dep mice subjected to septic injury. However, the
DHHC21-regulated topology of α1AR carboxyl terminal needs to be further con�rmed using X-ray
crystallography.

Another novel aspect of our study is the utilization of MSOT to evaluate kidney perfusion and function
during septic injury. MSOT has been reported as a label-free method to measure the perfusion of different
organs and a reliable imaging technique to determine kidney function28,32,45. Compared to Doppler
�owmeter which does not allow visualization of microvasculature45, MSOT generates images with high
spatial resolution at 150 µm while providing quantitative assessment of the perfusion status in the
kidney microvasculature. The water-soluble IRDye800CW is a safe tracer to use for measuring renal
clearance, and it does not induce toxicity at the dose as high as 20 mg/kg46. The two-phase movement of
IRDye800CW we observed is consistent with previously published studies29. Our MSOT recordings
indicate a greater Tmax-delay in sepsis kidneys, suggesting impaired renal clearance. A nephropathy
study demonstrates that the impaired renal function detected by MSOT is signi�cantly correlated with
glomerular histological damage30. Our data, consistent with previous publications, suggest that MSOT is
a minimally-invasive and reliable technique to monitor renal perfusion and function.

Currently, there are no DHHC21-speci�c inhibitors available. The most commonly used PAT inhibitor is 2-
BP which has a broad effect on multiple DHHCs and also interfere with fatty acid metabolism47. Thus,
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developing small molecule inhibitors that speci�cally target DHHC21 would be a promising direction. It is
also worth pointing out that α1AR is not the only substrate of DHHC21. Several other DHHC21 substrates
have recently been identi�ed, including platelet endothelial cell adhesion molecule (PECAM-1), estrogen
receptor, caveolin-1, endothelial nitric oxide synthase (eNOS), Fyn, superoxide dismutase (SOD-1), and
PLCβ122,41,48,49. While beyond the scope of the present study, we cannot rule out the possibility that these
substrates may also affect renal function during septic injury.

In conclusion, the present study demonstrates for the �rst time that DHHC21 plays a critical role in
regulating renal perfusion during septic injury via mechanism involving α1AR palmitoylation and α1AR-
mediated vasoconstriction. Furthermore, inhibition of DHHC21 exerts protective effects on renal function
during septic injury.

Materials And Methods
Reagents

All reagents are listed in Supplementary Table S1.

Animals

Zdhhc21dep/dep mice and their wild-type control mice (B6C3Fe) were purchased from Jackson Laboratory.
The genotype of Zdhhc21dep/dep mice was con�rmed by sequencing (Genewiz, Inc., NJ, USA). Primers
used for sequencing were: AGCTGACTGAAGGGCACC (forward) and AAAACCTGTAACGCATTTCCA
(reverse)22. Animals were maintained under a 12/12-hour light/dark cycle with free access to food and
water. Mice (16-20 weeks) of both genders were used for this study. All animal experiments are approved
by the University of South Florida Institutional Animal Care and Use Committee and conform to the NIH
Guide for the Care and Use of Laboratory Animals. The study was carried out in compliance with the
ARRIVE guidelines.

Cecal Ligation and Puncture

Mice were anesthetized with iso�urane (3% induction and 1% maintenance). A midline incision was made
in the shaved abdominal region, and the cecum was exteriorized, tightly ligated at 5 mm below the
ileocecal valve, and perforated twice with a 20-gauge needle distal to the point of ligation. One mm of
feces was extruded from each puncture hole. The cecum was then repositioned, and the abdomen was
closed in two layers. 37°C Lactated Ringer solution was applied topically to prevent the cecum from
drying. Mice were then given 37°C 0.9% saline subcutaneously for �uid resuscitation. A preoperative 0.5-
1.5 mg/kg dose of Buprenorphine Sustained-Release was given for analgesia. Sham mice were subjected
to the same surgical procedure but without cecal ligation and puncture50,51.

Multispectral Optoacoustic Tomography
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Assessment of Renal Excretion of IRDye800CW: Mice were anesthetized via iso�urane and depilated
around the torso region. Mice were imaged using iThera Medical MSOT Imaging System (Munich,
Germany) at multiple wavelengths: 700, 730, 760, 775, 785, 800, 850 nm at a rate of 10 frames/second29.
Mice were placed in a supine position in a holder and moved along the horizontal linear stage to position
the kidneys on top of the �x-positioned concave transducer. After baseline recording, 60 nmol of
IRDye800CW dissolved in 100 μL of 0.9% saline was injected intravenously over a period of 10 seconds.
Images were reconstructed using the back-projection formula and processed with multispectral analysis.
Regions of interest (ROIs) were drawn around the renal cortex and medulla/pelvis region, and the
temporal changes of MSOT signal in ROIs were depicted. 

Measurement of Renal Perfusion: Mice were prepared for MSOT imaging utilizing the same procedures
mentioned above. Mouse respiration was closely monitored throughout the entire procedure. Images were
reconstructed and the spectral unmixing was performed. ROIs were drawn around the entire right kidney
region. Mean pixel intensities of oxygenated hemoglobin (HbO2) and deoxygenated hemoglobin (Hb)
were acquired. Total hemoglobin (HbT=HbO2+Hb) and oxygen saturation (SO2=HbO2 /HbT) were then

calculated52.

Kidney Histopathology

Kidneys were �xed, cut along the sagittal plane, and processed for para�n-embedding. Sections (5 μm)
were de-para�nized, rehydrated, and oxidized with periodic acid for 8 minutes at room temperature (RT),
followed by incubation with Schiff’s solution for 25 minutes. Sections were then counterstained with
hematoxylin. Images were captured using Keyence BZ-X710 (Itasca, IL, USA). Renal structural damage
was evaluated based on the following features: glomerular abnormality, loss of brush border of proximal
tubule, vacuolation, dilation of tubule epithelium, tubular cell detachment/necrosis, and neutrophil
in�ltration53. Each feature was graded on a scale of 0-5 based on the severity.

Measurement of Creatinine and Blood Urea Nitrogen

Mouse blood was collected via cardiac puncture 24 hours after septic injury. Plasma was generated by
centrifuging the blood at 2500 g for 15 minutes at RT. Measurement of creatinine: plasma was
deproteinized using 10-kDa Spin Column; the levels of creatinine in the �ltrate were then measured using
a Creatinine Assay Kit. The level of blood urea nitrogen (BUN) was determined using a Urea Nitrogen
Colorimetric Detection Kit following manufacturer’s instructions.

Measurement of RBF and MAP

Mice were anesthetized using iso�urane. The blood pressure transducer was cannulated into the carotid
artery. A midline incision was made in the abdominal area followed by a left transverse incision to expose
the renal artery. RBF was measured using an ultrasound transit-time �owmeter (TS-420; Transonic
Systems Inc., Ithaca, NY). After placing the �ow probe around the exposed renal artery, mice were allowed
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to be stabilized for at least 30 minutes. RBF and MAP were recorded simultaneously using PowerLab (AD
Instruments, Colorado Springs, CO). Data was analyzed using LabChart Pro version 7 software54,55.

Resin-Assisted Capture

Renal arteries were collected and lysed in lysis buffer (100 mM HEPES, 25 mM NaCl, 1 mM EDTA, 10 μM
palmostatin B, protease inhibitors, pH 7.4)22,56. Tissue lysates were incubated with blocking buffer (100 
mM HEPES, 1 mM EDTA, 2.5% SDS, 6 μl/ml MMTS, pH 7.4) at 50 °C for 30 minutes with constant
vortexing. After precipitating with cold acetone, proteins were pelleted by centrifugation at 5,000 g for 30
minutes and washed �ve times with 70% cold acetone. Protein pellets were resuspended in binding buffer
(100 mM HEPES, 1.0% SDS, 1 mM EDTA, pH 7.4). Protein concentration was determined and normalized
among groups. Each protein sample was divided into two equal parts which each received the same
amount of thiopropyl sepharose 6B beads. Hydroxylamine (0.2 M, pH=7.4) and NaCl (0.2 M) were added
into each part, respectively. After 4 hours of incubation at RT with constant rotation, palmitoylated
proteins were eluted with 50 mM DTT in 1×Sample Buffer and collected for SDS-PAGE.

Western Blotting

Measurement of palmitoylated α1AR: Samples collected from RAC were loaded on a 4–20% Tris-Glycine
gel and transferred onto a nitrocellulose membrane after electrophoresis. After blocking for 1 hour at RT,
α1AR was probed with rabbit anti-α1AR primary antibody (1:500) overnight at 4°C. After washing three
times with TBST, the membrane was incubated with IRDye800CW donkey anti-rabbit secondary antibody
(1:20000) for 45 minutes at RT.

Measurement of ERK phosphorylation: Renal arteries were lysed in 1×RIPA containing protease and
phosphatase inhibitors. Membrane was probed with rabbit anti-ERK (1:1000) and mouse anti-
phosphorylated ERK (1:1000) antibodies. IRDye800CW donkey anti-mouse and IRDye680RD donkey anti-
rabbit antibodies were used for secondary incubation (1:20000). The membranes were imaged and
analyzed using Li-COR Odyssey CLx.

Assessment of Vasoreactivity via Wire Myograph

Mouse renal arteries: Renal arteries (250-350 μm in diameter) were isolated from WT and Zdhhc21dep/dep

mice and submerged into ice-cold oxygenized (95% O2/5% CO2) physiological saline solution (PSS, 130
mM NaCl, 4.7 mM KCl, 1.18 mM KH2PO4, 1.17 mM MgSO4•7H2O, 14.9 mM NaHCO3, 5.5 mM glucose,
0.026 mM EDTA, and 1.6 mM CaCl2, pH=7.4). Vessel segments (~2 mm long) were mounted onto the
wire myograph chamber (Living Systems Instrumentation, VT, USA) between two tungsten wires (30 μm
in diameter). The isometric tension was recorded using Living Systems signal conditioner (MYO-SC-1)
coupled with LabScribe v4 iWorks software. After equilibrating for 30 minutes at 37°C in PSS, the
normalization procedure was performed to determine optimal internal circumference L1=0.9× L100 (L100 =
internal circumference that corresponds to transmural pressure of 100 mm Hg). Next, the vessel viability
was tested with 60 mM KPSS (74.7 mM NaCl, 60 mM KCl, 1.18 mM KH2PO4, 1.17 mM MgSO4•7H2O, 14.9
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mM NaHCO3, 5.5 mM glucose, 0.026 mM EDTA, 1.6 mM CaCl2, pH=7.4). Arteries that did not respond to
KPSS were discarded. The arteries were treated with increasing concentrations of phenylephrine (10 nM-
30 μM). Endothelial integrity was then assessed using acetylcholine (10 μM). The concentration-response
curves were constructed.

Small arteries from human kidneys

Small arteries (~1000 μm in diameter) were dissected from intact viable human kidneys that were
rejected for transplant surgery. Vessel segments (~2 mm long) were mounted onto the L-bars (250 μm in
diameter) of wire myograph chamber. Similar equilibration and normalization procedures were performed
on human arteries. Next, the arteries were incubated with vehicle control (0.02% DMSO in PSS) for 1 hour.
The vessels were then tested for viability with 60 mM KPSS and treated with increasing concentrations of
phenylephrine (10 nM-30 μM). After washing off, the vessels were incubated with 2-BP (100 μM) for 1
hour; the vessel viability was then tested again with 60 mM KPSS with 100 μM 2-BP. The small arteries
with no or reduced responses to KPSS were discarded. The arteries were then challenged with the same
concentrations of phenylephrine followed by acetylcholine (10 μM). The concentration-response curves
of vehicle control- or 2-BP-treated arteries were constructed and compared.

Immuno�uorescence

Human renal arteries were �xed in 10% formalin for 48 hours, para�n-embedded and sectioned. Slides
were then depara�nized, rehydrated and permeabilized with PBS containing 0.05% Triton X-10022. After
blocking, slides were labelled with rabbit anti-DHHC21 and goat anti-α1AR antibodies (1:100) overnight at
4 °C. After washing, secondary antibody incubation was done with donkey anti-rabbit Alexa Fluor 488 and
donkey anti-goat Alexa Fluor 568 (1:500). After mounting with ProLong Diamond mounting medium with
DAPI, slides were imaged with Leica SP8 spectral inverted laser scanning confocal microscope.

Statistical Analysis

Detailed information (e.g. the name of the test, post-hoc test, n value, alpha level, p value) for each
statistical test is listed in Supplementary Table S2. All data meet the normal distribution assumption.
Normality test was performed using Shapiro-Wilk Test with alpha level set at 0.05. Comparisons between
two groups were analyzed using Student’s t-test (two-tailed), and three groups or more were compared via
One-way ANOVA with Tukey post-hoc analysis. The comparison for wire myograph curves was performed
using Two-way ANOVA. p<0.05 was used for statistical signi�cance. All statistical analyses were
performed using GraphPad Prism 7.0d (San Diego, CA).

Declarations
Acknowledgement



Page 12/26

We would like to thank LifeLink Foundation for providing non-transplantable human kidneys for
translational research.

Sources of funding

This work was supported by NIH grants R35 HL150732 (to S.Y.Y), R01 GM097270 (to S.Y.Y), American
Heart Association 18UFEL33960365 (to J.W.B) and Shock Society Faculty Research Award (to X.Y)

Author Contributions

X.Y. performed, analyzed, interpreted the experiments, and drafted the manuscript. E.Z. assisted with
most of the experiments. Y.M., V.C., N.V., E.Z., and S.Y.Y. edited and revised the manuscript. N.V. and J.W.B.
participated in wire myograph analysis. R.L. participated in RBF and MAP measurement. S.Y.Y. initiated,
directed, and sponsored the work throughout all levels of development. All authors approved it for
publication.

Competing Interests
The authors declare no competing interests.

Data Availability

The datasets generated and/or analyzed during the current study are available from the corresponding
author on reasonable request.

References
1. Case, J., Khan, S., Khalid, R. & Khan, A. Epidemiology of acute kidney injury in the intensive care unit.

Crit Care Res Pract 2013, 479730, doi:10.1155/2013/479730 (2013).

2. Godin, M., Murray, P. & Mehta, R. L. Clinical approach to the patient with AKI and sepsis. Semin
Nephrol.35, 12–22 https://doi.org/10.1016/j.semnephrol.2015.01.003 (2015).

3. Doi, K. Role of kidney injury in sepsis. J Intensive Care.4, 17 https://doi.org/10.1186/s40560-016-
0146-3 (2016).

4. Zarjou, A. & Agarwal, A. Sepsis and acute kidney injury. J Am Soc Nephrol.22, 999–1006
https://doi.org/10.1681/ASN.2010050484 (2011).

5. Ronco, C., Kellum, J. A., Bellomo, R. & House, A. A. Potential interventions in sepsis-related acute
kidney injury. Clin J Am Soc Nephrol.3, 531–544 https://doi.org/10.2215/CJN.03830907 (2008).

�. Lerolle, N. et al. Renal failure in septic shock: predictive value of Doppler-based renal arterial resistive
index. Intensive Care Med.32, 1553–1559 https://doi.org/10.1007/s00134-006-0360-x (2006).

7. Benes, J. et al. Searching for mechanisms that matter in early septic acute kidney injury: an
experimental study. Crit Care.15, R256 https://doi.org/10.1186/cc10517 (2011).



Page 13/26

�. Peerapornratana, S., Manrique-Caballero, C. L., Gomez, H. & Kellum, J. A. Acute kidney injury from
sepsis: current concepts, epidemiology, pathophysiology, prevention and treatment. Kidney Int.96,
1083–1099 https://doi.org/10.1016/j.kint.2019.05.026 (2019).

9. Post, E. H., Kellum, J. A., Bellomo, R. & Vincent, J. L. Renal perfusion in sepsis: from macro- to
microcirculation. Kidney Int.91, 45–60 https://doi.org/10.1016/j.kint.2016.07.032 (2017).

10. Poston, J. T. & Koyner, J. L. Sepsis associated acute kidney injury. BMJ.364, k4891
https://doi.org/10.1136/bmj.k4891 (2019).

11. Prowle, J. R., Molan, M. P., Hornsey, E. & Bellomo, R. Measurement of renal blood �ow by phase-
contrast magnetic resonance imaging during septic acute kidney injury: a pilot investigation. Crit
Care Med.40, 1768–1776 https://doi.org/10.1097/CCM.0b013e318246bd85 (2012).

12. Lankadeva, Y. R. et al. Intrarenal and urinary oxygenation during norepinephrine resuscitation in
ovine septic acute kidney injury. Kidney Int.90, 100–108 https://doi.org/10.1016/j.kint.2016.02.017
(2016).

13. Ma, S. et al. Sepsis-induced acute kidney injury: A disease of the microcirculation.
Microcirculation.26, e12483 https://doi.org/10.1111/micc.12483 (2019).

14. Iguchi, N. et al. Furosemide reverses medullary tissue hypoxia in ovine septic acute kidney injury. Am
J Physiol Regul Integr Comp Physiol.317, R232–R239 https://doi.org/10.1152/ajpregu.00371.2018
(2019).

15. Marin, E. P. et al. The Protein Acyl Transferase ZDHHC21 Modulates alpha1 Adrenergic Receptor
Function and Regulates Hemodynamics. Arterioscler Thromb Vasc Biol.36, 370–379
https://doi.org/10.1161/ATVBAHA.115.306942 (2016).

1�. Wei, X. et al. Endothelial Palmitoylation Cycling Coordinates Vessel Remodeling in Peripheral Artery
Disease. Circ Res.127, 249–265 https://doi.org/10.1161/CIRCRESAHA.120.316752 (2020).

17. Goddard, A. D. & Watts, A. Regulation of G protein-coupled receptors by palmitoylation and
cholesterol. BMC Biol.10, 27 https://doi.org/10.1186/1741-7007-10-27 (2012).

1�. Akimzhanov, A. M. & Boehning, D. Rapid and transient palmitoylation of the tyrosine kinase Lck
mediates Fas signaling. Proc Natl Acad Sci U S A.112, 11876–11880
https://doi.org/10.1073/pnas.1509929112 (2015).

19. Li, Y., Martin, B. R., Cravatt, B. F. & Hofmann, S. L. DHHC5 protein palmitoylates �otillin-2 and is
rapidly degraded on induction of neuronal differentiation in cultured cells. J Biol Chem.287, 523–530
https://doi.org/10.1074/jbc.M111.306183 (2012).

20. Tabaczar, S., Czogalla, A., Podkalicka, J., Biernatowska, A. & Sikorski, A. F. Protein palmitoylation:
Palmitoyltransferases and their speci�city. Exp Biol Med (Maywood).242, 1150–1157
https://doi.org/10.1177/1535370217707732 (2017).

21. Ohno, Y., Kihara, A., Sano, T. & Igarashi, Y. Intracellular localization and tissue-speci�c distribution of
human and yeast DHHC cysteine-rich domain-containing proteins. Biochim Biophys Acta.1761, 474–
483 https://doi.org/10.1016/j.bbalip.2006.03.010 (2006).



Page 14/26

22. Beard, R. S. Jr. et al. Palmitoyl acyltransferase DHHC21 mediates endothelial dysfunction in
systemic in�ammatory response syndrome. Nat Commun.7, 12823
https://doi.org/10.1038/ncomms12823 (2016).

23. Ko, P. J. & Dixon, S. J. Protein palmitoylation and cancer. EMBO Rep.19,
https://doi.org/10.15252/embr.201846666 (2018).

24. Stolk, R. F. et al. Potentially Inadvertent Immunomodulation: Norepinephrine Use in Sepsis. Am J
Respir Crit Care Med.194, 550–558 https://doi.org/10.1164/rccm.201604-0862CP (2016).

25. Burban, M. et al. Renal macro- and microcirculation autoregulatory capacity during early sepsis and
norepinephrine infusion in rats. Crit Care.17, R139 https://doi.org/10.1186/cc12818 (2013).

2�. Mill, P. et al. Palmitoylation regulates epidermal homeostasis and hair follicle differentiation. PLoS
Genet.5, e1000748 https://doi.org/10.1371/journal.pgen.1000748 (2009).

27. Razansky, D., Buehler, A. & Ntziachristos, V. Volumetric real-time multispectral optoacoustic
tomography of biomarkers. Nat Protoc.6, 1121–1129 https://doi.org/10.1038/nprot.2011.351
(2011).

2�. Minhas, A. S. et al. Measuring Kidney Perfusion, pH, and Renal Clearance Consecutively Using MRI
and Multispectral Optoacoustic Tomography. Mol Imaging Biol.22, 494–503
https://doi.org/10.1007/s11307-019-01429-z (2020).

29. Taruttis, A., Morscher, S., Burton, N. C., Razansky, D. & Ntziachristos, V. Fast multispectral
optoacoustic tomography (MSOT) for dynamic imaging of pharmacokinetics and biodistribution in
multiple organs. PLoS One.7, e30491 https://doi.org/10.1371/journal.pone.0030491 (2012).

30. Scarfe, L. et al. Measures of kidney function by minimally invasive techniques correlate with
histological glomerular damage in SCID mice with adriamycin-induced nephropathy. Sci Rep.5,
13601 https://doi.org/10.1038/srep13601 (2015).

31. Masthoff, M. et al. Multispectral optoacoustic tomography of systemic sclerosis. J Biophotonics.11,
e201800155 https://doi.org/10.1002/jbio.201800155 (2018).

32. Knieling, F. et al. Multispectral Optoacoustic Tomography for Assessment of Crohn's Disease Activity.
N Engl J Med.376, 1292–1294 https://doi.org/10.1056/NEJMc1612455 (2017).

33. Zarbock, A., Gomez, H. & Kellum, J. A. Sepsis-induced acute kidney injury revisited: pathophysiology,
prevention and future therapies. Curr Opin Crit Care.20, 588–595
https://doi.org/10.1097/MCC.0000000000000153 (2014).

34. Chvojka, J. et al. Renal haemodynamic, microcirculatory, metabolic and histopathological responses
to peritonitis-induced septic shock in pigs. Crit Care.12, R164 https://doi.org/10.1186/cc7164 (2008).

35. Di Giantomasso, D., May, C. N. & Bellomo, R. Vital organ blood �ow during hyperdynamic sepsis.
Chest.124, 1053–1059 https://doi.org/10.1378/chest.124.3.1053 (2003).

3�. Schmidt, M. F., Bracha, M. & Schlesinger, M. J. Evidence for covalent attachment of fatty acids to
Sindbis virus glycoproteins. Proc Natl Acad Sci U S A.76, 1687–1691
https://doi.org/10.1073/pnas.76.4.1687 (1979).



Page 15/26

37. Schmidt, M. F. & Schlesinger, M. J. Fatty acid binding to vesicular stomatitis virus glycoprotein: a new
type of post-translational modi�cation of the viral glycoprotein. Cell.17, 813–819
https://doi.org/10.1016/0092-8674(79)90321-0 (1979).

3�. Roth, A. F., Feng, Y., Chen, L. & Davis, N. G. The yeast DHHC cysteine-rich domain protein Akr1p is a
palmitoyl transferase. J Cell Biol.159, 23–28 https://doi.org/10.1083/jcb.200206120 (2002).

39. Lobo, S., Greentree, W. K., Linder, M. E. & Deschenes, R. J. Identi�cation of a Ras palmitoyltransferase
in Saccharomyces cerevisiae. J Biol Chem.277, 41268–41273
https://doi.org/10.1074/jbc.M206573200 (2002).

40. Cho, E. & Park, M. Palmitoylation in Alzheimer's disease and other neurodegenerative diseases.
Pharmacol Res.111, 133–151 https://doi.org/10.1016/j.phrs.2016.06.008 (2016).

41. Marin, E. P., Derakhshan, B., Lam, T. T., Davalos, A. & Sessa, W. C. Endothelial cell palmitoylproteomic
identi�es novel lipid-modi�ed targets and potential substrates for protein acyl transferases. Circ
Res.110, 1336–1344 https://doi.org/10.1161/CIRCRESAHA.112.269514 (2012).

42. Roy, K. & Marin, E. P. Polycystin-1, the product of the polycystic kidney disease gene PKD1, is post-
translationally modi�ed by palmitoylation. Mol Biol Rep.45, 1515–1521
https://doi.org/10.1007/s11033-018-4224-6 (2018).

43. Yang, X., Chatterjee, V., Ma, Y., Zheng, E. & Yuan, S. Y. Protein Palmitoylation in Leukocyte Signaling
and Function. Front Cell Dev Biol.8, 600368 https://doi.org/10.3389/fcell.2020.600368 (2020).

44. Stevens, P. A., Pediani, J., Carrillo, J. J. & Milligan, G. Coordinated agonist regulation of receptor and
G protein palmitoylation and functional rescue of palmitoylation-de�cient mutants of the G protein
G11alpha following fusion to the alpha1b-adrenoreceptor: palmitoylation of G11alpha is not required
for interaction with beta*gamma complex. J Biol Chem.276, 35883–35890
https://doi.org/10.1074/jbc.M103816200 (2001).

45. Taruttis, A. et al. Optoacoustic Imaging of Human Vasculature: Feasibility by Using a Handheld
Probe. Radiology.281, 256–263 https://doi.org/10.1148/radiol.2016152160 (2016).

4�. Marshall, M. V., Draney, D., Sevick-Muraca, E. M. & Olive, D. M. Single-dose intravenous toxicity study
of IRDye 800CW in Sprague-Dawley rats. Mol Imaging Biol.12, 583–594
https://doi.org/10.1007/s11307-010-0317-x (2010).

47. Davda, D. et al. Pro�ling targets of the irreversible palmitoylation inhibitor 2-bromopalmitate. ACS
Chem Biol.8, 1912–1917 https://doi.org/10.1021/cb400380s (2013).

4�. Meitzen, J. et al. Palmitoylation of estrogen receptors is essential for neuronal membrane signaling.
Endocrinology.154, 4293–4304 https://doi.org/10.1210/en.2013-1172 (2013).

49. Tonn Eisinger, K. R. et al. Palmitoylation of caveolin-1 is regulated by the same DHHC
acyltransferases that modify steroid hormone receptors. J Biol Chem.293, 15901–15911
https://doi.org/10.1074/jbc.RA118.004167 (2018).

50. Yang, X., Meegan, J. E., Jannaway, M., Coleman, D. C. & Yuan, S. Y. A disintegrin and
metalloproteinase 15-mediated glycocalyx shedding contributes to vascular leakage during
in�ammation. Cardiovasc Res.114, 1752–1763 https://doi.org/10.1093/cvr/cvy167 (2018).



Page 16/26

51. Hubbard, W. J. et al. Cecal ligation and puncture. Shock.24 (Suppl 1), 52–57
https://doi.org/10.1097/01.shk.0000191414.94461.7e (2005).

52. Helfen, A. et al. Multispectral Optoacoustic Tomography: Intra- and Interobserver Variability Using a
Clinical Hybrid Approach. J Clin Med.8, https://doi.org/10.3390/jcm8010063 (2019).

53. Aslan, A. et al. Kidney histopathology in lethal human sepsis. Crit Care.22, 359
https://doi.org/10.1186/s13054-018-2287-3 (2018).

54. Wei, J. et al. High-Protein Diet-Induced Glomerular Hyper�ltration Is Dependent on Neuronal Nitric
Oxide Synthase beta in the Macula Densa via Tubuloglomerular Feedback Response.
Hypertension.74, 864–871 https://doi.org/10.1161/HYPERTENSIONAHA.119.13077 (2019).

55. Wei, J. et al. Aging Impairs Renal Autoregulation in Mice. Hypertension.75, 405–412
https://doi.org/10.1161/HYPERTENSIONAHA.119.13588 (2020).

5�. Forrester, M. T. et al. Site-speci�c analysis of protein S-acylation by resin-assisted capture. J Lipid
Res.52, 393–398 https://doi.org/10.1194/jlr.D011106 (2011).

Figures



Page 17/26

Figure 1

Representative MSOT images showing the clearance of IRDye800CW from mouse kidneys. IRDye800CW
(60 nM dissolved in 0.9% saline) was injected intravenously into WT mice 24 hours after sham operation.
The clearance/movement of IRDye800CW (green) in the cross section of the right kidney (white square)
was recorded. ROIs in cortex and medulla/pelvis region of the kidney are delineated in red and blue,
respectively. The green bar represents the scale for the mean pixel intensity of the IRDye800CW signal.
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Figure 2

Septic injury-induced delay in renal clearance of IRDye800CW is signi�cantly attenuated in Zdhhc21
dep/dep mice. a. Representative IRDye800CW clearance kinetics of the cortex (red) and medulla/pelvis
region (blue). Tmax-delay is the interval between the peaks of pixel intensity in cortex and medulla/pelvis
region. b. DHHC21 functional de�ciency attenuates septic injury-induced increase in Tmax-delay. Results
represent mean±SEM. n=7, * indicates p ≤ 0.05 versus WT+Sham, # indicates p ≤ 0.05 versus WT+CLP.
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Figure 3

Zdhhc21 dep/dep mice are resistant to septic injury-induced kidney damage. a. Representative images of
Periodic Acid-Schiff-stained renal tissue collected 24 hours after septic injury induction. Pathological
alterations are indicated by arrows with different colors: brush border loss (blue), tubular cell detachment
(red), neutrophil in�ltration (black). Images are representative of 5 mice. b. Mice with DHHC21 loss-of-
function display a reduced renal injury score than WT mice after septic injury. n=5 independent
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experiments; 5 views per animal were imaged and analyzed. c. The level of circulating creatinine. Mouse
plasma was collected 24 hours after CLP-induced septic injury. n=12. d. The level of blood urea nitrogen
24 hours after septic injury. n=11. Results represent mean±SEM. * indicates p ≤ 0.05 versus WT+Sham, #
indicates p ≤ 0.05 versus WT+CLP.

Figure 4
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DHHC21 functional de�ciency prevents the reduction of renal perfusion and renal oxygen saturation after
septic injury. a. Representative MSOT images showing the intensity of total hemoglobin in kidneys.
MSOT images are pseudo-colored with hot-color scale. b. Higher signal intensity of total hemoglobin is
observed in kidneys of Zdhhc21dep/dep mice than WT ones after septic injury. n=9 c. Reconstructed
MSOT images indicate the distribution of oxygenated hemoglobin (red) and deoxygenated hemoglobin
(blue) in kidney cross sections 24 hours after CLP induction. d. Zdhhc21dep/dep mice display higher
level of renal SO2 compared to WT mice after septic injury. ROIs are drawn around right kidneys. n=8.
Results represent mean±SEM. * indicates p ≤ 0.05 versus WT+Sham, # indicates p ≤ 0.05 versus
WT+CLP.
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Figure 5

DHHC21 loss-of-function attenuates septic injury-induced reduction in renal blood �ow. a-b.
Representative recordings of RBF (a) and MAP (b) in different groups 24 hours after septic injury. Images
are representative of 8 mice. c. The reduced RBF in WT mice upon septic injury is rescued in
Zdhhc21dep/dep mice. n=8 d. No signi�cant difference in MAP is observed between WT and
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Zdhhc21dep/dep mice upon septic injury. n=8. Results represent mean±SEM. * indicates p ≤ 0.05 versus
WT+Sham, # indicates p ≤ 0.05 versus WT+CLP.

Figure 6

DHHC21 catalyzes α1AR palmitoylation and contributes to α1AR-mediated signaling pathway activation
and vasoconstriction. a. The level of palmitoylated α1AR in renal arteries. Palmitoylated proteins were
isolated by RAC in the presence of hydroxylamine and then analyzed via immunoblotting for α1AR. Blots
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are representative of 8 independent experiments; renal arteries from 12 mice were pooled for each
independent immunoblot analysis. Band intensity is quanti�ed and normalized to control. Full-length
blots are presented in Supplementary Fig 5a. b. Septic injury-induced ERK activation is inhibited in
Zdhhc21dep/dep mice. The band intensity of phosphorylated ERK is normalized to that of total ERK. n
=9. * indicates p ≤ 0.05 versus WT+Sham, # indicates p ≤ 0.05 versus WT+CLP. Full-length blots are
presented in Supplementary Fig 5b. c. Representative myograph recordings of WT and Zdhhc21dep/dep
renal arteries. KPSS represents 60 mM potassium physiological saline solution; W represents wash. d.
Myograph results show that renal arteries of Zdhhc21dep/dep mice exhibit reduced tension compared to
those of WT mice upon phenylephrine challenge. Results represent mean±SEM. n=9 mice. One artery per
animal was used. * indicates p ≤ 0.05 versus WT.
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Figure 7

DHHC21 co-localizes with α1AR and palmitoylation regulates the constriction of small arteries isolated
from human kidneys. a. Co-localization of DHHC21 and α1AR in the cross-section of human renal
arteries. Representative images of renal arteries isolated from 3 donors. b. Inhibition of PATs with 2-BP
results in impaired α1AR-mediated vasoconstriction in small arteries isolated from human kidneys.
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Vehicle control or 2-BP (100 μM) was given 1 hour prior to phenylephrine challenge. Small arteries are
from 3 different donors. Results represent mean±SEM. * indicates p ≤ 0.05
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