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dAcsl, the Drosophila Ortholog of Acyl-CoA Synthetase
Long-Chain Family Member 3 and 4, Inhibits Synapse
Growth by Attenuating Bone Morphogenetic Protein
Signaling via Endocytic Recycling
AQ: au

Zhihua Liu,1* Yan Huang,1* Wen Hu,2 Sheng Huang,1 Qifu Wang,1 Junhai Han,2 and Yong Q. Zhang1
1

Key Laboratory for Molecular and Developmental Biology, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101,
China, and 2Institute of Life Science and the Key Laboratory of Developmental Genes and Human Disease, Southeast University, Nanjing 210009, China

AQ: A

Fatty acid metabolism plays an important role in brain development and function. Mutations in acyl-CoA synthetase long-chain family
member 4 (ACSL4), which converts long-chain fatty acids to acyl-CoAs, result in nonsyndromic X-linked mental retardation. ACSL4 is
highly expressed in the hippocampus, a structure critical for learning and memory. However, the underlying mechanism by which
mutations of ACSL4 lead to mental retardation remains poorly understood. We report here that dAcsl, the Drosophila ortholog of ACSL4
and ACSL3, inhibits synaptic growth by attenuating BMP signaling, a major growth-promoting pathway at neuromuscular junction
(NMJ) synapses. Specifically, dAcsl mutants exhibited NMJ overgrowth that was suppressed by reducing the doses of the BMP pathway
components, accompanied by increased levels of activated BMP receptor Thickveins (Tkv) and phosphorylated mothers against decapentaplegic (Mad), the effector of the BMP signaling at NMJ terminals. In addition, Rab11, a small GTPase involved in endosomal recycling,
was mislocalized in dAcsl mutant NMJs, and the membrane association of Rab11 was reduced in dAcsl mutant brains. Consistently, the
BMP receptor Tkv accumulated in early endosomes but reduced in recycling endosomes in dAcsl mutant NMJs. dAcsl was also required
for the recycling of photoreceptor rhodopsin in the eyes, implying a general role for dAcsl in regulating endocytic recycling of membrane
receptors. Importantly, expression of human ACSL4 rescued the endocytic trafficking and NMJ phenotypes of dAcsl mutants. Together,
our results reveal a novel mechanism whereby dAcsl facilitates Rab11-dependent receptor recycling and provide insights into the
pathogenesis of ACSL4-related mental retardation.
Key words: BMP signaling; Drosophila; mental retardation; neuromuscular junction; synapse; vesicle trafficking
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Mounting evidence shows that proteins involved in the synthesis
and turnover of fatty acids affect brain development and cognitive functions (Najmabadi et al., 2011). Mutations in acyl-CoA
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syndromic X-linked mental retardation (Meloni et al., 2002).
ACSL4 belongs to a family of enzymes that converts long-chain
fatty acids to acyl-CoA esters, which serve as important intermediates in lipid biosynthesis and fatty acid degradation (Li et al.,
2010) and is enriched in endoplasmic reticulum (ER) (Meloni et
al., 2009), the major site for lipid biosynthesis. dAcsl, the Drosophila
ortholog of ACSL3 and ACSL4, also localizes to ER (Zhang et al.,
2009; O’Sullivan et al., 2012). ACSL4 is highly expressed in the hippocampus, a structure critical for learning and memory (Cao et al.,
2000; Meloni et al., 2002), where it is required for dendritic spine
formation (Meloni et al., 2009). However, how ACSL4 regulates
neural development remains unknown.
Endocytic trafficking of membrane receptors plays an important regulatory role in signal transduction (Sorkin and von
Zastrow, 2009). After internalization and delivery to early endosomes, receptors can be sorted either to late endosomes and lysosomes for degradation, or back to the plasma membrane via
recycling endosomes for reuse. Distinct trafficking steps are orchestrated by specific GTPases (Stenmark, 2009). For example,
Rab11, which preferentially localizes to recycling endosomes,
plays an important role in protein recycling from endosomes
back to plasma membrane (Grant and Donaldson, 2009). ACSL4
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