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IN BRIEF

To Golgi and Beyond!
[OPEN]

The Golgi apparatus is the central sorting

station of the eukaryotic secretory path-

way.Proteinand lipidcargoesare received

at its cis face from the endoplasmic re-

ticulum (ER) and may undergo various

modifications including glycosylation be-

fore being trafficked onward from the

trans face to their final cellular destination.

In addition, the Golgi serves as a major

organelle in the synthesis of cell wall poly-

saccharides (pectin and hemicellulose).

The organelle itself consists of a series of

stackedcisternae that are bothstructurally

and functionally distinct. Such modular

organization increases the efficiency of

both complex molecule biosynthesis and

secretion (Nakamura et al., 2012). How-

ever, little is known about the underlying

spatial partitioning of Golgi-resident pro-

teins between the cis, medial, or trans

cisternae, nor the key sequence charac-

teristics that determine such intra-Golgi

localization.

A new study by Parsons et al. (2019)

exploits the innate gradient of increas-

ingly negative surface charge that exists

from the ER and across the Golgi by

employing free-flow electrophoresis

(FFE) to separate Golgi subcompart-

ments in Arabidopsis (Arabidopsis thali-

ana) suspension-culture cells (Islinger

et al., 2010). This high-resolution frac-

tionation was subsequently coupled

with high-throughput shotgun proteo-

mics to obtain a detailed characteriza-

tion of the ER and Golgi subproteomes

(see figure). Robust hierarchical cluster-

ing of the identified proteins according

to their FFE fractional abundance en-

abled their classification into eight dis-

tinct organelle-specific clusters.

The discrete separation of the Golgi

cisternae by FFE was validated by both

super-resolution fluorescence imaging

of selected cis-, medial-, and trans-Golgi

candidate proteins as well as in situ

immunogold labeling of glycan epitopes

across the Golgi stacks. As proteins mi-

grate through the Golgi, they become

progressively glycosylated. In accor-

dance, polysaccharides with increasing

structural complexity were observed to

localize to later cisternae in vivo, with the

individual subproteomes also containing

members of the corresponding biosyn-

thetic enzyme families.

Crucially, the authors were able to dis-

tinguish between Golgi-resident proteins

and secretory cargo within the suborga-

nelle proteome data sets. By comple-

menting their FFE approach with density

gradient centrifugation and quantitative

isotope tagging, profiles of proteins local-

ized to multiple organelles (i.e., cargo), as

well as nonsecretory contaminants such

as chloroplast or mitochondrial proteins,

were identified and ultimately excluded.

The lack of any obvious cluster enrich-

ment of such secretory cargoes also

aligns with the consensus model of con-

tinuous and uniform trafficking along the

cis- to trans-Golgi axis (Luini, 2011)

Mitochondrial, chloroplast, and nuclear

proteins carry known transit peptides at

their N terminus or nucleus localization

signals, respectively, which can be recog-

nized by machine-learning algorithms.

Moreover, soluble and integral membrane

proteins that are synthesized at the ER

often contain N-terminal signal sequences

aswell as additional motifs for their proper

trafficking within the endomembrane sys-

tem. However, the specific subcellular lo-

calization of proteins resident within the

secretory pathway is more difficult to pre-

dict based on in silico sequence analysis

alonedue to limitations inourcurrent knowl-

edge of such targetingmotifs. Bioinformatic

analyses of the transmembrane (TM) re-

gions of proteins resident within the ER,

cis-, medial-, and trans-Golgi compart-

ments and also the plasma membrane re-

vealed characteristic sequence-specific

motifs and physiochemical properties that

may determine their localization. Notably,

a gradient of preference for Ser and Phe at

the luminal side of the TM, or near-TM,

region existed from the ER through cis- to

trans-Golgi; and the frequency of positively

charged residues at the cytoplasmic TM

edge increased from the ER to the plasma

membrane. Moreover, while the average

length of the predicted TM domain shows

a broad increase along the whole secretory

pathway, this TM characteristic becomes

significant from the medial Golgi onward.

Taken together, these identified TM

protein features exhibit a continuum of

differences rather than discrete localiza-

tion “rules” per se. This is further reflected

in the subproteomes themselves,whereby

protein families with known biosynthetic

functionality were localized in sub-Golgi

compartments, consistent with the pro-

gressive nature of cargo glycosylation

and the recycling of resident proteins be-

tween adjacent compartments.

This high-confidence and comprehen-

sive data set of ER- and Golgi-resident

proteins, at suborganelle level resolution,

highlights the complexity and functional

Electrophoretic Separation and Clustering Analysis of Arabidopsis Endomembrane Proteins.

Membrane-bound compartments from Arabidopsis cell-suspension cultures were separated

according to their surface change by FFE and their proteomes determined at suborganelle level

resolution. (Adapted from Parsons et al. [2019], Figure 4.)
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diversity of the Golgi. The challenge now

is to elucidate how this pivotal organelle

regulates the sorting of secreted proteins

to their final destination.
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