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Fig. 1 The influence of nitrogen (N) depletion stress on the growth of C. reinhardtii cells
(a) Morphology alterations of C. reinhardtii grown in N-depleted medium. Each samples were collected at the set time points in the experiment, the
photos were taken with digital camera Canon A100. +N: control; -N: N-depleted stress. d0, d1, d2, d4 and d6 are culture time (days). (b) The
influence of N-depletion stress on the absorbance (A) of C. reinhardtii. The absorbance at 750 nm (A,5) of the culture were determined by the
ultraviolet-visible spectrophotometer, the bar graph was drawn with Microsoft Excel 2016. X- and Y-axes on the graph correspond to culture days and
A s, Tespectively. Black bar, control; blank bar, N-depleted stress. Data are x + s of three independent experiments. (c) The influence of N-depletion
stress on the cell number of C. reinhardtii. Cell number of batch culture was counted using hemocytometer under microscope, the bar graph was drawn
with Microsoft Excel 2016. X- and Y-axes on the graph correspond to culture days and cell number, respectively. Black bar, control; blank bar,
N-depleted stress. Data are x + s of three independent experiments. (d) The influence of N-depletion stress on the content of triacylglycerol (TAG) of
C. reinhardtii. The intracellular TAG was stained with Nile red and quantified using spectrophotometer, TAG content per cell was calculated, the bar
graph was drawn with Microsoft Excel 2016. X- and Y-axes on the graph correspond to culture days and fold change of TAG content per cell. Black

bar, control; blank bar, N-depleted stress. Data are x + s of three independent experiments.
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Fig. 2 The influence of nitrogen (N) depletion stress on the total protein content of C. reinhardtii
(a) Extracted total protein was separated by SDS-PAGE and stained with Coomassie brilliant blue. +N: control; -N: N-depleted stress. d0, d1, d2, d4

and d6 are culture time (days). (b) Quantitative comparison of total protein content of C. reinhardtii determined by Coomassie brilliant blue. Signal

intensities were extracted by ImagelJ software, and showed as relative protein abundance. The intensity of 0 day was set to 1, the fold change of 1, 2, 4

and 6 day to 0 day were calculated. X- and Y-axes on the graph correspond to culture days and fold change of total protein content, respectively.

Black bar, control (+N); blank bar, N-depleted stress (-N). Data are x + s of three independent experiments.
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Fig. 3 Western blot detection of candidate proteins in C. reinhardtii cells
C. reinhardtii cells cultured under control and N-depleted stress condition were collected at five time points. Total proteins were extracted and
separated by SDS-PAGE. PVDF-membrane-immobilized proteins were detected by antibodies against each 20 candidate proteins. Culture conditions
and time points were labeled on the top of each Western blot results, and the name of proteins were labeled under the Western blot results. +N: control;

—N: N-depleted stress. 0, 1,2, 4 and 6 are culture time (days). The arrows indicate the bands of candidate proteins.
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Table 1 Correlation analyses between abundance of candidate proteins and total protein content of C. reinhardtii cells

+N -N
Name
do dl d2 d4 dé PCC do dl d2 d4 dé PCC
HISTONE 1.00 1.45 1.49 1.52 1.54 0.96** 1.00 0.32 0.10 0.09 0.09 0.97%*
TUBI 1.00 1.07 1.33 1.29 1.40 0.87 1.00 1.02 0.59 0.60 0.49 0.88*
FAP127 1.00 1.19 1.42 1.47 1.57 0.95* 1.00 0.04 0.01 0.01 0.01 0.89*
1C2 - - - - - - - - - - - -
FKBP12 - - - - - - - - - - - -
RCK1 1.00 1.18 1.21 1.29 1.34 0.95% 1.00 0.46 0.36 0.08 0.09 0.92*
HSP70A 1.00 1.06 0.97 0.98 1.00  -0.12 1.00 0.59 0.29 0.28 0.28 1.00%**
HSP90B 1.00 1.21 1.17 1.18 1.19 0.89 1.00 0.36 0.21 0.20 0.18 0.96*
D1 1.00 1.16 1.31 1.41 1.34 0.90* 1.00 0.44 0.33 0.05 0.03 0.92%*
OEE2 1.00 1.86 231 2.39 2.49 0.97* 1.00 0.87 0.81 0.18 0.09 0.68
RBCL 1.00 1.38 1.43 1.55 1.56 0.98** 1.00 0.48 0.37 0.04 0.02 0.91*
RBCS2 1.00 1.11 1.14 1.48 2.32 0.75 1.00 0.89 0.57 0.55 0.33 0.89*
ATPs-6 1.00 6.12 11.56 12.77 12.74 0.94* 1.00 0.58 0.43 0.13 0.05 0.75
ATPs-A 1.00 1.11 1.13 1.14 1.14 0.95* 1.00 0.29 0.24 0.15 0.09 0.92%*
ATPs-B 1.00 1.01 1.02 1.01 1.02 0.84 1.00 2.44 3258  236.74 468.02 -0.55
BCR1 1.00 3.36 3.99 3.80 3.86 0.94** 1.00 0.11 0.12 0.11 0.11 0.88*
FAB2 1.00 1.19 1.21 1.20 1.19 0.71 1.00 0.63 0.38 0.36 0.35 0.99%*
GAP2 1.00 0.87 0.19 0.10 0.09 -0.84* 1.00 4.73 6.40 8.39 8.53 0.94*
MPCI1 1.00 423 11.46 17.25 17.39 0.88%* 1.00 0.48 0.45 0.04 0.03 0.87
RMT1 1.00 1.19 1.31 1.41 1.58 0.96* 1.00 1.33 1.62 2.25 350 -0.67
Total Protein 1.00 2.01 2.13 2.34 2.49 1.00%* 1.00 0.97 0.93 0.87 0.54 1.00%**

The signal intensities from Western blot in Figure 3 were extracted by ImagelJ software. IBM SPSS statistics v. 24 (IBM Corp. Armonk, NY,

USA) was used to calculate Pearson’s correlation coefficient (PCC) between normalized Western blot intensity of candidate protein and total

protein content. To normalize the intensity of Western blot, intensity at day 0 from different blots was averaged and set to 1, and intensity at

days 1, 2, 4, and 6 was calculated accordingly. **: Significant at the 0.01 level; *: Significant at the 0.05 level; —: Not detectable. +N: Control;

—N: N-depleted stress. d0, d1, d2, d4 and d6 are culture time (days).
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BRI IE bR S E A .
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N T R B A A R B I8 R I
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Fig. 4 The identification of biomarker proteins under N-depleted condition

According to the formula (1) described in the method section 1.8, Average relative fold change (ARF) was calculated as follows: Western blot signal

intensities of 4 time points (day 1, 2, 4 and 6) were normalized based on the signal on day 0, which was set to 1. Relative fold change were calculated

with (I (Treatment)-I (CK))/I (CK), where [ (Treatment) and / (CK) are the normalized Western blot signal in N-depleted and control samples,

respectively. The average relative fold change at 4 time points were calculated and then the bar graph was drawn. X- and Y-axes on the graph

correspond to protein names and ARF, respectively.
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Fig. 5 The abundance alteration of candidate biomarker proteins at the early stage of N-depleted stress

Upper panel: Bar graph. Fold change of abundance alteration of candidate biomarker proteins. Western blot signals intensities were extracted by

Image] software, the fold change at each time points compared to the signal at day 0 were calculated (Y-axes). Data are x + s of three independent

experiments. Lower panel: Western blot results. The abundance of candidate biomarker proteins detected by Western blot (ATPs-8, GAP2 and RMT1)

at the early stage of N-depleted stress and control. 0,2, 4, 8, 12, 24 and 48 are culture time (h). Each bar corresponds to one Western blot lane.
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Identification of Reference and Biomarker Proteins in Nitrogen
Depletion-mediated Triacylglycerol Biosynthesis in Chlamydomonas reinhardtii

SHI Jia-Nan, DU Tie-Min, CHEN Yue, ZHOU Yan, YANG Ya-Ru, LI Li-Yun, DOU Shi-Juan,

LIU Li-Juan, LIU Guo-Zhen™
(College of Life Sciences, Hebei Agricultral University, Baoding 071001, China)

Abstract Due to the relatively high lipid productivity, microalgae are promising raw material for biofuel
production. The understanding for the mechanism of lipid biosynthesis is an important concern which may
contribute to the increase of lipid production. Chlamydomonas reinhardtii under nitrogen depletion condition is a
model system to investigate the pathway of lipid biosynthesis. Substantial amount of data have been accumulated
using “omics” approaches recently, however, the identification of reference and biomarker proteins in nitrogen
depletion-mediated triacylglycerol biosynthesis in C. reinhardtii is limited. In this study, C. reinhardtii CC-124
grown in control and nitrogen depleted medium were surveyed to compare the morphology, cell density, lipid
content, and total protein content at multiple time points (0, 1, 2, 4 and 6 days). Under nitrogen depletion
treatment, the culture turned yellow from green and the A ;5, and cell number was decreased, indicated that the cell
growth was retarted. Furthermore, the concentration of neutral lipid was up-regulated based on nile red staining
assay, while the coomassie brilliant blue staining assay indicated that the concentration of total protein was
decreased. Western blot (WB) was performed to detect the expression patterns for 20 candidate C. reinhardtii
proteins at different time points. To identify the reference proteins under nitrogen depleted condition, the Pearson’s
correlation coefficient (PCC) between the content of total proteins and candidate proteins was calculated. Three
proteins (Histone H3, RBCL (ribulose-1, 5-bisphosphate carboxylase/oxygenase large subunit) and BCR1 (biotin
carboxylase, ACCase complex 1)) were selected due to their significant positive correlations (P < 0.01) in both
nitrogen depleted and control conditions. Comparison of average relative fold change (ARF) of the candidate
proteins indicated that the top 3 proteins are ATPs-B (ATP synthase CF1 beta subunit), GAP2 (glyceraldehyde
3-phosphate dehydroase 2) and RMT1 (rubisco large subunit N-methyltransferase 1), their ARFs are 180.59, 52.90
and 12.48, respectively, which were then chosen as biomarkers. Futhermore, to compare the earliest time point at
which biomarker band can be detectable, protein samples at early stage (0, 2, 4, 8, 12, 18, 24 and 48 h) at nitrogen
depletion treatment were collected and analysed by WB, it was showed that the induction bands of ATPs-8, GAP2
and RMT1 appeared at 8, 18 and 12 h, respectively. Thus, ATPs-B was the most appreciate biomarker since it is
the earliest showed and the largest degree varied among candidates proteins tested. The reference and biomarker
proteins identified in this study will provide help for the mechanism investigation of nitrogen depletion responses
and lipid biosynthesis in C. reinhardtii, the expression profiling acculumated for candidate proteins can be refered

by the reseach community.

Key words Chlamydomoans reinhardtii, nitrogen depletion, lipid biosynthesis, reference protein, biomarker
protein, Western blot
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