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SUMMARY 

 

Xiaoqian Chen. Liposome and drug-targeted molecular probes for 

detecting lipid droplets and tracking cancer cells. – Manuscript.   

LDs are considered to be organelles with extremely low water content and 

high viscosity. Related to diseases such as diabetes, diabetes, cancer, etc., when the 

disease is abnormal, lipid droplets in cells will appear, so we have developed four 

types of lipid droplets. 

We designed and constructed a simple coumarin-absorbed p-

nitrophenbutylethyl compound as a potential new organic biocatalyst for imaging 

groups. The internal projection belt shifts to the solar wavelength region. In addition, 

it is produced by the framework of the donor structure of the Fox also bridge. Stokes 

camera (100 nm, more than good LD, low biological toxicity and low biological 

toxicity and introduction. In addition, the biological probe Cou-LDs can also mark the 

emission of LDs in live zebras 

We synthesized two new probes, LDP-1 and LDP-2, which showed a 

resolution of 4758 cm-1 and 3986 cm-1, respectively. In addition, the biological probes 

LDP1 and LDP show low biological toxicity and good specificity. These two probes 

are also suitable for life cycle monitoring of cell LD release in HeLa. 

At the same time, we have developed a new type of luminescent chemical 

sensor that can effectively mark the inside of the cell. In addition, the anti-interference, 

pH stability, and low biological toxicity of decoys have been deeply rooted in cell 

imaging and zebra fish imaging. 

Key words: Lipid droplets, polarity-sensitive, Coumarin，cancer cell, 

Fluorescent probe, cell imaging 

 

 

 

 

 

 



АНОТАЦІЯ 

 

Сяоцянь Чен. Ліпосомні та націлені на ліки молекулярні зонди для 

виявлення ліпідних крапель і відстеження ракових клітин. – Рукопис. 

Ліпідні краплі (LD) вважаються органелами з надзвичайно низьким вмістом 

води та високою в’язкістю. Пов’язані з такими захворюваннями, як цукровий 

діабет, рак тобто, коли хвороба є аномальною, у клітинах з’являться ліпідні 

краплі, тому ми розробили чотири типи ліпідних крапель. 

Розроблено просту п-нітрофенбутилетилову сполуку, що поглинає 

кумарин, як потенційний новий органічний біокаталізатор для груп візуалізації. 

Внутрішній проекційний спектр зміщується в видимій області світла. Крім того, 

сполуку виготовляють на основі донорського матеріалу. Камера Стокса (100 нм, 

більш ніж хороший LD, низька біологічна токсичність і низька біологічна 

токсичність і введення).  

Синтезовано два нових зонди, LDP-1 і LDP-2, які показали роздільну 

здатність 4758 см-1 і 3986 см-1 відповідно. Крім того, біологічні зонди LDP-1 і 

LDP-2 демонструють низьку біологічну токсичність і хорошу специфічність. Ці 

два зонди також підходять для моніторингу життєвого циклу вивільнення 

клітинної LD в HeLa. Розроблено новий тип люмінесцентного хімічного 

датчика, який може ефективно позначати внутрішню частину клітини.  

Ключові слова: ліпідні краплі, чутливі до полярності, кумарин, ракова 

клітина, флуоресцентний зонд, зображення клітин. 
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Introduction 

The relevance. The lipid droplets, which have long been considered 

an inert fat particle, have not attracted the attention of cell biologists. 

However, in recent years, more and more researches believe that lipid 

droplets are a dynamic organelle and represent the frontier of cell biology. 

As a ubiquitous organelle, lipid droplets have a unique structure in cells. 

Lipid droplets are similar in structure to plasma lipoproteins. They are 

divided by cells and transport lipids to different parts of the body through 

blood circulation. When cells are exposed to a lipid-deficient 

environment that leads to nutritional imbalance, the breakdown of lipid 

droplets is activated to provide the necessary energy source for cell 

survival. When the sudden consumption of glucose in the cell leads to a 

lack of energy, lipid droplets provide a fast and mobile energy matrix for 

cell survival. 

The earliest description of lipid droplets dates back to the early 19th 

century. It was described fat droplets in cells and speculated on their 

origin. In the early days, the high diffraction characteristics of lipid 

droplets allowed them to be observed under an optical microscope. At the 

beginning of the 20th century, lipid droplets were considered an 

important part of most cells, which gave this organelle a new name: 

liposomes. However, in the late 1960s, artificial liposomes were invented 

and soon replaced its name. Since then, this organelle has been given 



 

many names, including lipid droplets, liposomes, fat bodies, fat droplets, 

and liposomes. In plants, they are often called oil droplets. Later, with the 

rapid development in the field of cell biology, the name lipid droplet 

gradually replaced other names. 

Studies have found that cancer cells have more lipid droplets due to 

their faster metabolism. Therefore, cancer cells have more lipid droplets 

than normal cells. This specificity provides the research basis for this 

article. In this paper, in order to label cell lipid droplets, a variety of novel 

fluorescent probes . And to achieve precise targeting of lipid droplets in 

cancer cells, providing a new method for solving cancer diagnosis. This 

article mainly describes three new types of lipid droplet fluorescent 

probes. The main conclusions are as follows. Through the fine chemical 

synthesis of fluorescent probes, UV fluorescence spectroscopy tests are 

performed on them to analyze the stability of the probes, selectivity, pH 

resistance, and cytotoxicity. And imaging HeLa cells to study the 

targeting of the lipid droplets of cancer cells by fluorescent probes based 

on the coumarin dye as the parent. The study found that these three 

fluorescent probes can accurately target the lipid droplets of cancer cells. 

Thus, the research presented in this work is relevant. 

Objective of the study: сreate molecular probes with liposomes and 

drugs to detect lipid droplets and track cancer cells. 



 

The object of research is properties of molecular probes with 

liposomes.  

The subject of research is мolecular probes for detecting lipid 

droplets and tracking cancer cells. 

Research methods. The 1H NMR and 13C NMR spectrums were 

obtained from INOVA-400 MHz nuclear magnetic resonance instruments, 

respectively. High-resolution electrospray mass spectra (HRMS) were 

obtained from Bruker APEX IV-FTMS 7.0T mass spectrometer. All the 

UV–vis absorption spectra and emission spectra were obtained from 

Shimadzu UV-1800 spectrometer and Shimadzu RF-5301PC 

spectroscope respectively. The fluorescence images of cells were obtained 

with Nikon A1MP confocal microscopy with a CCD camera, Both TLC 

and silica gel were purchased from the Qingdao Ocean Chemicals. 

Practical value: А novel organic bio-probe Cou-LDs exhibited 

favorable merits including large Stokes shift (over 100 nm), good 

selectivity, low biological toxicity, and LDs-specificity. Furthermore, the 

bio-probe Cou-LDs could also marking LDs distribution in living 

zebrafish, which may be suitable for studying some physiological 

processes. 

Scientific novelty: А novel organic bio-probe Cou-LDs was 

designed and constructed for LDs cell imaging with much more 

hydrophobic and viscous environment compared to cytosol.  



 

SECTION 1. Summary of Lipid Droplet Fluorescent Probes 

1.1 Fluorescence mechanism 

At present, scientists have researched and discovered and 

demonstrated the detection mechanisms of fluorescent probes: photo-

induced electron transfer (PET), intramolecular charge transfer (ICT), 

fluorescence resonance energy transfer (FRET), cross-bond energy 

transfer (TBET), aggregation induced luminescence (AIE), excited state 

intramolecular charge transfer (ESIPT), etc. 

1.1.1 Photo-induced electron transfer (PET) 

The fluorescent probe of the PET mechanism consists of an acceptor 

containing an electron donor, a spacer, and a fluorophore that absorbs and 

emits light.The acceptor is responsible for binding the guest, and the 

spacer has the function of separating the fluorophore and the acceptor, but 

can also connect the constituent molecules.When light irradiates the 

probe molecule in an excited state, electrons are transferred from the 

receptor to the fluorophore or from the fluorophore to the receptor in the 

molecule, and the probe molecule does not emit fluorescence.When the 

receptor binds to the detection substance, the effect of PET is inhibited, 

and the fluorophore emits fluorescence, as shown in Fig. 1.1.The 

fluorescence probe of the PET mechanism generally has a huge change in 



 

fluorescence before and after it is combined with the detection substance. 

Therefore, this type of probe is often used as a switch for molecular 

fluorescence[1]. 

 

Figure. 1.1 Schematic diagram of luminescence of fluorophore with PET mechanism 

 

Recently, Huang and his team members introduced a new dual-mode 

signal analysis method based on the hyperchromic effect and light-

induced electron transfer of copper nanoclusters protected by 

polyethyleneimine, which is simple, sensitive, fast and Selectively 

monitor alkaline phosphatase . 

1.1.2 Intramolecular charge transfer (ICT) 

The fluorescent probe of the ICT mechanism is usually formed by 

connecting the electron withdrawing group and the electron pushing 

group through π electrons. The molecular substrate has two states: 

electron-deficient and electron-rich. When the electron-deficient state is 

connected to the electron-withdrawing group, ICT is enhanced, and the 

spectrum is red-shifted. When the electron-deficient state is connected to 

the electron-pushing group, ICT is weakened and the spectrum is blue-



 

shifted; when the electron-rich state is connected to the electron 

withdrawing group, ICT is weakened, and when it is connected to the 

electron pushing group, ICT is strengthened. As shown in Fig. 1.2, 

Molecular fluorescent probes with ICT properties have a strong solvation 

effect, and their fluorescence spectrum redshifts with the increase of 

solvent polarity[2-4]. 

 
Figure. 1.2 Schematic diagram of fluorophore luminescence with ICT mechanism 

 

Lin's team designed a dicyanoisophorone NIR fluorescent probe 

MSO-SO2 for ER. Among them, levulinic acid can be used as a specific 

recognition site and electron withdrawing group.In the absence of SO2, 

the probe MSO-SO2 emits extremely weak fluorescence due to the 

inhibition of the intramolecular charge transfer (ICT) process;After 

responding to SO2, the C=O bond of MSO-SO2 is broken, and the 

molecule immediately releases the group MSO with near-infrared 

fluorescence, and emits strong red fluorescence[3]. 



 

1.1.3 Fluorescence resonance energy transfer (FRET) 

If two fluorescent probe molecules, one is the donor and the other is 

the acceptor, if the absorption spectrum of the acceptor molecule overlaps 

with the emission spectrum of the donor molecule and the distance 

between them is less than 10 nm, Then energy resonance transfer can 

occur between the two probe molecules. Specifically, when the donor 

molecule is excited, it will not show fluorescence, but transfer energy to 

the acceptor through electric dipole interaction, excite the acceptor, and 

show fluorescence (the acceptor is a fluorescent emitting group). As 

shown in Fig. 1.3, during the energy transfer process, no photon emission 

or reabsorption occurs, so it is non-radiative. 

 

Figure. 1.3 Schematic diagram of fluorophore luminescence with FRET mechanism 

In 2016, Jia's group prepared a small molecule fluorescent probe 

PNcy3cy5 with a FRET mechanism in 2016, and used the different 

reactivity of Cy3 and Cy5 to OONO- through fine-tuning. It shows high 

detection sensitivity and generates a ratio fluorescent signal. This probe 

can also be specifically located in the mitochondria mainly produced by 



 

endogenous OONO-, and it is a promising biological molecular tool[5]. 

1.1.4 Cross-bond energy transfer (TBET) 

The fluorescent probe with cross-bond energy transfer is that the 

donor and acceptor are connected in the same molecule through the rigid 

structure of a part of the π-electron system, such as phenylacetylene, 

diphenylacetylene and other structural units. Compared with FRET, the 

donor and acceptor have a smaller spatial distance, and the existence of 

bonds makes the spatial orientation fixed and difficult to change, but 

electron exchange can occur through the overlap of the electron cloud, so 

that energy is transferred from the donor to the acceptor[6, 7]. 

In 2014, Zhou’s research team adopted a bond energy transfer 

(TBET) strategy to design and synthesize a small molecule ratio two-

photon fluorescent probe for real-time imaging of living cells and tissues. 

The two fluorophores share electrons. The yoke bond is directly 

connected to form the TBET probe Np-Rh, which shows a two-photon 

fluorescence response with high efficiency energy transfer (93.7%) and 

two well-resolved emission peaks separated by a target modulation ratio 

of 100nm[8]. 

1.1.5 Aggregation induced luminescence (AIE) 

In 2001, the team of Professor Tang Benzhong of the Hong Kong 



 

University of Science and Technology discovered a relatively special 

phenomenon, that is, some molecules do not emit light in dilute solution, 

but the fluorescence intensity is greatly enhanced in the aggregate state, 

and the concept of aggregation-induced luminescence was first proposed. 

The mechanism of aggregation-induced luminescence can be explained 

by the limited intramolecular motion. Some groups inside the molecule 

are more active. When in the excited state, the light energy is dissipated 

in the form of heat in the form of vibration, so it does not emit light or 

emits weak light. , And when the molecules regroup together, they restrict 

each other's internal movement and reduce energy loss, so the light output 

efficiency is very high, which shows the phenomenon of fluorescence 

enhancement. The opposite is aggregation-induced quenching (ACQ), 

that is, molecules that fluoresce strongly at low concentrations, but do not 

emit light or faintly at high concentrations[9]. 

Dong’s team discovered in 2007 that 1,2-diphenyl-3,4-

bis(diphenylmethylene)-1-cyclobutene can be effectively induced to emit 

light through the formation of aggregates. The crystalline aggregates emit 

brighter and bluer light than their amorphous counterparts[10]. 

1.1.6 Excited state intramolecular charge transfer (ESIPT) 

ESIPT fluorescent probe refers to the proton transfer reaction 

between adjacent proton donor and acceptor after being excited inside the 



 

probe molecule after being excited by light, in which the proton group 

will appear tautomerism. The enol structure will become a keto structure 

and the emission wavelength of the molecule will be red-shifted[11, 12]. 

Molecules with ESIPT constitute a very rich field of research because 

they have large Stokes shifts[13]. Due to its unique photophysical 

properties, ESIPT molecules have a wide range of applications in 

luminescent materials for sensors, dye lasers, light stabilizers, 

bioluminescent probes and electroluminescent devices[14, 15]. 

In 2019, the Mishra team[16] chose a fluorescent, single embedded 

ESIPT core 6(a-c) azo dye, 

They focused on evaluating the effects of solvents of different 

polarities and viscous organic solvents, as well as the effects of pH on the 

UV-visible absorption and emission spectra of electrospray polymer cores 

containing azo dyes. The results showed that the synthesized dye could be 

used as a viscosity sensor in the deep red area. 

1.2 Lipid droplets 

Lipid droplets, which have long been considered an inert fat particle, 

have not attracted the attention of cell biologists. However, in recent 

years, more and more studies believe that lipid droplets are a dynamic 

organelle and represent the frontier of cell biology. Lipid droplets, as a 

ubiquitous organelle, have a unique structure in cells. They exist in most 



 

eukaryotic cells and are composed of neutral lipids (such as cholesterol or 

triglycerides) wrapped in a monolayer of phospholipids[17]. There are 

many proteins on the surface of lipid droplets, which play a very 

important role in biological functions[18, 19]. Lipid droplets are formed 

in the endoplasmic reticulum membrane, grow and contract rapidly, pass 

through the cytoplasm, and contact other organelles to exchange proteins 

and lipids. The composition of their lipids and proteins is dynamic with 

changes in cell state and nutrient utilization Variety. Lipid droplets are 

similar in structure to plasma lipoproteins, which are secreted by cells and 

transport lipids to different parts of the body through blood circulation. 

When cells are exposed to a lipid-deficient environment to cause 

nutritional imbalance, the breakdown of lipid droplets is activated to 

provide the necessary energy source for cell survival. When the sudden 

consumption of glucose in the cell leads to a lack of energy, lipid droplets 

provide a fast and mobile form of energy substrate for cell survival. 

The earliest description of lipid droplets can be traced back to the 

early 19th century. Both Richard Altman and E.B. Wilson described the 

fat droplets in cells and speculated their origin [20].In the early days, the 

high diffraction properties of lipid droplets allowed them to be observed 

under an optical microscope. In the early 20th century, lipid droplets were 

considered an important part of most cells, which gave this organelle a 

new name: liposomes. However, in the late 1960s, artificial liposomes 



 

were invented and soon replaced its name. Since then, this organelle has 

been given many names, including lipid droplets, liposomes, fat bodies, 

fat droplets and liposomes. In plants, they are often referred to as oil 

droplets. Later, with the rapid development of the field of cell biology, the 

name lipid droplet gradually replaced other names. 

1.2.1 The structure of lipid droplets 

Lipid droplets are organic cores composed of neutral lipids 

(triacylglycerols and sterol esters) and are wrapped by a monolayer of 

phospholipids (Fig. 1.4) [17]. This structure provides a unique interface 

for cells to separate the water and organic phases. A large number of 

proteins are secreted on the surface of lipid droplets, including structural 

proteins (perilipin family proteins), lipid synthase (acetyl coenzyme, 

carboxylase, acyl-CoA synthase, etc.), lipase (fatty tissue triacylglycerol 

lipase ATGL) and membrane transporters (Rab5, Rab18 and ARF1). 

More complicated is that different lipid droplets in cells can contain 

different proteins (Ducharme and Bickel), and the rate of obtaining 

triglycerides is also different, which indicates that cells contain different 

types of lipid droplets with special functions[19]. 



 

 

Figure. 1.4 The composition of lipid droplets 

 

1.2.2 Lipid droplet formation 

When fatty acids (FAs) are carried by albumin and lipoproteins from 

outside the cell into the cell, the life cycle of lipid droplets begins to form. 

Fatty acids release triglycerides in lipoproteins through the hydrolysis of 

lipoproteins, and passively diffuse into cells through the action of fatty 

acid transporters or fatty acid translocators[21]. Fatty acids can also be 

synthesized from carbohydrates in many types of cells. Next, the fatty 

acid enters the biological activity pool by combining with coenzyme a to 

form fatty acid acyl-coenzyme a in a reaction that requires energy. Fatty 

acid acyl-coenzyme a is used by glycerol synthase (glycerol-3-phosphate 

acyltransferase and sn-1-acylglycerol-3-phosphate acyltransferase) in the 



 

endoplasmic reticulum to finally generate diacylglycerol. Diacylglycerols 

are converted into neutral lipids (triglycerides) by the DGAT enzyme or 

enter the phospholipid synthesis pathway. 

1.2.3 Enlargement of lipid droplets 

The size of lipid droplets varies greatly, and their diameter ranges 

from 20 nm to 100 µm. Therefore, lipid droplets can grow. One possible 

mechanism is that, like balloons, lipid droplets swell like unicellular 

organelles. If lipid droplets continue to adhere to the endoplasmic 

reticulum, protein and newly synthesized lipids may diffuse to the sides 

of the lipid droplets and increase their volume[21]. If the lipid droplets 

are separated from the endoplasmic reticulum, these proteins and lipids 

may be transported to the lipid droplets through the vesicle, because the 

vesicle bilayer membrane must fuse with the monolayer membrane at the 

lipid droplet. In addition, the neutral lipids in the nucleus can target 

enzymes on the surface of lipid droplets (such as DGATs). In either case, 

the increase in the volume of neutral lipids needs to match the increase in 

the corresponding surface phospholipids. Consistent with this view, the 

key enzyme of phospholipid synthesis, CTP: phosphocholine cytidine 

transferase, is located on the surface of the lipid droplet during the growth 

process of the lipid droplet [22]. Similarly, smaller lipid droplets can form 

larger lipid droplets through fusion, which may also promote the growth 



 

of lipid droplets. It should be noted that the fusion mechanism will reduce 

the need for phospholipid synthesis during the growth of lipid droplets, 

because fusion will reduce the specific surface area of the lipid droplets. 

1.2.4 The role of lipid droplets 

For many cells and organisms, the energy supply in the environment 

fluctuates between surplus and starvation, and the ability to store energy 

may provide a competitive evolutionary advantage. 

Energy in cells is mainly stored in the form of triglycerides, which 

are hydrophobic and highly concentrated molecules used to store energy. 

In cells, energy is stored in lipid droplets [21]. In fact, the main cells 

involved in this process are highly specialized adipocytes, in which lipid 

droplets usually occupy most of the space. In mammals, energy storage 

and catabolism in lipid droplets are highly regulated by hormones and 

signaling pathways. Lipid droplets are also the reservoir of the 

components of biological membranes (phospholipids and sterols). When 

energy is needed, the lipids in lipid droplets can be catabolized to produce 

corresponding biological membranes. In yeast, the hydrolysis of 

triglycerides is related to the cell cycle and increases rapidly with the 

expansion of the membrane[23]. 

Lipid droplets are also involved in intracellular protein metabolism. 

For example, during the development of Drosophila, histones accumulate 



 

on the surface of lipid droplets until they are incorporated into the rapidly 

dividing nucleus[24].In the process of hepatocyte virus replication, the 

core protein of hepatitis C virus is also located in lipid droplets[25]. Lipid 

droplets play a great role in the function of spliceosome and proteasome. 

In the proteasome, lipid droplets can serve as a platform for the 

deposition and degradation of certain proteins[26].Lipid droplets have 

been proven to play a very important role in various biological functions, 

such as regulating the storage and metabolism of neutral lipids, protein 

degradation, membrane construction and maintenance, and signal 

transduction. Abnormal intracellular lipid droplets can lead to the 

occurrence of many diseases, including cancer, obesity, fatty liver, 

hyperlipidemia, atherosclerosis, inflammation, viral infection, type II 

diabetes and neurodegeneration in Alzheimer's disease . 

1.2.5 The significance of lipid droplets 

In the past few decades, lipid droplets have been studied mostly in 

morphology, and other aspects have received little attention. In 1991, in 

fat cells, the phosphoprotein perilipin associated with lipid droplets was 

first discovered[27]. This discovery aroused the attention of scientists to 

lipid droplets. Since then, research on lipid droplets has increased 

dramatically. It mainly includes basic research related to obesity-related 

diseases and oil production. Lipid droplets have developed new areas for 



 

biological research and greatly promoted the development of cell biology. 

Lipid droplets, whose role has been underestimated for a long time, are 

now finally recognized as an important organelle with complex dynamic 

structure and biological significance 

The overexpression of triglycerides usually induces obesity and 

metabolic syndrome, often leading to cardiovascular disease and type II 

diabetes. Lipid droplets play an important role in the storage of 

triglycerides. In fact, many diseases, such as obesity, diabetes and fatty 

liver, are diseases caused by excessive lipid droplets. Lipid droplets in fat 

cells, muscle cells, liver cells, and cardiomyocytes may protect cells from 

excessive fat. However, in many cases, excessive lipid deposition may 

exceed the cell's ability to withstand it, leading to dysfunction, called 

lipotoxicity[28]. Interestingly, the Fsp27/CIDEC protein can regulate the 

storage of fat by adipocytes[29], and may also regulate the storage 

capacity of lipid droplets[30]. Lipid droplets also play an important role 

in atherosclerosis. In atherosclerosis, cholesteryl esters cause the 

accumulation of lipid droplets in macrophages to form foam cells, which 

are a sign of atherosclerotic lesions. In foam cells, lipid droplets have the 

effect of buffering excess unesterified sterols in the cells. If macrophages 

are overwhelmed by excessive lipids, cell apoptosis and cell necrosis may 

occur, causing pathological changes, and ultimately leading to stroke and 

heart attack[31]. In addition to metabolic diseases, lipid droplets are also 



 

involved in the cell replication of a variety of infectious pathogens, 

including chlamydia and hepatitis C virus[32], providing a new 

therapeutic perspective for these diseases. In addition to diseases, in-

depth research has been conducted on the application of lipid droplets in 

nutrient sources or biofuels in petroleum production. For a long time, 

researchers have changed the fat production of animals or crops through 

breeding, and may further increase their fat production through genetic 

engineering. In addition, in industrial production, efforts to use lipid 

droplets in algae or bacteria as a source of biofuel to provide an energy 

source are rapidly increasing. Traditionally, vegetable oil stored in 

liposomes can be obtained from crops such as Brassica napus and further 

processed into biodiesel. The current research on the engineering 

technology of photosynthetic microorganisms such as algae is expected to 

bring the industrial-scale production of petroleum into a new field. 

1.3 Research Progress of Fluorescent Probes for Lipid Droplets 

In recent years, different lipophilic fluorescent probes have been 

developed, expanding the toolbox that can be used to detect lipid droplets. 

The ingenious design of the probe improves the specificity of the 

compound to organelles, so that the compound has better photophysical 

properties, enhanced cell permeability, and lower cytotoxicity. In this 

section, we have listed a series of fluorescent probes for targeting lipid 



 

droplets, with fluorescence emission wavelengths ranging from blue to 

the near infrared (NIR) region. For clarity, we group the emission colors 

of fluorescent probes in low-polar solvents as follows (Fig. 1.5): blue 

(λem <500 nm), green (λem = 500 – 550 nm), yellow (λem =550 – 600 

nm), red to near infrared (λem> 600 nm). 

 

Figure. 1.5 Various lipid droplet fluorescent probes 

1.3.1 Lipid droplet probe with blue light 

Yang et al. [33] reported a blue commercial dye targeting lipid 

droplets with monosalvianolic pentane (MDH) (Figure 1.5) as the 

fluorophore. MDH has good fluorescence in multicolor single photon 

excitation (1PE) imaging. At the same time, it has two-photon (2PE) 

imaging performance under 760 nm excitation. 

Inspired by MDH as a commercial dye for lipid droplet targeting, 

PyrPy10d and PyrPy11c blue dyes were developed with dihydropyridine 



 

and pyrazopyridine as the core[34]. These dyes exhibit solvochromic 

behavior. As the polarity of the solvent increases, the color shifts to red. 

This feature proves that the molecule undergoes an intramolecular charge 

transfer (ICT) process. The introduction of ester groups in the pyridine 

core can improve the ICT process and cell permeability. In addition, the 

introduction of the second ester group greatly improves the selectivity of 

the compound to lipid droplets. 

PITE[35] is a combination of pyroindole (PI) and 

tetraphenylethylene (TE) (Figure 1.5). PI emits strong green fluorescence 

in organic solvents, but due to its poor solubility, the fluorescence is 

quenched in aqueous solutions, while TE is an aggregation-induced 

emission (AIE) molecule. PI and TE are coupled to form molecules with 

new properties, and PITE can specifically target lipid droplets in cells. 

PITE has absorption peaks at 320 nm and 420 nm, caused by TE and PI, 

and emission peaks at 490 nm. It shows high targeting of lipid droplets in 

yeast cells and HeLa cells. 

Tang Benzhong’s group developed a series of AIE probes targeting 

lipid droplets, named TPE-AmAl[36] and TPA-BI[37] (Fig. 1.6). TPE-

AmAl is composed of TE units with AIE properties. Alkylamino groups 

are used as electron donors and carbonyl groups are used as electron 

acceptors to promote the ICT process. TPE-AmAl aggregates in an 

aqueous solution, the emission spectrum is at 610 nm, but it emits blue 



 

fluorescence in the lipid droplets in the cell. This difference is caused by 

the non-polar environment of the lipid droplets and the solvation 

properties of the dye (blue shift in low-polar solvents). Nile red was used 

as a commercial dye to verify its targeting of lipid droplets. 

TPA-BI uses triphenylamine (TPA) as an electron donor and has the 

ability to enhance two-photon absorption (2PA). When the solvent 

changes from n-hexane to acetonitrile, TPA-BI exhibits a solvation effect 

from blue (447 nm) to red (619 nm), covering almost the entire visible 

spectrum. TPA-BI can perform cell imaging at 1PE and 2PE. In 1PE 

imaging, TPA-BI not only exhibits excellent lipid droplet targeting, but 

also exhibits high photostability. The cross-sectional value (δ2PA) of 

TPA-BI at 840 nm is as high as 213 GM, and its imaging in 2PE cells was 

evaluated. The results show that TPA-BI outperforms 1PE in 2PE. 

Although the reported blue probes successfully target intracellular 

lipid droplets, they all have some common limitations, such as low 

brightness, high background fluorescence, and UV-induced phototoxicity. 

 

Figure. 1.6 Structures of blue emitting probes for LDs 



 

1.3.2 Green glowing lipid droplet probe 

N et al. developed lipid droplet probes LipidGreen 

(λex/em=485/515nm) and LipidGreen2 (λex/em=456/534nm) that emit 

green light (Fig. 1.7)[38]. In co-localization experiments with lipid 

droplet-associated protein (Periplin) and LipidTOX™, both dyes have 

been shown to stain lipid droplets. 

The lipophilic BODIPY derivative LD540 was synthesized for lipid 

droplet imaging. The dye emits bright fluorescence at 545 nm in 

sunflower oil[39]. Another type of fluorescent dyes reported to be used 

for dyeing lipid droplets are AF8, AF10 and AFN based on azolinone[40]. 

In DMSO, the absorption maximums of AF8 and AF10 are at 375 nm and 

352 nm, respectively, and their emission peaks are at 479 nm and 477 nm. 

Interestingly, in DMSO, the absorption maximum of AFN is at 432 nm, 

the emission peak is at 592 nm, and the Stokes shift is 160 nm. AF8 and 

AF10 did not show solvent discoloration effect, while AFN showed 

solvent discoloration effect. The solvation and discoloration of AFN is 

caused by the ICT process. Although AF8 and AF10 exhibit interesting 

photophysical properties, only AFN can enter cells and have a good co-

localization effect with Nile Red, showing its specific recognition of lipid 

droplets. 

The subject of Tang Benzhong was combined into a series of two-

photon lipid droplet probes containing naphthalene[41], referred to as 



 

NAP (NAP-Ph, NAP-Br, NAP-CF3 and NAP-Py, as shown in Fig. 1.7). 

These probes have AIE properties, exist in an aggregated state in aqueous 

solutions, and their emission wavelength is at 523 -540 nm. NAP 

AIEgens exhibits a large Stokes shift (110 nm) and a good δ2PA (45-100 

GM at 860 nm), so it can perform two-photon imaging in living cells and 

tissues. This type of probe can specifically stain lipid droplets at a very 

low concentration (50 nM) and a short time (15 min incubation). 

Appelqvist et al. introduced a green lipid droplet dye based on the 

benzothiazole (BTD) fluorophore, named LD-BTD1 (Figure 1.6)[42]. 

BTD is cross-coupled with the electron-donating group 

dimethylaminophenyl to form a push-pull fluorophore. In hexane, the 

absorption peak is at 420 nm and the emission peak is at 511 nm. As the 

polarity of the solvent increases, LD-BTD1 exhibits a significant 

solvation discoloration effect. Shigehiro Yamaguchi synthesized a 

benzophosphoroxy fluorophore that is extremely sensitive to polarity for 

lipid droplet recognition, and its name is LipiDye (Figure 1.6)[43]. In 

toluene, the absorption peak is at 415 nm, and the emission peak is at 528 

nm. Its ICT process makes it show obvious solvation discoloration 

performance. Once LipiDye stains lipid droplets, its emission maximum 

is between 521 530 nm. Niko et al. used a similar method to synthesize 

a probe PA with push-pull effect (Figure 1.6)[44]. The absorption peak is 

located at 430 nm, and the emission range is between 480  600 nm. This 



 

type of probe also has an obvious solvation effect. Nilsson synthesized a 

series of phosphorus-containing compounds substituted by pyridyl and 

thienyl groups (Phos, as shown in Figure 1.6)[45]. The results show that 

the introduction of thienyl group can cause the red shift of absorption 

wavelength and emission wavelength more than the introduction of 

pyridyl group. The study also found that the thiophene derivatives (Phos 

2a and Phos 3a) of the phosphorus-containing compounds have better 

lipid droplet targeting performance in cells than pyridine derivatives. 

Moliner et al. used natural products as intermediates to design the 

phenazine lipid droplet probe P1 (Figure 1.6)[46]. In dioxane, the 

absorption peak of P1 is located at 428 nm, and it emits fluorescence at 

500 nm, forming weakly emitting aggregates in water. P1 can achieve 

better co-localization effect with Nile Red dye in HeLa cells. 

 

Figure. 1.7 Structures of green emitting probes for LDs 



 

1.3.3 Yellow glowing lipid droplet probe 

Seung Bum Park reported a series of Seoul-Fluor-based fluorescent 

dyes for targeting cell lipid droplets (Figure 1.8)[47]. By introducing the 

electron-donating group diethylamino group into the Seoul-Fluor core, 

the fluorescent molecule SF44 was synthesized. This molecule has an 

obvious solvent discoloration effect. Its emission range is from 561 nm to 

624 nm (from ether to acetonitrile). Caused by the ICT process. By 

improving the compound, the lipophilic molecule SF58 was further 

rationally designed, and the improved molecule was tested with SF44 for 

lipid droplets in microalgae. Benzhong Tang’s group recently synthesized 

AIEgens with FAS and DPAS for targeting lipid droplets in cells (Figure 

1.8)[48]. They have undergone an excited state intramolecular proton 

transfer (ESIPT) process, and their keto structure exists in an aggregate 

state, resulting in a larger Stokes shift and enhanced fluorescence 

emission. FAS and DPAS showed two emission peaks in the solution. The 

emission in the short-wavelength region corresponds to the enol 

configuration, while the emission in the long-wavelength region 

corresponds to the ketone configuration. FAS and DPAS have good 

colocalization coefficients with BODIPY 493/503, proving their lipid 

droplet targeting in cells. 

Brenno A. D. Neto synthesized the coumarin lipid droplet dye BTD-

Lip[49] based on benzothiadiazole (BTD), which serves as the electron 



 

acceptor. Connecting p-methoxyphenyl as an electron donor to BTD 

promotes the ICT process in the excited state. The ICT molecule BTD-

Lip has a significant solvation effect, ranging from 585 nm to 643 nm 

(from n-hexane to DMSO). BTD-Lip can identify lipid droplets in CaCo-

2 cells, and has a good colocalization coefficient with BODIPY 493/503. 

BTD-Lip can also identify lipid droplets in Caenorhabditis elegans. Tang 

Benzhong’s subject was combined into a yellow-emitting lipid droplet 

targeting dye IND-TPA[50]. In THF, the absorption peak is at 478 nm and 

the emission peak is at 594 nm. IND-TPA exhibits atypical AIE behavior: 

in the THF/water solution, when the ratio of water increases to 70%, the 

fluorescence intensity decreases by 13.8 times, and when the ratio of 

water increases to 90%, the fluorescence intensity increases by 20.4 times. 

This is due to the twisted intramolecular charge transfer (TICT) effect. It 

has a good co-localization effect with commercial lipid droplet dye 

BODIPY 493/503, further confirming the specific recognition of lipid 

droplets by this probe. IND-TPA has a high signal-to-background ratio. 

Subsequently, the research group reported the first light-activated AIE 

probe BZT3a for lipid droplet imaging (Figure 1.8)[51]. BZT3a 

undergoes photo-oxidation under 365nm light to generate BZT4a in 

oxidized form. Solid BZT4a has absorption at 365 nm and emission peak 

at 570 nm. Further studies have shown that in cells, BZT3a and the 

commercial lipid droplet dye BODIPY 493/503 have a good co-



 

localization coefficient. Interestingly, BZT3a can be photoactivated under 

two-photon irradiation at 780 nm. Although its brightness is poorer than 

commercial BODIPY 493/503, it has simple chemical synthesis, strong 

cell permeability, larger Stokes shift and excellent lipid droplet targeting 

performance. 

 

Figure. 1.8 Structures of yellow emitting probes for LDs 

1.3.4 Red and near infrared lipid droplet probe 

The main advantages of red fluorophores are: (1) low background 

signal from autofluorescence from biological samples, (2) effective 

excitation of dyes in thicker tissue samples, and (3) less light scattering. 

Jun-Long Zhang designed a red-emitting lipid droplet probe LD-

TPZn based on Zn (II) complex[52]. In DMSO, the absorption peaks of 

LD-TPZn are located at 390, 440 and 599 nm, the emission peaks are 

located at 637 nm, and the quantum yield is 0.44. Co-localization 

experiments with BODIPY 493/503 and intracellular lipid droplet-

associated protein periliplin-1 confirmed that LD-TPZn has a good 



 

targeting effect on intracellular lipid droplets. At 880 nm, LD-TPZn has a 

two-photon absorption cross section of 110 GM, which can be used for 

lipid droplet imaging of adipose tissue.  

Recently, Nikhil R. Jana reported a fluorescent probe LQD based on 

quantum dots (Fig. 1.8), which can be selectively used for lipid droplet 

recognition[53]. The LQD is composed of a red-emitting CdSe quantum 

dot core and polyacrylate wrapped in a ZnS shell. LQD has a narrow 

emission peak at 600 nm in colloidal solution. As quantum dots, LQDs 

have a wide excitation window and can use blue lasers to image lipid 

droplets. LQD enters cells through endocytosis and has a good 

colocalization coefficient with Nile Red. Benzhong Tang’s group 

explored the photo-activated lipid droplet probe PhotoAFN 2a-c[54]. In 

tetrahydrofuran solution, the emission spectrum range is 610 - 624 nm, 

and in solid state, the emission spectrum range is 571 - 620 nm. 

As a TICT molecule, PhotoAFN 2a-c exhibits a significant solvent 

effect (blue shift with decreasing solvent polarity). In addition, the probe 

can distinguish lung cancer cells from normal lung cells. Subsequently, 

the subject was combined into the near-infrared AIE probe TPE-AC[55], 

which aggregates in water and exhibits near-infrared emission at 780 nm, 

with an absolute quantum yield of 5% in solid state. When staining lipid 

droplets in cells, TPE-AC has a good overlap with commercial dyes 

BODIPY 493/503. Compared with commercial dyes, this probe also has 



 

better photostability. Similarly, the research group used triphenylamine as 

the core and redesigned the near-infrared luminescent materials TPMN, 

TTMN, MeTTMN and MeOTTMN (Figure 1.9)[56]. 

 

Figure. 1.9 Structures of red emitting probes for LDs 

 

These AIEgens exhibit some interesting characteristics, such as: one-

pot synthesis, larger Stokes shift, and higher quantum yield. Through co-

localization experiments with commercial lipid droplet dye BODIPY 

493/503, it was found that it has good targeting ability to lipid droplets. In 



 

addition, this type of AIEgens has a good ability to generate active 

oxygen and has potential photodynamic applications. In addition, TPMN, 

TTMN and MeTTMN have good imaging effects in zebrafish embryos. 

Then synthesized the near-infrared AIE probes DCMa, DCIs and DCFu 

with push-pull electronic effects[57]. These luminescent molecules 

exhibit a strong solvent discoloration effect. In polar solvents, they do not 

emit light due to the TICT effect. In the aggregate state, their emission 

range is from 665 nm to 775 nm, and has a good co-localization effect 

with BODIPY 505/515. 

Lin's research group developed the near-infrared probe NLV-1 (Fig. 

1.9)[58]. NLV-1 is an anthocyanin composed of indole aniline and 

malononitrile. The probe emits strong light in high-viscosity media, but 

does not emit light in low-viscosity media due to the free rotation of 

molecules. Due to this characteristic, NLV-1 can detect viscosity changes 

in lipid droplets. The absorption peak of the probe in methanol is at 644 

nm, the emission peak is at 704 nm, the absorption peak in glycerol is at 

680 nm, and the emission peak is at 719 nm, and the fluorescence 

intensity is increased by 13.77 times. Although NLV-1 can target lipid 

droplets in cells, NLV-1 will only fluoresce when the lipid droplet 

environment viscosity increases after treatment with a viscosity modifier. 

This property is indeed useful for studying the viscosity changes of lipid 

droplets, but it is unrealistic to use NLV-1 as a lipid droplet label under 



 

physiological conditions. 

1.4 The research significance and work of this course 

LDs are generally considered to be organelles with extremely low 

water content and high viscosity. It is closely related to human diseases 

such as obesity, diabetes, and cancer. Cancer cells are abnormal and the 

lipid droplets in the cell will increase. Therefore, we have developed four 

probes for detecting lipid droplets and used to identify the lipid droplets 

in cancer cells. 

1. simple coumarin-substituted p-nitrostyrylacetonitrile as a potential 

new organic biological probe for imaging lipid droplets. In addition, the 

donor-acceptor structural framework separated by styrene bridges also 

produced a relatively significant Stokes shift. This sensitive probe shows 

advantageous advantages, including large Stokes shift (over 100 nm), 

good selectivity, low biological toxicity, and LDs specificity. In addition, 

the biological probe Cou-LDs can also mark the distribution of LDs in 

live zebrafish, which can be used for cancer imaging. 

2. Two new probes, LDP-1 and LDP-2, were synthesized, which 

showed large Stokes shifts of 4758 cm-1 and 3986 cm-1, respectively. 

These two probes emit strongly in hydrophobic and high-viscosity 

environments. In addition, the biological probes LDP-1 and LDP-2 

exhibit low biological toxicity and good selectivity. These two probes are 



 

also suitable for selectively monitoring the distribution of LDs in live 

HeLa cells, successfully identifying lipid droplets in cancer cells. 

3. We have developed a new type of fluorescent chemical sensor that 

can effectively label intracellular lipid droplets. Interestingly, due to the 

reasonable design of the molecular structure of the probe ATOP-LD, it 

also exhibits polarity-sensitive properties, and it has strong electron-

donating and electron-withdrawing groups. In addition, the probe itself 

has excellent anti-interference, pH stability and low biological toxicity, and 

has been successfully applied to cell imaging and zebrafish imaging. 

  



 

SECTION 2. A novel lipid droplets-specific fluorescence bio-probe 

with excellent photostability and large Stokes shift for imaging in 

living cells and zebrafish 

2.1 Introduction 

Lipid droplets (LDs) are highly dynamic spherical organelles with 

diameters ranging from 40 nm to 100μm, which can be found in most 

eukaryotic cells.[59]They mainly consist of a phospholipid monolayer 

and neutral lipids. [60] LDs are not only related to the storage of lipids, 

[61] but also play pivotal roles in energy homeostasis,[62]membrane 

trafficking, [63] protein storage, [64]and preventing lipo-toxicity and 

apoptosis. Moreover, the abnormity of LDs is strongly relative to various 

diseases, includingobesity,[65] neurodegeneration,[66] lipoatrophic 

diabetes, [67] atherosclerosis, and so on. More importantly,recent studies 

have shown that the number, size, andcomposition of LDs could be used 

as cancer markers. [68] Hence, monitoring LDs is highly important to 

understand the biological properties of lipid droplets, and early diagnosis 

of some diseases, which is beneficial for protecting people's health. 

So far, many techniques have been reported for imaging LDs, 

including the immunohistochemistry of LD-associated membrane 

proteins [69],the Raman microscopy [70], the NMR spectrum [71], 

transmission electron microscopy (TEM) and the spectrally resolved 



 

fluorescence lifetime measure-ments [72,73]. Compared with the above 

method, Fluorescence imaging has significant advantages like high 

sensitivity, high spatialresolution, easy operation, and low cost. [74,75] 

So far, a quite number of fluorescent probes have been reported for LDs-

specific imaging. For example, BODIPY 493/503 [76] and Nile Red [77] 

are commonly used two commercial markers for LDs’ detection that 

show some limitations such as short Stokes shift [78] and poor 

photostability [79], respectively. Specifically, LD-targeting fluorescent 

probes have been developed and demonstrated as effective tools for the 

visualization of the dynamic morphology of LDs and their related 

activities in real time in vitro. To date, both intramolecular charge transfer 

(ICT) and aggregation-induced emission (AIE) fluorescence mechanisms 

have been exploited to create LD probes[80-95]. In general, for ICT 

fluorescent probes, blue shifts in the fluorescence emission maxima and 

increases in fluorescence emission intensities are seen in non-polar 

environments. This promising attribute makes imaging agents based on 

ICT mechanisms significantly brighter when they are localized within the 

neutral lipid core of LDs, thus minimalizing interference from 

background fluorescence. Despite this recent recognition of the 

importance of LDsand the emerging correlations between LDs and 

metabolic diseasesand cancer, many fundamental questions still remain 

unanswered. Despite the progress made in understanding the role of LDs, 



 

a number of fundamental questions remainunanswered. Therefore, it is of 

great significance to develop a lipid droplet-specific fluorescent 

biological probe based on the ICT mechanism with large Stokes shifts 

and good photostability. 

In this report, we proposed a simple coumarin-substituted p-

nitrostyrylacetonitrile as potential molecules Cou-LDsfor imaging lipid 

droplets. The fluorophore coumarin was widely used in the field of 

biological imaging due to the high fluorescence quantum yield and 

excellent photostability. And the presence of diethylamino electron 

donating groups helps in shiftingthe intramolecular charge transfer bands 

to the red-wavelength regions. Further, the donor acceptorstructural 

framework separated by the styryl bridge also yields a relatively 

significant Stokes shift. In addition, ICT-based platforms typically display 

good photostability, permitting both real-time tracking of LDs and their 

interactions with other organelles to be readily monitored. 

 

2.2 Synthesis of probes 

2.2.1 Reagent 

 

 Short name Name Supplier 

DCM Dichloromethane 
Damao Chemical Reagent 

Factory 



 

THF Tetrahydrofuran 
Damao Chemical Reagent 

Factory 

EtOAC ethyl acetate 
Damao Chemical Reagent 

Factory 

EtOH Etanol 
Damao Chemical Reagent 

Factory 

CH3CN Acetonitrile 
Damao Chemical Reagent 

Factory 

DMSO Dimethyl Sulfoxide 
Damao Chemical Reagent 

Factory 

DMF N,N-DiMethylforMaMide 
Damao Chemical Reagent 

Factory 

Arg L-Arginine J&K Scientific 

Cys L-Cysteine J&K Scientific 

Ser L-Serine J&K Scientific 

GSH L-Glutathione Energy Chemical 

Pip Piperidine Energy Chemical 

2.2.2 Materials 

Unless other noted, all the solvents, reagents and materials were 

obtained from commercial companies and used without other purification. 

Twice-distilled water was applied to all measurements and experiments. 

NMR spectra were examined from AVANCE III 400 MHz Digital NMR 

Spectrometer with TMS as an internal standard; Electronic absorption 

spectra were recorded on a LabTech UV Power spectrometer; 

Fluorescence spectra were obtained with a HITACHI F4600 fluorescence 

spectrophotometer; The fluorescence images of cells were obtained with 

Nikon A1MP confocal microscopy with a CCD camera; The pH 



 

measurements were implemented on a Mettler-Toledo Delta 320 pH 

meter; analysis was exhibited on silica gel plates and column 

chromatography was carried out over silica gel (mesh 200-300). Both 

TLC and silica gel were purchased from the Qingdao Ocean Chemicals. 

2.2.3 Synthesis of probe Cou-LDs 

Synthesis of compound 2 

The mixture of diethyl malonate (1.60 g, 10 mmol), 4-

(diethylamino)-2-hydroxybenzaldehyde (1.93 g, 10 mmol), anhydrous 

ethanol (15 mL) and piperidine (0.25 g, 3 mmol) was reacted at reflux 

under nitrogen for 6 h. After the reaction, the remaining solvent was 

removed by evaporation under reduced pressure. Then 30 mL of the 

mixed solution HCl/glacial acetic acid (1:1, v/v) was added to the 

reaction system at 120°C and the reaction was continued for 7 h. After the 

reaction, the resulting mixture was poured into 40 mL of deionized water 

and the pH was adjusted to neutral with 40 % sodium hydroxide solution 

and a dark brown precipitate was produced. The precipitate was filtered 

and washed several times with water and ethanol to obtain the target 

product (1.98 g, 91 %). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 9.3 

Hz, 1H), 7.24 (d, J = 8.8 Hz, 1H), 6.56 (d, J = 8.8 Hz, 1H), 6.46 (s, 1H), 

6.02 (d, J = 9.3 Hz, 1H), 3.40 (q, J = 7.2 Hz, 4H), 1.20 (t, J = 7.2 Hz, 6H). 

Synthesis of compound 3  



 

DMF (1 mL) was added to the dry eggplant bottle after three cycles of 

vacuum and nitrogen filling, POCl3 (1.61 g, 10.5 mmol) dissolved in 

DMF (1 mL) was slowly added to the eggplant bottle with a syringe and 

stirred for 45 min at 50 °C. Compound 2 (0.76 g, 3.5 mmol) was 

dissolved in DMF (5 mL) and added to the above mixed system and 

stirred for 2 h at 60 °C. After the reaction, the mixture was slowly poured 

into 100 mL of ice water and the pH was adjusted to neutral with 20% 

NaOH. The precipitate was filtered and washed several times with 

deionized water and anhydrous ethanol to obtain a yellow solid powder 

with the yield of 81 %. 1H NMR (400 MHz, CDCl3) δ 10.13 (s, 1H), 

8.26 (s, 1H), 7.43 (d, J = 9.0 Hz, 1H), 6.68 (dd, J = 9.0, 2.6 Hz, 1H), 6.53 

(d, J = 2.7 Hz, 1H), 3.48 (q, J = 7.1 Hz, 4H), 1.26 (t, J = 7.2 Hz, 6H). 

Systhesis of Probe Cou-LDs 

Compound 3 (0.20 mmol, 49.1mg), piperidine (5.0 mg, 0.06 mmol), 

and p-nitrobenzene acetonitrile (0.20 mmol, 32.4mg) were dissolved in 

ethanol (2.0 mL) into a 10 mL reaction tube in turn and stirred at 25°C for 

24 hours. The crude product was purified by column chromatography 

(petroleum ether: ethyl acetate = 5:1) to obtain Cou-LDs of the product 

(83 % yield, orange red solid, 57.4 mg).1H NMR (400 MHz, CDCl3) δ 

8.82 (1 H, s), 8.28 (2 H, d, J = 8.1), 8.06 (1 H, s), 7.84 (2 H, d, J = 8.2), 

7.44 (1 H, d, J = 8.8), 6.66 (1 H, d, J = 8.3), 6.48 (1 H, d, J = 19.2), 3.49 

(4 H, d, J = 6.8), 1.27 (6 H, t, J = 6.5). 



 

 

Scheme 2.1. Synthesis of probe Cou-LDs. 

2.2.4 Probe design 

As a donor (D)-π-acceptor (A) organic molecule, probe Cou-LDs 

with diethyldiamino as a strong electron-donating group was designed for 

argeting LDs. The presence of diethylamino electron donating groups 

helps in shiftingthe intramolecular charge transfer bands to the red-

wavelength regions. Further, the donor acceptorstructural framework 

separated by the styryl bridge also yields a relatively significantStokes 

shift. Aditionally, due to the ICT effect, designed probe Cou-LDs 

exhibited strong fluorescent intensity with hydrophobic nature for 

monitoring LDs. 



 

2.3 Result and Discussion 

2.3.1 General procedure for analysis 

Parent stock solution of the fluorescent probe Cou-LDs (1.0 mM) 

wasprepared in absolute DMSO 20.0 μL of stock solution was transferred 

into atest tube, and then diluted to 2.0 mL with the mixture of organic 

solvent. All spectra were obtained in a quartzcuvette (path length = 1 cm). 

The solutions of Na+, Zn2+, Al3+, and Ca2+were prepared from their 

chloride salts. Hypochlorous acid (HClO) and Hydrogen peroxide (H2O2) 

was provided from its commercially available 30% aqueous solution to 

afford the desired concentration.Cysteine (Cys) and glutathione (GSH) 

were prepared by dissolving thecorresponding solid in ultrapure water. 

PBS solution was prepared withNa2HPO4and KH2PO4, and adjusted to 

pH 7.4. 

2.3.2 Cell culture and cytotoxicity assays 

HeLa cells were provided by Jiangsu Kaiji Biotechnology Co., Ltd. 

The living HeLa cells were cultured in the Dulbecco’s modified Eagle’s 

medium (DMEM) supplemented with fetal bovine serum (10% FBS) 

under the atmosphere containing 5% CO2 and 95% air at 37 °C. The 

cytotoxic effects of the probe (Cou-LDs) were tested by the MTT assay. 

The living cells line were treated in DMEM (Dulbecco’s Modified Eagle 



 

Medium) supplied with fetal bovine serum (10%, FBS), penicillin (100 

U/mL) and streptomycin (100 μg/mL) under the atmosphere of CO2 (5%) 

and air (95%) at 37 °C. The HeLa cells were then seeded into 96-well 

plates, and 0, 5, 10, 20, 30, 40 μM (final concentration) of the probe 

(Cou-LDs) (99.9% DMEM and 0.1% DMSO) were added respectively. 

Subsequently, the cells were cultured at 37 °C in an atmosphere of CO2 

(5%) and air (95%) for 24 hours. Then the HeLa cells were washed with 

PBS buffer, and DMEM medium (500 μL) was added. Next, MTT (50 μL, 

5 mg/mL) was injected to every well and incubated for 4 h. Violet 

formazan was treated with sodium dodecyl sulfate solution (500 μL) in 

the H2O-DMF mixture. Absorbance of the solution was measured at 570 

nm by the way of a microplate reader. The cell viability was determined 

by assuming 100% cell viability for cells without Cou-LDs. 

2.3.3 Imaging of Lipid droplets in HeLa cells 

HeLa cells were grown in modified Eagle’s medium (MEM) 

replenished with 10% FBS with the atmosphere of 5% CO2 and 95% air 

at 37 °C for 24 h. For fluorescence imaging experiments, the cells were 

divided into two samples; one was incubated with the probe Cou-LDs (10 

μM) and BODIPY493/503 (10 μM) for 30 min. All HeLa cells were 

washed three times with PBS buffer after incubation. The experiments of 

cell imaging were acquired with a Nikon A1MP confocal microscopy 



 

with the equipment of a CCD camera. Cell images were collected from 

green and red channel. 

2.3.4 Photophysical properties of the probe in different solvents 

The absorption and emission spectra of probe Cou-LDs in different 

solvents including ethyl acetate (EtOAc), acetone, tetrahydrofuran (THF), 

PBS buffers (pH = 7.4), ethanol (EtOH), d imethyl sulfoxide (DMSO), 

N,N-dimethylformamide (DMF), methanol (CH3OH), acetonitrile 

(CH3CN), were depicted in Fig. 2.1. The absorption spectra of probe 

Cou-LDs exhibited a small shift in organic solvents around at 500 nm 

with almost same absorption intensity (Fig. 1a)). On the contrary, Cou-

LDs exhibited the large emission shift of around 45 nm from THF to 

DMSO (Fig. 1b)). Simultaneously, the emission spectra of probe Cou-

LDs showed an increasing fluorescence intensity in liposoluble solvents 

especially in EtOAc and THF. there is largest decrease amolst 34-fold in 

the emission intensity by increasing the solvent polarity (Fig. 2.1b)). The 

resluts indicated that the photophysical properties of Cou-LDs are related 

to the solvent polarity so the probe Cou-LDs could be applied for 

monitoring LDs in living cells. 



 

 

Figure 2.1. The absorbance and fluorescence spectra of probe Cou-LDs (10 μM) in 

different solvents. 

2.3.5 Fluorescence spectra of probe Cou-LDs in different ratio of 

EtOAc and MeOH 

In order to verify the solvent effect on optical properties of probe 

Cou-LDs, different concentration of EtOAc in MeOH were applied for 

this research, which were depicted in Fig. 2.2. The result showed that 

when the concentration of EtOAc increased from 0 to 100%, the 

fluorescence intensity was increased almost 11-fold exhibiting a slight 

blue shift from 620 nm to 600 nm with large Stokes shift (100 nm) using 

the excitation wavelength at 500 nm. The phenomenon of obvious 

emission enhancement indicated that probe Cou-LDs was suitable for 

detecting LDs. 



 

 

Figure 2.2. The fluorescence spectra of probe Cou-LDs (10 μM) in different ratios of 

EtOAc/MeOH.  

2.3.6 Fluorescence spectra of probe Cou-LDs response to viscosity 

Viscosity is an important physicochemical parameterand many 

physiological diseases are related to the alterationof the viscosity in the 

local environment, such as hypercholesterolemia, atherosclerosis, cell 

malignancy and diabetes.To confirm the fluorescence response of probe 

Cou-LDs could response to the viscosity, the fluorescence spectra of 

probe Cou-LDs were examined in a methanol−glycerol system. As the 

viscosity increased from 1.53 cp (100% methanol) to 614 cp (100% 

glycerol), the fluorescence intensity at 600 nm of probe Cou-LDs 

increased dramaticly (Fig. 2.3). The results indicate that the probe Cou-

LDs also could to monitor viscosity. 



 

 

Figure 2.3. The fluorescence spectra of probe Cou-LDs (10 μM) in different ratios of 

Methanol /Glycerol.  

2.3.7 The selectivity of probe Cou-LDs 

Other than complex pH environment, intracellular 

microenvironments also contain numerous biologically relevant cations, 

anions, reactive sulfur species (RSS) and reactive oxygen species (ROS), 

which could affect the performance of fluorescent probe. As showed in 

Figure 4, the fluorescence intensity at 600 nm of the probe Cou-LDs (10 

µM) has no obvious change when the system was added different 

interfering species, which indicate the anti-interference performance of 

the probe Cou-LDs is excellent. These above results demonstrate that the 

probe Cou-LDs is stable in complex physiological environments and 

which is benifical for cell imgaging.  



 

 

Figure 2.4. The fluorescence spectra of probe Cou-LDs (10 μM) in PBS solution in 

the presence ofdifferent interfering species (500 μM) (1: blank; 2: TBHP; 3: Na+; 4: 

Cl-; 5: HCO3
-; 6: Cys; 7: GSH; 8: HSO3

-; 9: ClO-; 10: NO2-; 11: CO3
2-;12: SO4

2-; 13: 

H2O2; 14: Ca2+;15: Toluene) 

2.3.8 The MTT and co-localization fluorescence imaging in HeLa 

cells of probe Cou-LDs 

The first step for cell imaging with probe Cou-LDs was verify the 

biological toxicity. The MTT assay was establised for the cytotoxicity test 

in living HeLa cells. The test indicated that the survial rate of HeLa cells 

incubated with probe Cou-LDs for 24 h was more than 90% exhibiting 

low biological toxicity, which showed that probe Cou-LDs could be an 

practical tool for LDs marking under complex biological environment. 



 

Subsequently, the co-localization fluorescence imaging of probe Cou-LDs 

was completed in living HeLa cells compared with the commercial 

organic dye BODIPY493/503 due to their different emission wavelength. 

We found that green fluorescence imaging was conducted by probe Cou-

LDs (Fig. 2.5)). The merged imaging was also shown in Fig. 2.5). 

Moreover, the parameters of co-localization imag was obviouly depcited 

indicating that the red and green channel was overlapped largely with 

pearson correlation coefficient up to 0.91. All the excellent results 

indicate that this novel probe Cou-LDs can be used for LDs marker in 

living biosamples specificaly. 

 

Figure 2.5. Cytotoxicity assays of probe Cou-LDs at different concentrations (0 μΜ; 

2μΜ; 5 μΜ; 10 μΜ; 20 μΜ; 30 μΜ) for HeLa cells 



 

2.4 Conclusion 

In summary, a novel organic bio-probe Cou-LDs was designed and 

constructed for LDs cell imaging with much more hydrophobic and 

viscous environment compared to cytosol. The presence of diethylamino 

electron donating groups helps in shiftingthe intramolecular charge 

transfer bands to the red-wavelength regions. Further, the donor 

acceptorstructural framework separated by the styryl bridge also yields a 

relatively significantStokes shift. This ideal probe exhibited favorable 

merits including large Stokes shift (over 100 nm), good selectivity, low 

biological toxicity, and LDs-specificity. Furthermore, the bio-probe Cou-

LDs could also marking LDs distribution in living zebrafish, which may 

be suitable for studying some physiological processes. Further 

applications of this bio-probe for the investigation of the physiological 

processes are under progress. 

  



 

SECTION 3. Two reasonably designed polarity-viscosity sensitive 

fluorescent probes with large Stokes shift for lighting up lipid 

droplets in cells 

3.1 Introduction 

Lipid droplets (LDs) are dynamic organelles in cells existing in 

almost all organisms [96-97]. The interior of LDsare mainly composed 

ofhydrophobic lipids [98]. LDs play a very important role in biological 

activity, which can maintain some basic cell activity balance including 

cell energy balance and metabolic balance. LDs can be used for assisting 

intracellular protein transport and maturation [99]. Therefore, abnormal 

concentration of LDs are often associated with a series of diseases [100]. 

When the concentration of LDs in neurons or glial cells increased, it was 

usually accompanied by the problem of neurodegeneration.[101-102]In 

addition, researchers found that abnormal metabolism of LDs were often 

closely related to cancer, diabetes, obesity, virus proliferation and other 

diseases[103-105]. Therefore, it is very necessary to study LDs in cells. 

LDs are usually in the range of half a micron to tens of microns in 

size, so they can be easily detected by TEM. But the dynamic changes of 

LDs in living cells can not be observed.[106] Fluorescence imaging 

technology provides an ideal solution for studying the activity of LDs. 

Since Fowler and co-workers first reported Nile Red,12 many probes 



 

have appeared to detect LDs in living cells.[107-113] However, the 

present fluorescent probes still have some shortcomings, such as too 

complicated synthesis route, short emission wavelengths, background 

interference etc.[114-115] The background interference of probe in 

biological imaging is mainly caused by small Stokes shift.[116] Most of 

the known probes are visible light emitting fluorescent probes, but some 

natural biomolecules can produce autofluorescence below 630 nm. In 

order to avoid background interference, it is necessary to develop LDs 

probes with emission wavelength exceeding 630 nm.[117] In addition, 

LDs exist in hydrophobic and high viscosity environments, so as long as 

the probe exhibits the characteristics for distinguishing the two 

characteristics, which could be used as an LDs probe.[118-119] Therefore, 

it is very meaningful for developing a probe exhibiting large stokes shift 

to sense LDs. 

In this chapter, two novel bio-probes (LDP-1 and LDP-2) ere 

synthesized by simple methods. The two probes couldsense the 

hydrophobic and high viscosity environment at the same time. The 

experimental results showed that LDP-1 and LDP-2 exhibited significant 

polarity sensitivity and strong emission at high viscosity.[120-125] The 

two probes also exhibited large Stokes shifts of 4758 cm–1 and 3986 cm–

1 respectively, excellent selectivity, and low biological toxicity. 

Furthermore, the Pearson's correlation were as high as 0.97 and 0.89 by 



 

co-localization experiments, which indicated that the two probes could 

also selectively sense LDs in HeLa cells. 

3.2 Synthesis of probes 

3.2.1 Reagent 

 Short name Name Supplier 

DCM Dichloromethane Damao Chemical 

Reagent Factory 

THF Tetrahydrofuran 
Damao Chemical 

Reagent Factory 

EtOAC ethyl acetate 
Damao Chemical 

Reagent Factory 

EtOH Etanol 
Damao Chemical 

Reagent Factory 

CH3CN Acetonitrile 
Damao Chemical 

Reagent Factory 

DMSO Dimethyl Sulfoxide 
Damao Chemical 

Reagent Factory 

DMF N,N-DiMethylforMaMide 
Damao Chemical 

Reagent Factory 

Arg L-Arginine J&K Scientific 

Cys L-Cysteine J&K Scientific 

Ser L-Serine J&K Scientific 

GSH L-Glutathione Energy Chemical 

Pip Piperidine Energy Chemical 



 

3.2.2 Materials 

The 1H NMR and 13C NMR spectrums were obtained from INOVA-

400 MHz nuclear magnetic resonance instruments, respectively.High-

resolution electrospray mass spectra (HRMS) were obtained from Bruker 

APEX IV-FTMS 7.0T mass spectrometer. All the UV–vis absorption 

spectra and emission spectra were obtained from Shimadzu UV-1800 

spectrometer and Shimadzu RF-5301PC spectroscope respectively. The 

fluorescence images of cells were obtained with Nikon A1MP confocal 

microscopy with a CCD camera, Both TLC and silica gel were purchased 

from the Qingdao Ocean Chemicals. 

3.2.3 Synthesis of probes 

Synthesis of probe (E)-2-(3-(2-(7-(diethylamino)-2-oxo-2H-

chromen-3-yl)vinyl)-5,5-dimethylcyclohex-2-en-1-ylidene)malononitrile 

(LDP-1) 

As described in Scheme 2, LDP-1 was synthesized in a simple way. 

According to the existing literature, compound 1 was synthesized.[126] 

The compound 1 (490.3 mg, 2.00 mmol) was dissolved in acetonitrile (10 

ml). The compound 2 (391.2 mg, 2.10 mmol) and piperidine (20 L, 0.20 

mmol) was added to acetonitrile. After were refluxed at 115 ℃ for 8 h, 

the solution were filtered. Probe LDP-1 (708.0 mg) was obtained in yield 

of 86 %. 1H NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.32 (d, J = 8.9 Hz, 



 

1H), 7.26 (s, 1H), 7.22 (s, 1H), 7.12 (d, J = 16.1 Hz, 1H), 6.83 (s, 1H), 

6.70 – 6.58 (m, 1H), 6.51 (s, 1H), 3.45 (q, J = 7.0 Hz, 4H), 2.58 (s, 2H), 

2.46 (s, 2H), 1.24 (t, J = 7.1 Hz, 7H), 1.06 (s, 6H). 13C NMR (100 MHz, 

CDCl3): δ 168.9, 160.9, 156.7, 154.2, 151.7, 140.5, 131.6, 129.8, 129.4, 

123.3, 115.8, 113.8, 112.9, 109.7, 109.1, 97.2, 45.1, 42.9, 39.1, 31.9, 27.9, 

12.3; HRMS (ESI): calcd for C26H27N3O2 [M+H]+ 414.2170, found 

414.2176 (Fig.S1, S2, S3). 

Synthesis of probe (E)-2-(3-(4-(diethylamino)styryl)-5,5-

dimethylcyclohex-2-en-1-ylidene)malononitrile (LDP-2) 

As described in Scheme 2, LDP-2was synthesized in a simple way. 

Thecompound 3 (177.3 mg, 1.00 mmol) was dissolved in acetonitrile(5 

mL). The compound 2 (195.6 mg, 1.05 mmol) and piperidine (10 mL, 

0.10 mmol) were added. Reflux at 40 ℃ for 8 h under N2 protection. 

After the reaction completed, decompression concentration. The crude 

product were purified by column chromatography on silica gel 

(EtOAC/PE, 1/2) to afford probe LDP-2 (250.0 mg) in yield of 73 %. 1H 

NMR (400 MHz, CDCl3) δ 7.79 (s, 1H), 7.32 (d, J = 8.9 Hz, 1H), 7.22 (s, 

1H), 7.12 (d, J = 16.1 Hz, 1H), 6.83 (s, 1H), 6.70–6.58 (m, 1H), 6.51 (s, 

1H), 3.45 (q, J = 7.0 Hz, 4H), 2.58 (s, 2H), 2.46 (s, 2H), 1.24 (t, J = 7.1 

Hz, 7H), 1.06 (s, 6H). 13C NMR (100 MHz, CDCl3): δ 169.2, 155.5, 

149.2, 138.4, 129.8, 123.7, 122.8, 121.1, 114.4, 113.6, 111.5, 44.5, 43.0, 

39.2, 31.9, 28.0, 12.7; HRMS (ESI): calcd for C23H27N3 [M+H]+ 



 

346.2271, found 346.2278 (Fig.S4, S5, S6). 

 

Scheme 3.1. Synthesis of LDP-1 andLDP-2 

3.2.4 Probe design 

As described above, LDs are accompanied by a unique 

environment, namely high viscosity and nonpolarity. On this basis, two 

fluorescent probes with D-π-A structure were designed and 

constructed.In order for the probe to better respond to polarity and 

viscosity. The group of N,N-diethyl as strong electron donor and 

dicyanomethyl isophorone as strong electron acceptor were used for 

construction of probes LDP-1 and LDP-2 [127-128]. Fluorescent probes 

based on intramolecular charge transfer (ICT) mechanism were widely 

used as detection mechanism. ICT effect refers to the process in which 

molecules with push-pull electronic structure undergo intramolecular 

charge transfer in excited state, which leads to the separation of positive 

and negative charges in molecules. Due to that characteristic of ICT, the 

probe would show strong emission behavior sensitive to polarity (red 

shift or blue shift) [129]. In addition, the rotation behavior around the 



 

double C=C bond will hinder the fluorescence emission of the probe[130-

131]. The emission of the probe in a high viscosity environment was 

stronger than that in a low viscosity.  

 

3.3 Result and Discussion 

3.3.1 General procedure for analysis 

Parent stock solution of the fluorescent probe LDP-1 and LDP-2 

(1.0 mM) wasprepared in absolute DMSO 20.0 μL of stock solution 

was transferred into atest tube, and then diluted to 2.0 mL with the 

mixture of organic solvent. All spectra were obtained in a 

quartzcuvette (path length = 1 cm). 

The solutions of K+, Zn2+, Al3+, Cu2+, Fe3+andwere prepared 

from their chloride salts. Hydrogen peroxide (H2O2) was provided 

from its commercially available 30% aqueous solution to afford the 

desired concentration.Cysteine (Cys) and glutathione (GSH) and L-

Serine (Ser) and L-Arginine (Arg) were prepared by dissolving 

thecorresponding solid in ultrapure water. PBS solution was prepared 

withNa2HPO4and KH2PO4, and adjusted to pH 7.4. 

3.3.2 Cell culture and cytotoxicity assays 

Hela cells were provided by Jiangsu Kaiji Biotechnology Co., 

Ltd. The living HeLa cells were cultured in the Dulbecco’s modified 

Eagle’s medium (DMEM) supplemented with fetal bovine serum (10% 



 

FBS) under the atmosphere containing 5% CO2 and 95% air at 37 °C. 

The cytotoxic effects of the probe (LDP-1 and LDP-2) were tested by 

the MTT assay. The living cells line were treated in DMEM 

(Dulbecco’s Modified Eagle Medium) supplied with fetal bovine 

serum (10%, FBS), penicillin (100 U/mL) and streptomycin (100 

μg/mL) under the atmosphere of CO2 (5%) and air (95%) at 37 °C. 

The HeLa cells were then seeded into 96-well plates, and 0, 5, 10, 20, 

30, 40 μM (final concentration) of the probe (LDP-1 and LDP-2) 

(99.9% DMEM and 0.1% DMSO) were added respectively. 

Subsequently, the cells were cultured at 37 °C in an atmosphere of 

CO2 (5%) and air (95%) for 24 hours. Then the HeLa cells were 

washed with PBS buffer, and DMEM medium (500 μL) was added. 

Next, MTT (50 μL, 5 mg/mL) was injected to every well and 

incubated for 4 h. Violet formazan was treated with sodium dodecyl 

sulfate solution (500 μL) in the H2O-DMF mixture. Absorbance of 

the solution was measured at 570 nm by the way of a microplate 

reader. The cell viability was determined by assuming 100% cell 

viability for cells without LDP-1 or LDP-2. 

3.3.3 Imaging of lipid droplets in HeLa cells 

HeLa cells were grown in modified Eagle’s medium (MEM) 

replenished with 10% FBS with the atmosphere of 5% CO2 and 95% 

air at 37 °C for 24 h. For fluorescence imaging experiments, the cells 



 

were divided into two samples; one was incubated with the LDP 

probe (10 μM) and BODIPY493/503 (10 μM) for 30 min. All HeLa 

cells were washed three times with PBS buffer after incubation. The 

experiments of cell imaging were acquired with a Nikon A1MP 

confocal microscopy with the equipment of a CCD camera. Cell 

images were collected from green and red channel. 

3.3.4 Photophysical properties of the probe in different solvents 

Transfer 20.0 μL of the stock solution to a test tube, and then 

dilute it to 2.0 mL with organic solvent mixture. As shown in the 

Figure3.1, we tested the absorption and emission of the probe in a 

series of different solvents. The absorption of the two probes in 

different solvents did not change much, but the maximum emission 

wavelength were obviously red shifted. The maximum emission 

wavelength of probe LDP-1 in Dioxanewas 625 nm, while the 

maximum emission wavelength in DMSO was redshifted to 710 nm. 

The same is true. The maximum emission wavelength of probe LDP-2 

in Dioxanewas 615 nm, while the maximum emission wavelength in 

DMSO was redshifted to 695 nm. The maximum emission 

wavelengths of LDP-1 and LDP-2 showed red shifts of 85 nm and 80 

nm with the increase of polarity. In addition, from the photos taken, 

we could clearly observe the discoloration behavior of solvents 



 

(Fig.3.1). With the increase of the polarity of the solvent, the color of 

the two probes gradually turns red. 

 

Figure 3.1. (a) Absorption and (b) fluorescence spectra of LDP-1 (10 µM, ex

＝520nm). (c) Absorption and (d) fluorescence spectra of LDP-2 (10 µM, ex＝

530nm) in various solvents  

The maximum absorption wavelength of LDP-1 in acetonitrile is 

520 nm and the maximum emission wavelength is 691 nm. The 

maximum absorption wavelength of LDP-2 in acetonitrile is 533 nm 

and the maximum emission wavelength is 672 nm. According to the 

experiment results, we found that LDP-1 and LDP-2 all exhitbited 

large Stoke shifts (170 nm and 140 nm) (Table 3.1, Table 3.2, Fig.3.1). 

Then, we associated the maximum emission wavelength with the 

ET(30) value of the solvent to obtain the relationship between them. 



 

ET(30) is a solvent polarity parameter representing solute-solvent 

interactions at the microscopic level.[132-135]Generally, the greater 

the polarity of solvent, the greater the ET (30) value.On the whole, 

with the increase of ET(30), the maximum emission wavelengths of 

both probes tended to increase.(Fig.3.2). This indicated that the 

effectof red shift with the increase of solvent polarity was showed. To 

further verify that the probes were sensitive to the polarity, we related 

the emission behavior of the probes to the dielectric constant of the 

solvents. (Fig. 3.3). Generally speaking, the dielectric constant 

increases as the polarity increases. The maximum emission 

wavelength was directly proportional to the dielectric constant of the 

solvents (R2＞0.95). The above results showed that LDP-1 and LDP-

2 were sensitive to polarity. 

Finally, we calculated the HOMO and LUMO distributions of 

probes (calculated by Gaussian '09) (Figure3.4). According to the 

calculation results, the HOMO was localized in the N,N-diethyl group 

and coumarin or benzene ring spacer, the LUMO was localized to the 

dicyanomethylideneisophorone group. The HOMO and LUMO 

energy gaps of the two probes were 2.7 eV (LDP-2) and 2.5 eV (LDP-

1). This proves the characteristics of intramolecular charge transfer 

(ICT) of probes LDP-1 and LDP-2. 



 

 

Figure3.2. Plot of the maximum emission wavelength of (a).LDP-1and (b).LDP-2 

depending on the ET(30). 

Table 3.1.Photophysical properties of theprobeLDP-1 in different solvents. 

LDP-1 Dioxane Toluene THF DCM Acetone EtOH CH3CN DMSO 

λem (nm) 634 632 642 647 669 677 691 708 

λabs (nm) 503 510 514 513 509 508 520 531 

ET(30)a 36 33.9 37.4 40.7 42.2 51.9 45.6 45.1 

Dielectric 

constant (ε)
b 

2.25 2.38 7.58 8.93 20.7 24.8 37.5 46.7 

Stokes shift 131 122 128 134 160 169 171 177 

aET(30) of each solvent was collected from the reference.[136]bThe data was collected from the reference.[137] 

 

Table 3.2. Photophysical properties of theprobeLDP-2 in different solvents. 

LDP-2 Dioxane Toluene THF DCM Acetone EtOH CH3CN DMSO 

λem (nm) 621 623 632 638 653 660 672 687 

λabs (nm) 522 510 537 522 516 542 533 563 

ET(30)a 36 33.9 37.4 40.7 42.2 51.9 45.6 45.1 

Dielectric 

constant (ε)
b 

2.25 2.38 7.58 8.93 20.7 24.8 37.5 46.7 

Stokes shift 99 113 95 116 137 118 139 124 

aET(30) of each solvent was collected from the reference.[136]bThe data was collected from the reference.[137] 



 

 

Figure 3.3.Plot of the maximum emission wavelength of (a).LDP-1 and(b).LDP-2 

depending on the dielectric constant (ε) of the solvents. 

 

Figure3.4. Frontier molecular orbitals of the probe (a) LDP-1, (b) LDP-2 calculated with 

Gaussian’09 using hybrid B3LYP functional and 6-31 G(d,p) basis set. 

3.3.5 Emission behavior of theprobe in PBS and CH3CN 

LDs contains almost no water, so as to store triglycerides and 

cholesterol esters more efficiently in the neutral core which provides a 

scheme for labeling LDs. The emission behavior of the probes in 

PBS-CH3CN mixed solvents with different volume ratios were tested. 



 

(Figure 3.5a-3.5b). Transfer 20.0 μL of the stock solution to a test tube, 

and then dilute it to 2.0 mL with PBS-CH3CN mixture. According to 

the experimental data, we found that with the decrease of water 

content in the mixed solvent, the emission intensity gradually 

increased (Figure 3.5c-3.5d). From the figure, we can observe that the 

fluorescence intensity of the probe in acetonitrile is 150 times stronger 

than that in water. The result may be due to the formation of 

aggregates.[138-139] The relation between fluorescence emission 

intensity and probe concentration was studied (Figure 3.6). If the 

solubility is good, the fluorescence intensity will increase with the 

increase of concentration. From the detection results, we can see that 

when the concentration is lower than 100 μM, the fluorescence 

intensity does increase with the increase of the concentration, but once 

the concentration is higher than 100 μM, the fluorescence becomes 

weaker.Then, we proceeded to examine the particle size distribution 

of the probes in CH3CN and CH3CN-PBS (1/9) (Figure 3.7). We 

found that when the content of PBS were 0 % and 90 %, the particle 

size waschanged significantly. That is to say, the aggregation of probe 

LDP-1 and LDP-2 in CH3CN-PBS (1/9) was occured clearly. 



 

 

Figure 3.5. Fluorescence emission spectra of (a) LDP-1 (10 µM, λex= 520 nm).(b) 

LDP-2 (10 µM, λex= 530 nm) in varying concentrations of CH3CN in PBS. 

Relative maximum intensity of (c) LDP-1 (d) LDP-2. I0 is the fluorescence 

intensity of the probe in water. 

 

Figure3.6. Therelationship between maximum fluorescence emission intensity and probe 

concentration in CH3CN. 



 

 

Figure 3.7. (a) particle size distribution of LDP-1 (10 µM) in CH3CN. (b) particle 

size distribution of LDP-1 (10 µM) in mixture of PBS and CH3CN (9/1). (c) 

particle size distribution of LDP-2 (10 µM) in CH3CN. (d) particle size 

distribution of LDP-2 (10 µM) in mixture of PBS and CH3CN (9/1).  

3.3.6 Emission behavior of the probe in different viscosity 

The viscosity of cytoplasm (1 cp) is much lower than that of LDs 

(57 cp).[140-141] Therefore, it will provide another way to 

distinguish LDs. Next, the relationship between viscosity and 

fluorescence intensity we studied in methanol-glycerol binary medium 

system.[142] Transfer 20.0 μL of the stock solution to a test tube, and 

then dilute it to 2.0 mL with methanol-glycerol mixture. According to 

the results, we found that there was a small red shift phenomenon 



 

(~25nm). This was due to the increase in polarity of the medium. 

Andthe experimental results were consistent with the conclusion of 

polarity sensitive experiment. We found that the fluorescence intensity 

of probeswere positively related to viscosity (Figure 3.8). LDP-1 

showed a ~4 folds intensity increment while LDP-2 showed a ~9 folds 

rise in intensity along with a ~25 nm red shifts. The cells contained a 

large amount of water, so we tested PBS-Glycerol system again 

(Figure3.9). With the increase of viscosity, the fluorescence intensity 

of the probe increased by nearly 40 times. The experimental results 

were consistent. In order to further study the sensitivity of the probe to 

viscosity. The fluorescence intensity of probes in different solvents 

were also studied (Figure3.10). The probe emitted strongly in glycerol 

with high viscosity.  

The emission intensity of the probeswere affected by viscosity 

because of the molecular rotor. The novel fluorescent materials with 

twisted intramolecular charge transfer effect generally contained a 

rotatable D-π-A conjugated structure.[143]In low-viscosity medium, 

intramolecular rotation results in relaxation of excitation energy, 

which significantly weakens fluorescence emission. But, in high-

viscosity medium, free rotation was prevented, and the molecules 

release energy mainly by radiation, resulting in significant 

enhancement of fluorescence.[144] 



 

 

Figure 3.8. (a) Changes of fluorescence spectra of LDP-1 (10 µM, λex= 520 nm) 

with the variation of solution viscosity (methanol-glycerol system). (b) Changes 

of fluorescence spectra of LDP-2 (10 µM, λex= 530 nm) with the variation of 

solution viscosity (methanol-glycerol system). 

 

 

 

Figure 3.9. (a) Changes of fluorescence spectra of LDP-1 (10 µM, λex= 520 nm) 

with the variation of solution viscosity (PBS-glycerol system). (b) Changes of 

fluorescence spectra of LDP-2 (10 µM, λex= 530 nm) with the variation of 

solution viscosity (PBS-glycerol system). 

 



 

 

Figure3.10. Fluorescence emission of the probe (a) LDP-1 and (b) LDP-2 in various 

solvents withdifferent polarities. 

3.3.7 Anti-interference of the probe and effect of different pH 

High selectivity for analytes in biological imaging is very 

important. Many aromatic groups linked by vinyl groups are known to 

react with nucleophilic molecules such as bisulfites, and biological 

thiols.[145-148] Under the same external conditions in each group, we 

studied the fluorescence intensity changes of the probes LDP-1 and 

LDP-2 to potentially interfering chemicals (Figure 3.11). Addition of 

ions and potentially interfering chemicals to the solution of the probe 

did not induce any obvious change in the fluorescence intensity of the 

probe in PBS-CH3CN(1:1).The emission behaviors of LDP-1 and LDP-

2were hardly affected by other chemicals. Subsequently, the effect of 

different pH was investigated. As shown in Figure12. In mixture of PBS 

and CH3CN (1:1), when pH changes from 1 to 12, there were almost no 

changes of probe LDL-1 and LDL-2, indicating that the two probes were 



 

not affected by pH. 

 

Figure 3.11.In CH3CN-PBS (1:1), (a) the fluorescent intensity of LDP-1 (10 µM, 

λex= 520 nm, at 705 nm) and (b)LDP-2 (10 µM, λex= 530 nm, at 690 nm) upon 

addition of various species (100 µM) including: 1, Blank; 2, Arg; 3, H2O2; 4, HSO3
-; 5, 

Cys; 6, Ser; 7, Zn2+; 8, N2H4; 9, K+; 10, GSH; 11, Fe3+; 12, Cu2+; 13, Al3+. 

 

 

 

Figure 3.12. The maximum emission intensity of probe (a) (c) LDP-1 (10 Μm, λex= 

520 nm) and (b) (d) LDP-2 (10 Μm, λex= 530 nm) in 50 % water mixtures at various 

pH (1-12). 



 

3.3.8 Cellular imaging of the probe 

 

Figure 3.13. Cytotoxicity assays of probe (a) LDP-1and (b) LDP-2 at different 

concentrations (0 μΜ; 5μΜ; 10 μΜ; 20 μΜ;30 μΜ; 40 μΜ) for HeLa cells 

Before imaging living cells, we must test the biotoxicity of probes. The 

cytotoxicity of the probes were evaluated by MTT method. (Figure 3.13). 

HeLa cells were cultured with probes at different concentrations for 24 

hours, and the cell survival rate was observed. As shown in Figure3.13, 

the survival rate were over 85%.To sum up, the two probes with low 

biotoxicity were suitable for cell imaging. 

To further prove that our designed probes could be used for selectively 

labelling LDs in cells, co-localization experiments in living HeLa cells 

were carried out by purchasing the commercially available LDs probe 

BODIPY 493/503 (Figure 3.14-3.15). Thered fluorescence imaging were 

stained by probesLDP-1 (Figure 3.14c) andLDP-2(Figure 3.15c). The 

green fluorescence imaging were stained by BODIPY493/503.The 

images after co-localization were depicted in Figure 14d and Figure 

15d.In addition, the Pearson’s correlation coefficients were up to 0.97 



 

(LDP-1) and 0.89 (LDP-2). The experimental results showed that the two 

probes could selectively sense LDs distribution in living HeLa cells.  

 

Figure 3.14. Fluorescence image of live HeLa cells incubated with both LDP-1 (10 

µM) and BODIPY 493/503 for 30 min at 37 ℃. (a) bright field image.(b) Emissions 

from the BODIPY (480-510 nm, λex=488 nm). (c) Emissions from LDP-1 (680-710 

nm, λex= 520 nm). (d) Merged image. (e) Fluorescence intensity profile along the 

ROI line (10 µm). 

 

Figure 3.15. Fluorescence image of live HeLa cells incubated with both LDP-2 (10 

µM) and BODIPY 493/503 for 30 min at 37 ℃. (a) bright field image.(b) Emissions 

from the BODIPY (480-510 nm, λex=488 nm). (c) Emissions from LDP-1 (660-700 

nm, λex= 530 nm). (d) Merged image. (e) Fluorescence intensity profile along the 

ROI line (10 µm). 



 

3.4 Conclusion 

In this chapter, two organic bio-probes LDP-1 and LDP-2 were 

designed and synthesized for LDs cell imaging. The two probes could 

sense the hydrophobicity and high viscosity environment of LDs at the 

same time. The two probes showed good characteristics, including long 

emission wavelengths, large Stokes shifts, good anti-interference ability 

and low biotoxicity. In addition, the two probes could also selectively be 

applied for tracing LDs. This work provides a new method for monitoring 

LDs at organ and body levels.  



 

SECTION 4. A novel polarity sensitive lipid droplets fluorescent 

probe synthesized by a rational design strategy and its application in 

cell imaging 

4.1 Introduction 

As key organelles that store and supply lipids, lipid droplets serve to 

buffer intracellular lipid concentrations and control their release to meet 

specific cellular demands. Lipids represent a special class of hydrophobic 

substances that are constantly performing tasks required for cellular 

functions to maintain the dynamic balance within the cell[149-153]. As 

precursors for the synthesis of many signaling molecules in cells, lipids 

may cause cytotoxicity leading to cellular dysfunction and apoptosis if 

not properly controlled, and this term is known as lipotoxicity, and thus 

lipid droplets are key intracellular organelles that store and supply 

lipids[154]. Interestingly, lipid droplets also exhibit the function of 

helping to transport intracellular proteins[155-157]. Moreover, cancer 

cells are constantly robbing the surrounding nutrients, which inevitably 

take up excess lipids and cholesterol and store them in lipid droplets[158-

160]. Therefore, detection of LDs content in cells could also be a 

potential method for tumor treatment and monitoring.  

Polarity is a very important parameter and indicator for normal cells, 

playing a key role in numerous biological processes such as cell 



 

differentiation, cell migration, and tissue and organ formation. Moreover, 

loss of cell polarity is associated with cancer and other related disease 

states[161-164]. Numerous studies have shown that the development of 

certain diseases is closely related to abnormal changes in polarity, such as 

inflammation[165-168]. The unique function of the lipid droplet and the 

unique environment in which it resides dictate that it is closely related to 

the level of polarity in the microenvironment, and there are increasing 

data suggesting that abnormalities in LDs polarity are inseparable from 

the tumor process, and the low polarity of LDs has been certified to be 

associated with cancer cells[169-172]. Therefore, the rational 

development of a tool that can monitor the polarity of lipid droplets is 

important to discriminate between normal and abnormal cells. 

As a technique developed in recent years, fluorescence probe 

technology has the advantages of sensitivity, convenience, accuracy, ease 

of operation and non-destructive characteristics, and it is gradually 

became an important reference tool for in vivo and in vitro biomedical 

research[173-183]. In the present study, a novel polarity-sensitive lipid 

droplet fluorescent probe, ATOP-LD, was synthesized based on the 

design of coumarin fluorophore with 3-Pyridinecarbonitrile. The probe 

exhibits excellent photostability in terms of photophysical properties, and 

the probe emission wavelength is accompanied by a significant red shift 

with increasing polarity of the dispersed solvent. In addition, the probe 



 

ATOP-LD exhibited effective targeting of lipid droplets, favorable 

biocompatibility, remarkable pH stability and reasonable selectivity. 

4.2 Synthesis of probes 

4.2.1 Reagent 

 

 Short name Name Supplier 

DCM Dichloromethane 
Damao Chemical Reagent 

Factory 

THF Tetrahydrofuran 
Damao Chemical Reagent 

Factory 

EtOAC ethyl acetate 
Damao Chemical Reagent 

Factory 

EtOH Etanol 
Damao Chemical Reagent 

Factory 

CH3CN Acetonitrile 
Damao Chemical Reagent 

Factory 

DMSO Dimethyl Sulfoxide 
Damao Chemical Reagent 

Factory 

DMF N,N-DiMethylforMaMide 
Damao Chemical Reagent 

Factory 

Arg L-Arginine J&K Scientific 

Cys L-Cysteine J&K Scientific 

Ser L-Serine J&K Scientific 

GSH L-Glutathione Energy Chemical 

Pip Piperidine Energy Chemical 

4.2.2 Materials 

The 1H NMR and 13C NMR spectrums were obtained from INOVA-



 

400 MHz nuclear magnetic resonance instruments, respectively. High-

resolution electrospray mass spectra (HRMS) were obtained from Bruker 

APEX IV-FTMS 7.0T mass spectrometer. All the UV–vis absorption 

spectra and emission spectra were obtained from Shimadzu UV-1800 

spectrometer and Shimadzu RF-5301PC spectroscope respectively. The 

fluorescence images of cells were obtained with Nikon A1MP confocal 

microscopy with a CCD camera, Both TLC and silica gel were purchased 

from the Qingdao Ocean Chemicals. 

4.2.3 Synthesis of probes 

Synthesis of the compound 1 

A mixture of ethyl acetoacetate (1.30 g, 10 mmol), ethyl 

cyanoacetate (1.13 g, 10 mmol), methylamine (0.31 g, 10 mmol), ethanol 

(15 mL), and piperidine (0.25 g, 3 mmol) was reacted under nitrogen at 

reflux for 8 hours. After the reaction was completed, excess ethanol was 

removed using a rotary evaporator and the viscous residue was slowly 

poured into cold 10 % hydrochloric acid (30 mL) to precipitate the crude 

product product. Finally, the crude product was recrystallized from 

ethanol three times to obtain pure white crystals (1.46 g, 89%). 1H NMR 

(400 MHz, DMSO-d6) δ 9.56 (s, 1H), 5.65 (s, 1H), 3.28 (s, 3H), 2.23 (s, 

3H). 13C NMR (101 MHz, DMSO-d6) δ 160.59, 160.40, 157.79, 117.41, 

91.83, 88.30, 27.47, 20.44. （Fig. S2-S3） 



 

Synthesis of compound 2 

The mixture of diethyl malonate (1.60 g, 10 mmol), 4-

(diethylamino)-2-hydroxybenzaldehyde (1.93 g, 10 mmol), anhydrous 

ethanol (15 mL) and piperidine (0.25 g, 3 mmol) was reacted at reflux 

under nitrogen for 6 h. After the reaction, the remaining solvent was 

removed by evaporation under reduced pressure. Then, 30 mL of the 

mixed solution HCl/glacial acetic acid (1:1, v/v) was added to the 

reaction system at 120°C and the reaction was continued for 7 h. After the 

reaction, the resulting mixture was poured into 40 mL of deionized water 

and the pH was adjusted to neutral with 40 % sodium hydroxide solution 

and a dark brown precipitate was produced. The precipitate was filtered 

and washed several times with water and ethanol to obtain the target 

product (1.98 g, 91 %). 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 9.3 

Hz, 1H), 7.24 (d, J = 8.8 Hz, 1H), 6.56 (d, J = 8.8 Hz, 1H), 6.46 (s, 1H), 

6.02 (d, J = 9.3 Hz, 1H), 3.40 (q, J = 7.2 Hz, 4H), 1.20 (t, J = 7.2 Hz, 6H). 

(Fig. S4) 

Synthesis of compound 3 

DMF (1 mL) was added to the dry eggplant bottle after three cycles 

of vacuum and nitrogen filling, POCl3 (1.61 g, 10.5 mmol) dissolved in 

DMF (1 mL) was slowly added to the eggplant bottle with a syringe and 

stirred for 45 min at 50 °C. Compound 2 (0.76 g, 3.5 mmol) was 

dissolved in DMF (5 mL) and added to the above mixed system and 



 

stirred for 2 h at 60 °C. After the reaction, the mixture was slowly poured 

into 100 mL of ice water and the pH was adjusted to neutral with 20% 

NaOH. The precipitate was filtered and washed several times with 

deionized water and anhydrous ethanol to obtain a yellow solid powder. 

Yield : 81 %. 1H NMR (400 MHz, CDCl3) δ 10.13 (s, 1H), 8.26 (s, 1H), 

7.43 (d, J = 9.0 Hz, 1H), 6.68 (dd, J = 9.0, 2.6 Hz, 1H), 6.53 (d, J = 2.7 

Hz, 1H), 3.48 (q, J = 7.1 Hz, 4H), 1.26 (t, J = 7.2 Hz, 6H). (Fig. S5) 

Synthesis of probe ATOP-LD 

Compound 3 (0.12 g 0.5 mmol) and compound 1 (0.075 g 0.5 mmol) 

were dissolved in glacial acetic acid (2 mL) and stirred for 1 h at 100 °C, 

then isopropanol (2 mL) was added and reacted at room temperature for 2 

h. After the reaction was completed, petroleum ether (5 mL) was added to 

produce a large amount of precipitation, and the product was obtained by 

filtration and recrystallization with ethanol. Yield : 86 %. 1H NMR (400 

MHz, CDCl3) δ 9.56 (s, 1H), 8.18 (s, 1H), 7.47 (d, J = 9.0 Hz, 1H), 6.71 

(d, J = 9.2 Hz, 1H), 6.50 (s, 1H), 3.53 (q, J = 7.2 Hz, 4H), 3.35 (s, 3H), 

2.61 (s, 3H), 1.30 (t, J = 7.2 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 

162.76, 162.34, 160.81, 159.89, 158.46, 154.08, 150.29, 148.01, 133.27, 

121.35, 114.88, 112.08, 110.82, 109.73, 103.43, 97.41, 45.74, 27.04, 

19.53, 12.57. (Fig. S6-S7) 



 

 

Scheme 4.1. Synthetic route of probe ATOP-LD . 

4.2.4 Probe design 

The probe ATOP-LD is composed of a coumarin derivative and a 1,4-

dimethyl-3-cyano-6-hydroxypyridin-2-one group with strong electron-

absorbing properties. Specifically, the diethylamine group is used as a 

functional group for precise targeting of lipid droplets and also as a strong 

electron-donating group for probe ATOP-LD. The fluorescent probe 

ATOP-LD obtained by condensation reaction of compound 1, which 

contains a strong electron-absorbing structure, with coumarin-derived 

compound 3. Due to the design of the special D-π-A chemical structure of 

the probe ATOP-LD and the addition of the diethylamine functional 

group, the probe exhibited not only effective detection of lipid droplets, 

but also polarity-sensitive properties. 



 

4.3 Result and Discussion 

4.3.1 General procedure for analysis 

Parent stock solution of the fluorescent probe ATOP-LD (1.0 mM) 

wasprepared in absolute DMSO 20.0 μL of stock solution was transferred 

into atest tube, and then diluted to 2.0 mL with the mixture of organic 

solvent. All spectra were obtained in a quartzcuvette (path length = 1 cm). 

The solutions of K+, Zn2+, Al3+, Cu2+, Fe3+andwere prepared 

from their chloride salts. Hydrogen peroxide (H2O2) was provided from 

its commercially available 30% aqueous solution to afford the desired 

concentration. Cysteine (Cys) and glutathione (GSH) and L-Serine (Ser) 

and L-Arginine (Arg) were prepared by dissolving the corresponding 

solid in ultrapure water. PBS solution was prepared withNa2HPO4and 

KH2PO4, and adjusted to pH 7.4. 

4.3.2 Photophysical properties of the probe in different solvents 

In order to verify the feasibility of the probe design we first 

performed absorption spectra and fluorescence spectra in different 

solvents, respectively toluene (Tol), tetrahydrofuran (THF), dimethyl 

sulfoxide (DMSO), N,N-dimethylformamide (DMF), dichloromethane 

(DCM), PBS buffers (pH = 7.4), 1,4-Dioxane, acetone, ethanol (EtOH), 

acetonitrile (CH3CN), ethyl acetate (EtOAc), Methanol (MeOH). The 



 

detection results showed that the maximum absorption wavelength of the 

probe ATOP-LD in different solvents changed accordingly with the 

change of the solvent and the pattern is more obvious in the fluorescence 

spectra. The fluorescence emission intensity of the probe ATOP-LD is 

significantly higher in lipid solvents than in protonic solvents. As shown 

in Fig. 1, the fluorescence intensity of the probe in Tol, dioxane, EtOAc 

solvents is even 65 fold higher than that in PBS buffers, MeOH, EtOH 

solvents (Fig. 4.1b)). In addition, the maximum emission wavelength of 

the fluorescence spectrum of the probe ATOP-LD was blue-shifted by 

about 35 nm with the change of solvent polarity ( as the polarity 

decreased) (Fig. 4.1a)). These results indicated that the probe ATOP-LD 

provides effective detection of lipid droplets. 

 

 

Figure.4.1. a) Fluorescence spectra of probe ATOP-LD (10 μM) in different solvents. 

b) Effect of different solvents on the fluorescence emission intensity of probe ATOP-

LD (10 μM). 



 

4.3.3. Fluorescence spectra of probe ATOP-LD in different ratio of 

EtOAc/MeOH and Dioxane/PBS buffers. 

  To further investigate the properties of the probe on lipid droplets, 

we added the fluorescence spectral properties of the probe in different 

ratios of EtOAc/MeOH and Dioxane/PBS buffers tests. As a result of the 

analysis, the fluorescence emission intensity of the probe ATOP-LD 

showed a significant increment with the increase of EtOAc and Dioxane 

in the solvent mixture and the maximum emission wavelength was 

accompanied by a slight blue shift of 20-35 nm (Fig. 4.2). These 

experimental phenomena revealed that the sensitivity of the fluorescent 

probe ATOP-LD to the effect of lipid droplets is favourable enough to be 

suitable for labeling lipid droplets. 

 

 

Figure. 4.2. a) The fluorescence spectra of probe ATOP-LD (10 μM) in different ratios 

of EtOAc/MeOH. b) The fluorescence spectra of probe ATOP-LD (10 μM) in 

different ratios of Dioxane/PBS buffers. 



 

4.3.4 Study of the polarity-sensitive properties of the probe ATOP-LD 

To investigate whether the probe ATOP-LD exhibited positive 

sensitivity to solvent polarity, we have measured the dependence of its 

fluorescence emission intensity and fluorescence maximum emission 

wavelength on polarity by fluorescence spectroscopy. As shown in Fig. 

4.3, The maximum fluorescence emission wavelength of the probe ATOP-

LD in different polarity solvents shifts significantly, becoming larger with 

increasing solvent polarity (Fig. 4.3a)). Moreover, as the polarity of the 

probe ATOP-LD solution changed, the fluorescence color transformed 

from blue to dark green under 365nm UV lamp, and the fluorescence also 

showed a variation from bright to weak (Fig. 4.3a)). In order to 

investigated the sensitivity of the probe ATOP-LD to polarity in more 

detail, two empirical parameters (ET(30), dielectric constant (ε)) are 

quoted as the polarity parameter and the dielectric constant, respectively. 

We discussed the relationship between the fluorescence properties of the 

probe and them separately. What can be obtained is that the fluorescence 

intensity of the probe decreases as ET(30) increased (Fig. 4.3b)). At the 

same time, the maximum fluorescence emission wavelength of the probe 

shows a significant red shift and a good linear relationship with the 

change of ET(30) (Fig. 4.3c)). In addition, the dielectric constant also 

exhibited a clear regular variation with the fluorescence intensity of the 

probe, which gradually decreased as the dielectric constant increased (Fig. 



 

4.3d)). These results suggested thatdue to the unique design of the probe 

ATOP-LD and the strong intramolecular charge transfer mechanism, the 

probe showed effective sensitivity to solvents polarity.  

 

 

Figure. 4.3. a) Fluorescence normalized spectra of the probe ATOP-LD (10 μM) in 

different solvents. b) Dotted line plot of empirical polarity parameters versus probe 

ATOP-LD (10 μM) fluorescence emission intensity. c) Fitted curve of the relationship 

between the fluorescence maximum emission wavelength of the probe ATOP-LD (10 

μM) and the empirical parameter of polarity. d) Dotted line plot of the fluorescence 

emission intensity of the probe ATOP-LD (10 μM) versus the dielectric constant of 

different solvents. ET(30) and dielectric constant (ε) were collected from reference. 

[34-35]. 



 

4.3.5 Probe ATOP-LD interference immunity test 

Since the complex environment inside the cells of the organism's 

machinery, fluorescent probes must be highly resistant to interference. To 

explore the anti-interference ability of the probe ATOP-LD, we added 

different analytes to the test solution to detect changes in the fluorescence 

spectrum. As shown in Fig. 4.4, The fluorescence spectra were collected 

by adding different analytes to the Dioxane/PBS buffers (v/v=1/1) solvent 

mixture and pure PBS buffers solution respectively, and the test results 

showed that the change of fluorescence intensity was very minor, and the 

probe ATOP-LD provided favorable anti-interference ability. 

 

Figure. 4.4. Fluorescence intensity of the probe ATOP-LD (10 μM) in the presence of 

different analytes (100 μM). Black column: in dioxane/PBS buffers (v/v=1/1). red 

column: in dioxane/PBS buffers (v/v=9/1). Where 1-21 represent Fe3+,HCO3-, 

Ca2+,Mg2+,Cu2+,Al3+,Fe2+,CO3
2-, GSH, Cys, Arg, CIO-, HS-, H2O2, N2H4•H2O, NO2-, 

TBHP, SO4
2-, Na+, Cl-,(NO3)

2- respectively. 



 

4.3.6 Probe ATOP-LD pH and kinetic stability research 

The extremely complex intracellular physiological and pathological 

environment requires fluorescent sensors equipped with excellent kinetic 

stability and pH stability to ensure that the probes remain functional in 

the complex physiological environment. Thus, we examined the probe 

ATOP-LD by fluorescence spectroscopy in terms of kinetic stability and 

pH stability respectively. The experimental results indicated that the 

probe ATOP-LD exhibited excellent kinetic stability in different solvents 

and even maintained a stable fluorescence emission intensity after 3 h 

(Fig. 4.5a).  As shown in Fig. 4.5b, the fluorescence intensity of the probe 

varies very rarely in the range of pH1-12 and was almost independent of 

pH, indicating that the probe structure was designed with a good pH 

applicability range. These results suggested that the probe ATOP-LD can 

be effectively used in biological environments and maintain good stability. 

 

Figure. 4.5. a) Detection of kinetic stability fluorescence spectra of the probe ATOP-

LD (10 μM) in different solvents. b) The pH effects of fluorescence spectra of probe 

ATOP-LD (10 μM) in pure PBS buffers (pH=7.4). 



 

4.4 Conclusion 

In this chapter, we developed a novel fluorescent chemosensor that 

can effectively label intracellular lipid droplets. interestingly, it also 

exhibited polarity-sensitive properties due to the rational design of the 

probe ATOP-LD molecular structure, which itself has strong electron-

giving and electron-absorbing groups. In addition, the probe itself had 

excellent interference resistance, pH stability and Kinetic stability. 

  



 

CONCLUSION 

1. A novel organic bio-probe Cou-LDs was designed and 

constructed for LDs cell imaging with much more hydrophobic and 

viscous environment compared to cytosol. The presence of diethylamino 

electron donating groups helps in shiftingthe intramolecular charge 

transfer bands to the red-wavelength regions. This probe exhibited 

favorable merits including large Stokes shift (over 100 nm), good 

selectivity, low biological toxicity, and LDs-specificity. 

2. Two organic bio-probes LDP-1 and LDP-2 were designed and 

synthesized for LDs cell imaging. The two probes could sense the 

hydrophobicity and high viscosity environment of LDs at the same time. 

The two probes showed good characteristics, including long emission 

wavelengths, large Stokes shifts, good anti-interference ability and low 

biotoxicity. In addition, the two probes could also selectively be applied 

for tracing LDs. This work provides a new method for monitoring LDs at 

organ and body levels. 

3. Developed a novel fluorescent chemosensor that can effectively 

label intracellular lipid droplets. interestingly, it also exhibited polarity-

sensitive properties due to the rational design of the probe ATOP-LD 

molecular structure, which itself has strong electron-giving and electron-

absorbing groups. In addition, the probe itself had excellent interference 

resistance, pH stability and Kinetic stability. 
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