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Abstract 
Although the kinetic chlorophyll fluorescence signals are rich in information, most of the chlorophyll fluorescence related studies deal only 

with the quantum yield of primary photochemistry (Fv/Fm).  JIP-test based OJIP fluorescence transient analysis is relatively a new technique 

to investigate the environmental stress responses of photosynthetic organisms.  In the present study, the deleterious effects of ultraviolet (UV) 

radiation on the photosynthetic machinery were probed by the JIP-test in Euglena, one of the most potent organisms for the future space 

stations.  The cells were exposed to a series of UV-C doses and immediately after exposure, survival percentage was determined with Neutral 

Red staining, and the chlorophyll fluorescence was measured using AquaPen AP-C 100 fluorometer. Resultant OJIP transients were analyzed 

according to JIP-test, and several functional and structural parameters were derived to explain the PSII behavior.  Results indicated that the 

UV-C induced inhibition of electron transport is severely affected due to higher sensitivity of dark reactions after QA
-, represented as ψo, the 

electron transfer probability, than of the light dependent reactions, represented as φPo, the trapping probability.  The performance index (PIABS) 

of PSII, which is a combination of the indices of three independent parameters, decreased markedly in exponential manner in response to UV-

C.  Results illustrate the advantage of using a number of fluorescent parameters over the use of one parameter, often the Fv/Fm.   

Keywords: JIP-test; performance index; PS II; quantum yield 

Introduction 

Chlorophyll fluorescence emitted by sensitive 

photosynthetic organisms reflects the energetic behavior of 

photosynthetic system.  It has become an important tool in 

monitoring the photosynthetic events and analyzing the 

physiological state of photosynthetic organisms. Moreover, 

chlorophyll fluorescence transient and its measurements are 

strong enough to provide reliable interpretation (Force et 

al., 2003) on the complex signals by facilitating deeper 

insight into the mechanism of fluorescence emission.  

In photosynthesis, antenna pigments absorb the light and 

excitation energy is transferred to the reaction centers (RC) 

of the two photo-systems (PS I and II) (Krause and Weis, 

1991). Absorbed light energy can undergo one of 

photochemistry, heat, or fluorescence (through photo-

emission) (Misra et al., 2012). Although these processes 

compete each other total energy is constant. In increase in 

one process will decrease the yield of the other two 

processes.  Thus, measurement in yield of chlorophyll 

fluorescence gives information about the efficiency of 

photochemistry and heat dissipation.  Among PS I and II, 

PS II has been identified as the most liable component of 

the photosynthetic apparatus (Lazar, 1999 and Govidgee, 

2004).  

The energy flux theory in photosynthetic apparatus is the 

function of a system mainly based on the Butler bipartite, 

where it treats the antennae and reaction centre separately, 

of variable PS II fluorescence (Strasser, 1981, 1978).  

Accordingly , it has been proposed four types of energy 

fluxes as an absorbed flux (ABS), a trapping flux (TR), an 

electron flux (ET) and a dissipation flux (DI), the non 

trapped energy emit as heat and fluorescence (Fig. 1). 

Strasser and Strasser (1995) introduced the JIP test which is 

a simple energy flux theory, that translates the changes 

observed in the fluorescent transients to quantitative 

changes in formulated parameters (Force et al., 2003).  This 

OJIP curve has been derived from the exponential phase of 

the typical Kautsky curve or OPS curve (Kautsky and Hirsh, 

1931) after inserted to a logarithmic time scale.  Then, it has 

revealed a shape with many phases and rich in information 

about the behavior of the photosynthetic apparatus being at 

any physiological state (Strasser et al., 2004).   

Nevertheless, the JIP test is a stepwise flow of energy (Fig. 

2) through PS II at the reaction centre (RC) level as well as 

the level of a cross section (CS).  The maximum quantum 
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yield of primary photochemistry (Fv/Fm= φPo) is just one of 

parameters that can be derived from it. Although kinetic 

Chlorophyll fluorescence signal carries enormous amount 

of information, many scientists still rely on the Fv/Fm ratio 

in the photosynthetic pathway.  The analysis of the O-J-I-P 

polyphasic transients according to the JIP-test is becoming 

popular as this rapid and non-invasive analysis allows 

deriving several expressions leading to a detailed 

description of a photosynthetic organism at a given 

physiological state (Strasser et al., 2000). 

Euglena is a unicellular photosynthetic organism which has 

been proposed as a valuable biological component to be 

used in closed ecological life-support systems such as space 

stations due to its high photosynthetic efficiency and 

nutritional quality. The substantially high resistance of this 

organism to UV radiation adds more value in this respect. 

Even though photosynthetic pigments are bleached and 

destroyed by higher doses of UV radiation, the vulnerable 

targets in the photosynthetic pathway has not been clearly 

identified in most organisms. Hence, the present study was 

conducted to probe the deleterious effects of ultraviolet 

radiation on the photosynthetic machinery of Euglena using 

OJIP chlorophyll fluorescent transients followed by the JIP-

test, a relatively new technique. 

Materials and Methods 

Biological culture and UV-C exposure 

Euglena gracilis Klebs strain Z was cultured 

photoautotrophically in modified Cramer-Mayer medium 

according to Bolige et al. (2006) at room temperature or 

25°C. Exponentially growing cells were exposed to UV 

radiation; a series of doses was administered using a UV-C 

germicidal lamp (peak = 254 nm; GL-15, Panasonic, Tokyo, 

Japan) with an intensity of 2.2 Wm-2, while changing the 

exposure time.  

Chlorophyll fluorescence measurements 

Immediately after exposing to the UV-C, survival 

percentage was determined with Neutral Red staining, and 

the chlorophyll fluorescence was measured in cell 

suspensions (2 ml) using AquaPen AP-C 100 fluorometer 

(PSI, Czech Republic). For each measurement, a cell titer 

of ~ 8 × 104 cells/ml was used.  The samples were dark-

adapted for 10 min. dark-adaptation, the cells were exposed 

to a saturating light pulse of 3000 μmolm-2s-1.  The 

fluorescent transients were recorded in a time span from 10 

μs to 1 s at 10 μs intervals.  

Analysis of chlorophyll fluorescence  

Each transient was analyzed according to JIP-test (Strasser 

et al., 2000) by using raw data; F0 - the fluorescence 

intensity at 50 μs when all RCs are open (O-step), FK - at 

300 μs (K-step), FJ - at 2 ms (J-step), FI - at 30 ms (I-step) 

and FM - maximum fluorescence intensity assuming all the 

RCs are closed by the saturating light pulse (P-step).  Using 

these values in equations purposed by the JIP-test, it was 

converted the experimental fluorescence signals into bio-

energetic meaning and several parameters were calculated 

(Fig. 2). Two other basic parameters were also derived 

(Equations and definitions of JIP parameters by Strasser et 

al (2004; 2010) ; 

Net rate of PS II closure: an approximation of the slope at 

the origin of the fluorescence rise (dF/dt)0, is the measure of 

the rate of the primary photochemistry (Eqn.1). It is a net 

rate because the reduced PS II primary electron accepter 

(QA) can be re-oxidized via electron transport beyond QA.    

M0 = 4(FK-F0) / (FM-F0)  Eqn.1 

Relative variable fluorescence at 2 ms  

For connected PS II units, equals the fraction of closed RCs at 2 

ms expressed as a proportion of the total number of RCs that can 

be closed (Eqn.2).  

VJ = (FJ-F0) / (FM-F0)  Eqn.2 

Following equations were used to explain the PSII behavior: 

(a) Specific energy fluxes (per RC) for absorption (ABS/RC), 

trapping (TR0/RC), electron transport (ET0/RC) and dissipation 

(DI0/RC).  These fluxes are interrelated and outlined as a pipeline 

model in Fig. 1. 

 

 

 

 

 

 

 

 

 

Fig. 1:  Energy pipeline membrane model 

Simplified scheme for the interrelation of specific energy fluxes (per RC) for absorption (ABS/RC), trapping (TR0/RC), electron 

transport (ET0/RC) and dissipation (DI0/RC) in the photosynthetic apparatus 
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a. Effective antenna size of an active RC: the total number of 

photons absorbed by chlorophyll molecules of all RCs divided by 

the total number of the active RCs. It influenced by the ratio of 

active/inactive RCs. 

 

ABS/RC = (M0/Vj) / [1–(F0/Fm)] Eqn.3 

 

b. Electron transport in an active RC:  the re-oxidation of 

reduced QA via electron transport in an active RC. Only reflect the 

activity of active RCs. 

 

ET0/RC = (M0/Vj) × (1–Vj)   Eqn.4   

 

c. Maximal trapping rate of PS II: the maximal rate by which 

an exciton is trapped by the RC resulting in the reduction of QA.   

  

TR0/RC = (M0/Vj)     Eqn.5   

 

d. Effective dissipation of an active RC: the ratio of the total 

dissipation of un-trapped excitation energy from all RCs with 

respect to the number of active RCs. It influenced by the ratio of 

active/inactive RCs.  

  

DI0/RC = (ABS/RC) – (TR0/RC)   Eqn.6   

(b)   Flux ratios or yields, i.e. maximum quantum yield of primary 

photochemistry (φPo), electron transport probability (ψo), and the 

quantum yield of electron transport (φEo): 

 

 φPo = [1–(F0/Fm)] = TR0/AB = FV/Fm  Eqn.7 

 

 ψo   = (1–Vj) = ET0/TR0   Eqn.8 

 

 φEo = [1–(F0/Fm)] × (1–Vj) = ET0/ABS   Eqn.9 

 

(c) Performance Index (PI): 

PIABS = (RC/ABS) × (φPo/(1-φPo)) × (ψo/(1-ψo))  Eqn. 10 

Results and Discussion 

LD50 of UV-C  

UV radiation which is a part of the solar spectrum contains 

UV-C, UV-B and UV-A.  The effect of UV radiation on 

photosynthetic organisms has been extensively investigated 

over the past decades due to the depletion of ozone layer. 

Many studies have analyzed the effect on UV radiation on 

photosynthetic organisms and observed that UV radiation 

causes serious damages to photosynthetic apparatus thus, 

induced a decrease of the photosynthetic capacity (Prasad 

and Zeeshan (2004), Holzinger and Lutz (2005) and 

Takahashi et al. (2006)).  

In this study, the LD50 of UV-C radiation for E. gracilis was 

found to be ~ 1.2 KJ/m2. Until ca. 0.5 KJ/m2, a significant 

cell death was not observed (Figure 3).  
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Fig. 2: The outline of the JIP parameters 

The stepwise flow of energy through PS II at both reaction centre (RC) level (absorption (ABS/RC), trapping (TR0/RC), electron transport (ET0/RC) and 

dissipation (DI0/RC)) and the level of cross section (CS) ((ABS/RC), (TR0/RC), (ET0/RC) and (DI0/RC)). The parameters are interrelated by probabilities that 

define exciton trapping (TR0/ABS) and electron transport (ET0/ TR0).    

Fig. 3: The LD50 of UV-C radiation for E. gracilis 
A significant cell death shows after 0.5 KJ/m2 and LD50 of UV-C for E. gracilis 

observed at 1.2 KJ/m2 
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In this experiment, E. gracilis was exposed to a series of 

UV-C doses and, the results showed a significant increment 

of the measured JIP fluorescence intensities at 0.05 ms (F0), 

at 0.3 ms (FK), at 2 ms (FJ), at 30 ms (FI), and at the 

saturating light pulse (FM)  (data not shown).  Clark et al. 

(2000) and Kuger et al. (1997) reported that the 

performance of the PS II and the impact of stress conditions 

can be detected using the JIP-test as it revealed information 

based on different scales.  

Specific energy fluxes 

Specific energy fluxes (Fig. 4) show that an increase in UV-

C dose results in an increase in the effective antenna size of 

an active reaction center and a decrease in electron transport 

flux, while keeping the maximum rate by which an exciton 

is trapped by the RC, unchanged.  These changes have led 

to an increase in the dissipation flux. The change in the 

antenna size of PSII can be due to the inactivation of RCs 

by UV radiation.  On the other way around, as the antenna 

size is calculated average values as total absorbing 

chlorophyll per total fully active PS II RCs, and it can be 

increased if RCs were converted into heat sinks or other 

regrouping of antennae from active RCs to inactive RCs 

occurred (Strasser et al., 1995 and Van Heerden et al., 

2003). Force et al. (2003) stated that dissipation can be 

thought of as the absorption of photons in excess of what 

can be trapped by the RC. Dissipation also results the 

decrease level of electron transport. 

 

 

Moreover, UV radiation also lowered the photosynthetic 

performance of a single RC as can be seen by the decreased 

electron transport flux (Fig. 4). 

Quantum efficiencies 

The quantum efficiencies; ET0/ABS, ET0/TR0 and 

TR0/ABS0, analyzed in the present study, decreased with the 

increasing UV-C dose (Fig. 5).  However, ψo (Eqn.8) that 

expresses the efficiency of a trapped exciton that can move 

an electron into the electron transport chain further than QA
- 

seemed severely affected compared to other two flux ratios, 

i.e. φPo (Eqn.7) and φEo (Eqn.9).   Furthermore, a reduction 

in the electron transport capacity (ET0/TR0) was resulted 

due to the decline in ET0/RC (Eqn.4).  This behavior 

indicates that the UV-C induced inhibition of electron 

transport is more due to ψo; highly dark sensitive reactions 

after QA
-, than φPo; the light dependent reactions.  

The increase in DI0/RC and the decline in ET0/TR0 may 

indicate that the UV exposed E. gracilis was photoinhibited. 

Similar results were reported by Wobese et al. (2000), an 

increase in photoinhibition as a consequence of high 

exposure to UV-B radiation in Macrocystis pyrifera  and a 

more pronounced photoinhibition under UV-B in Porphyra 

umumbilicalis (Aguilera  et al., 1999).  Lowering of the 

FV/FM ratio (TR0/ABS) has been the most prominent 

parameter to measure the photoinhibition to date.  However, 

it may also be accompanied by an increase in the minimum 

fluorescence level, but not always as reported by Force et 

al. (2003).  From Fig. 5, it can be seen the reduction in 

FV/FM ratio, a significant fallen in ψo=ET0/TR0 and 

substantial increment in DI0/RC (Fig. 4). Therefore an 

increase in the effective dissipation of an active RC and the 

decline in electron transport probability can be used as more 

accurate parameters to measure photoinhibition than by a 

decline in FV/FM ratio. 

 

Among other responses, Paoletti et al. (2004), Manes et al. 

(2001) and Nussbaum et al. (2001) observed a reduction in 

φPo (Eqn. 7).  It is further explained, although φPo is very 

stable, there can be a reduction when the level of injury is 

very high under the severe stress conditions.  Regarding 

this, Bussotti et al. (2006) suggested, this as a controlled 

way of absorbed excess light through a down regulation 

mechanism which includes a decrease of the fraction of 

fully active RCs and an increase of the fraction of heat sink 

centers to dissipate excess energy.  Thus, the PS II can 

switch from a process converting light energy into 
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Fig. 4:  Specific energy fluxes (per RC) 
An increase in UV-C dose results increased in absorption 

(ABS/RC), unchanged trapping (TR0/RC), decreased electron 
transport (ET0/RC) and increased dissipation (DI0/RC). 
 

Fig. 5: Flux ratios or yields 
Maximum quantum yield of primary photochemistry (φPo), electron 
transport efficiency (ψo), quantum yield of electron transport (φEo), 

and Performance Index (PI) decreased with increasing UV-C dose. 
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biochemical energy storage to an energy conversion process 

that transforms the absorbed light energy into heat 

dissipation.  This mechanism protects the photosystems 

from the risks of photo-oxidation and allows them to 

maintain their basal fluorescence intensity (Bussotti et al. 

(2006). 

The similar phenomenon was observed by Albert et al. 

(2004), the depression of UV-B stress is more related to 

stress on the acceptor side (ET0/TR0) of PS II than the donor 

side (TR0/ABS). Similarly, here also it was pointed out a 

down regulation by forming non QA reducing RCs (heat 

sink or silent RCs) (Strasser and Micheal 2001, and Strasser 

et al. 2004). 

Performance index  

PI (Eqn.10) is a good indication about the vitality of the 

photosynthetic organisms where the decreased vitality as 

expressed by low PIABS index values. However, these values 

were not directly related to the net photosynthesis (Bussotti 

et al., 2006) since electron flux is not only used in carbon 

metabolism as it may also be re-routed to other biochemical 

pathways (Adams and Demming, 2004), such as reduction 

of oxygen, nitrite, sulfate, or thioredoxin (Bussotti et al. 

2006). 

Fig. 5 shows that the PI as affected by doses of UV-C 

radiation in comparison to the most commonly used 

chlorophyll fluorescence parameter, Fv/Fm (φPo).  As was 

evident, PI which decreased exponentially with increasing 

doses of UV-C is a highly sensitive index to UV stress, 

whereas Fv/Fm decreased linearly.  The three driving forces 

of the PI showed the same trend for UV-C sensitivity, 

though the changes in ψo/ (1-ψo) are the most pronounced 

(data not shown). This also indicates that the dark reactions 

after QA- are highly sensitive to UV. 

Conclusion 

The results of the present study reveal that there are 

different targets of UV-C radiation on PSII of Euglena; 

photochemistry was less sensitive to UV radiation, 

biochemistry was the most affected, and non photochemical 

redox reactions are damaged mainly in the pool. Our results 

also suggest that the OJIP transients can effectively be used 

to study stress responses inside the PSII complex. 
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